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THE  FIRST  EDITION    OP  THIS   WORK 


WAS   DEDICATED  TO 


SIR  BENJAMIN  COLLINS  BRODIE,  Bart.,  F.R.S.,  D.C.L. 

IN   ADMIRATION   OF 

HIS   GREAT  TALENTS 

AND    IN    REMEMBRANCE   OF 

MANY   ACTS   OF   KINDNESS   SHOWN  TO   THE   ORIGINAL 

AUTHOR   OF   THE   BOOK 

FROM   AN 

EARLY    PERIOD    OF   HIS    PROFESSIONAL   CAREER 


PREFACE. 


'pHE  outstanding  modification  in  the  text  of  this  edition  is  the  use  of  the  Basle 

nomenclature.  Except  in  one  or  two  instances,  this  nomenclature  has  been 
adopted  in  its  entirety;  in  most  cases  English  translations  of  the  Latin  terms 
are  employed,  but  in  those  cases  where  the  Latin  terms  have  become  fixed  by 
routine  usage  it  has  been  deemed  desirable  to  retain  them.  Where  the  Basle 
nomenclature  differs  materially  from  the  older  terminology,  the  latter  has  been 
added  in  brackets,  and  for  fiuiJier  convenience  a  glossary  is  appended  showing 
(a)  the  terms  adopted  in  the  text,  (b)  the  Basle,  and  (c)  the  old  terminology. 

The  paragraphs  on  Surface  Anatomy,  which  in  previous  editions  were  appended 
separately  to  the  descriptions  of  the  various  structures,  have  been  collected  and 
recast  into  a  special  chapter — an  arrangement  which  admits  of  more  easy  reference. 

The  section  on  Histology  has  been  shortened.  The  elementary  tissues  are 
described  in  it,  but  the  complex  tissues  are  considered  along  with  the  organs  to 
which  they  are  specially  related.  The  whole  text  has  been  thoroughly  revised 
and,  where  necessary,  rewritten. 

About  two  hundred  new  engravings  have  been  added;  some  of  them  replace 
older  figures,  but  many  are  additional,  and  the  majority  are  drawn  from  original 
preparations. 

The  notes  on  Applied  Anatomy  have  been  revised  by  A.  J.  Jex-Blake,  M.A., 
M.B.,  B.Ch.,  F.R.C.P.,  Assistant  Physician  to  St.  George's  Hospital,  London, 
and  W.  Fedde  Fedden,  M.S.,  F.R.C.S.,  Assistant  Surgeon  and  Lecturer  on 
Surgical  Anatomy  in  St.  George's  Hospital,  London,  England. 

I  am  deeply  indebted  to  Dr.  J.  Ackworth  Menzies,  Lecturer  on  Physiology, 
and  to  Drs.  J.  Dunlop  Lickley  and  J.  C.  Boileau  Grant,  Demonstrators  of 
Anatomy  in  this  University.  Dr.  Menzies  revised  the  histological  part  of  the 
book,  and  furnished  a  number  of  microscopic  preparations  for  drawings.  Dr. 
Lickley  helped  to  revise  the  text,  arranged  the  chapter  on  Surface  Anatomy  and 
Surface  Markings,  and  passed  the  book  through  the  press.  Dr.  Grant  prepared 
the  dissections  for  the  new  illustrations  and  assisted  in  the  revision  of  the  text. 

I  am  also  indebted  to  that  skilled  anatomical  artist  Mr.  Sydney  T.  Sewell, 
who  made  the  drawings  for  the  new  illustrations  and  who  spared  no  pains  to 
produce  clear  and  acciu*ate  figures. 

ROBERT  HOWDEN. 

UiovERSiTY  OP  Durham  College  of  Medicine, 
Nbwcabtle-upon-Tyne,  1913. 
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PTJBLISHP^RS'  NOTE. 


Books,  like  men,  have  characters  that  can  be  analyzed  to  a  certain  point,  but 
beyond  or  below  lies  a  quality,  subtle  as  life,  and  incapable  of  analysis  or  imitation, 
which  is  called  personality.  The  greater  the  author,  and  the  more  intense  his 
mental  action  in  creating  his  book,  the  more  it  partakes  of  this  element.  This 
principle,  so  clear  as  to  be  almost  axiomatic,  is  illustrated  to  the  fullest  extent 
in  the  work  in  hand.  Henry  Gray  combined  two  faculties,  either  one  sufficient 
to  make  his  name  famous.  He  was  a  great  anatomist  and  a  great  teacher.  He 
possessed  a  thorough  knowledge  of  anatomy  and  an  equal  insight  into  the  best 
methods  of  imparting  it  to  other  minds.  His  text  was  unequalled  in  clearness, 
and  he  united  wdth  it  a  series  of  incomparable  illustrations.  He  devised  the  method 
of  engraving  the  names  of  the  .parts  directly  upon  them,  thereby  exhibiting  at  a 
glance  not  only  their  nomenclature,  but  also  their  position,  extent,  and  relations. 
His  work,  still  unique  in  this  respect,  was  also  the  first  to  employ  colors.  Summing 
all,  it  is  hardly  to  be  wondered  at  that  students  and  teachers  alike  find  theii^bors 
reduced  and  the  permanence  of  knowledge  increased  by  the  use  of  this  book. 

On  its  original  appearance,  over  half  a  century  ago,  Gray  immediately  took  the 
leading  place,  and  it  has  not  only  maintained  its  position  in  its  own  subject,  but 
has  also  become  the  best-known  work  in  all  medical  literature.  It  is  incomparably 
the  greatest  text-book  in  medicine,  measured  by  the  number  of  students  who  use 
it,  and  it  is  unique  also  in  being  the  one  work  which  is  certain  to  be  carried  from 
college  to  afford  guidance  in  the  basic  questions  underlying  practice. 

The  consequent  demand  is  evidenced  in  the  number  of  editions,  which  collec- 
tively represent  the  labors  of  many  of  the  leading  anatomists  since  the  early  death 
of  its  talented  author.  In  this  new  revision  every  line  has  been  carefully  considered, 
any  possible  obscurity  has  been  clarified,  the  latest  accessions  to  anatomical 
knowledge  have  been  introduced,  and  much  has  been  rewritten.  Care  has  been 
exercised  to  make  the  text  a  homogeneous,  sequential,  and  complete  presentation 
of  the  subject,  meeting  every  need  of  the  student,  physician,  or  surgeon. 

As  directions  are  given  for  dissecting,  this  volume  will  serve  every  requirement 
of  the  student  throughout  his  course.  The  Basle  Anatomical  Nomenclature  in 
English  has  been  used  in  the  text  and  on  the  engravings,  this  being  preferable  to 
the  Latin  form  in  the  judgment  of  such  eminent  anatomists  as  Professor  Howden 
and  Professor  Mall.  A  Glossary  exhibiting  the  three  accepted  nomenclatures 
in  parallel  columns  will  be  found  a  great  convenience.  The  Table  of  Contents  is 
so  arranged  as  to  give  a  complete  conspectus  of  anatomy,  a  feature  of  obvious 
value.  The  whole  book  is  thoroughly  organized  in  its  headings  and  the  sequence 
of  subjects,  so  that  the  student  receives  his  knowledge  of  the  parts  in  their 
anatomical  dependence. 

As  a  teaching  instrument  the  new  Gray's  Anatomy  embodies  all  that  careful 
thought  and  unstinted  expenditure  can  combine  in  a  text-book. 
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INTRODUCTION. 


^HE  tern  human  anatomy  comprises  a  consideration  of  the  various  structures 
which  nake  up  the  human  organism.  In  a  restricted  sense  it  deals  merely 
with  the  prts  which  form  the  fully  developed  individual  and  which  can  be  ren- 
dered evidet  to  the  naked  eye  by  various  methods  of  dissection.  Regarded  from 
such  a  stanc>oint  it  may  be  studied  by  two  methods:  (1)  the  various  structures 
may  be  sepaAtely  considered^ — systematic  anatomy;  or  (2)  the  organs,  and  tissues 
may  be  studio  in  relation  to  one  another — topographical  or  regional  anatomy. 

It  is,  howev^^  of  much  advantage  to  add  to  the  facts  ascertained  by  naked- 
eye  dissection  .ose  obtained  by  the  use  of  the  microscope.    This  introduces 
two  fields  of  inv'tigation,  viz.,  the  study  of  the  minute  structure  of  the  various 
component  parts «  the  body — histology — and  the  study  of  the  human  organism 
in  its  immature  c^jition,  i.  e.,  the  various  stages  of  its  intrauterine  develop- 
ment from  the  fert^gj  ovum  up  to  the  period  when  it  assumes  an  independent 
existence — embiyolog    Owing  to  the  difficulty  of  obtaining  material  illustrating 
all  the  stages  of  this  ^j»\y  development,  gaps  must  be  filled  up  by  observations 
on  the  development  o^^r^r  forms — comparative  embryology,  or  by  a  consideration 
of  adult  forms  in  the  ^  of  human  ancestry — comparatiye  anatomy.    The  direct 
application  of  the  facts'  human  anatomy  to  the  various  pathological  conditions 
which  may  occur  constit^g  ^he  subject  of  applied  anatomy.    Finally,  the  appre- 
ciation of  structures  on    immediately  underlying  the  surface  of  the  body  is 
frequently  made  the  subj   ^f  special  study— surface  anatomy. 

Systematic  Anatomy.—,^  various  systems  of  which  the  human  body  is 
composed  are  grouped  und^^j^^  following  headings: 

1.  Osteology— the  bony  sy^^  ^^  skeleton. 

2.  Syndesmology— the  articuj^j^g  ^^  joints. 

3.  Myology    the  muscles.    V^  ^j^^  description  of  the  muscles  it  is  convenient 
to  include  that  of  the  fascise  whi^^.^  g^  intimately  connected  with  them. 

4.  Angiology    the  vascular  sys.^  comprising  the  heart,  bloodvessels,  lymphatic 
vessels,  and  lymph  glands. 

5.  Neurology— the  nervous  syst*  rj.^^  organs  of  sense  may  be  included  in 
this  system. 

6.  Splanchnology- the  visceral  .^^  Topographically  the  viscera  form 
two  groups,  viz.,  the  thoracic  vise  ^^^  ^j^^  abdominopelvic  viscera.  The 
heart,  a  thoracic  viscus,  is  best  con^^j  ^j^j^  ^j^^  vascular  system.  The  rest 
of  the  viscera  may  be  grouped  accorc  ^^  ^j^^j^.  functions:  (a)  the  respiratory 
apparatus;  (6)  the  digestive  apparatus;  ^^^  ^^  urogenital  apparatus.  Strictly 
speakmg,  the  third  subgroup  should  j^j^  ^^^j^  ^^^j^  components  of  the 
urogenital  apparatus  as  are  included  w  ^  ^^^  abdominopelvic  cavity,  but  it 


32  INTRODUCTION 

is  convenient  to  study  under  this  heading  certain  parts  which  lie  in  relation   ti> 
the  surface  of  the  body,  e.  g.,  the  testes  and  the  external  organs  of  generatioi. 

For  descriptive  purposes  the  body  is  supposed  to  be  in  the  erect  posture,  A^ith 
the  ^rms  hanging  by  the  sides  and  the  palms  of  the  hands  directed  forward.  The 
median  plane  is  a  vertical  antero-posterior  plane,  passing  through  the  centreof  the 
trunk.  This  plane  will  pass  approximately  through  the  sagittal  suture  of  tU  skull, 
and  hence  any  plane  parallel  to  it  is  termed  a  sagittaJ  plane,  A  vertical  Jane  at 
right  angles  to  the  median  plane  passes,  roughly  speaking,  through  th^  central 
part  of  the  coronal  suture  or  through  a  line  parallel  to  it;  such  a  plane  is^nown  as 
a  frontal  plane  or  sometimes  as  a  coronal  plane,  A  plane  at  right  ang^s  to  both 
the  median  and  frontal  planes  is  termed  a  tran^erse  plane. 

The  terms  anterior  or  ventral ^  and  posterior  or  dorsal,  are  employed  to  indicate 
the  relation  of  parts  to  the  front  or  back  of  the  body  or  limbs,  a/d  the  terms 
superior  or  cephalic,  and  inferior  or  caudal,  to  indicate  the  relative  le\A^  of  different 
structures;  structures  nearer  to  or  farther  from  the  median  plane  ai:^  referred  to  as 
medial  or  lateral  respectively. 

The  terms  superficial  and  deep  are  strictly  confined  to  def^iptions  of  the 
relative  depth  from  the  surface  of  the  various  structures;  extfnal  and  internal 
are  reserved  almost  entirely  for  describing  the  walls  of  caA/ties  or  of  hollow 
viscera.  In  the  case  of  the  limbs  the  words  proximal  sniddistal  refer  to  the 
relative  distance  from  the  attached  end  of  the  limb. 


DESCRIPTIVE  AND  APPLIED  ANATOMY. 
HISTOLOGY. 


THE  ANIMAL  CELL   (Fig.  1). 

A  LL  the  tissues  and  organs  of  the  body  originate  from  a  microscopic  structure 
-^  (the  tertUized  ovam),  which  consists  of  a  soft  jelly-like  material  enclosed  in  a 
membrane  and  containing  a  vesicle  or  small  spherical  body  inside  which  are  one 
or  more  denser  spots.  This  may  be  regarded  as  a  complete  cell.  All  the  solid 
tissues  consist'  largely  of  cells  essentially  similar  to  it  in  nature  hut  differing  in 
external  form. 


Ctntfoaomt.  contieting  of  ce 
iTOtvhert  endoBiTig  lia>  ce 


Sei-kaot  of  chrcmalia  form- 
ing a  paeudo-ntattoliu 
Ckromalin  ncticork 


Celi-iHtlitaiotu  {paraplatm) 


Pio.  1.— DiHBTWn  of  a  ebU.    (Modified  from  Wilaoo.) 

In  the  higher  organisms  a  cell  may  he  defined  as  "a  nucleated  mass  of  proto- 
plasm of  microscopic  si2e."  Its  two  essentials,  therefore,  are:  a  soft  jelly-like 
material,  similar  to  that  found  in  the  ovum,  and  usually  styled  protoplasm,  and  a 
small  spherical  bod\-  imbedded  in  it,  and  termed  a  micleus.  Some  of  the  unicellular 
protozoa  contain  no  nuclei  but  granular  particles  which,  like  true  nuclei,  stain  with 
basic  dyes.  The  other  constituents  of  the  ovum,  viz.,  its  limiting  membrane  and 
the  denser  spot  contained  in  the  nucleus,  called  the  nucleolus,  are  not  essential  to 
the  type  cell,  and  in  fact  many  celts  exist  without  them. 

Protoplasm  {cytoplasm)  is  a  material  probably  of  variable  constitution  during 
life,  but  yielding  on  its  disintegration  bodies  chiefly  of  proteid  nature.  Lecithin 
and  cholesterin  are  constantly  found  in  it,  as  well  as  inorganic  salts,  chief  among 
which  are  the  phosphates  and  chlorides  of  potassium,  sodium,  and  calcium.  It  is 
of  a  semifluid  viscicJ  consistence,  and  in  the  living  condition  appears  to  be  homo- 
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geneous  and  structureless.  When,  however,  cells  have  been  "fixed"  by  reagent^ 
a  fibrillar  or  granular  appearance  can  often  be  made  out  under  a  high  power  of  the 
microscope.  The  fibrils  are  usually  arranged  in  a  network  or  reticulum,  to  which 
the  term  spongioplasm  is  applied,  the  clear  substance  in  the  meshes  being  termed 
hyaloplasm.  A  granular  appearance  is  often  caused  by  the  knots  of  the  netw^ork; 
but,  in  addition  to  these,  protoplasm  frequently  contains  true  granules,  some  of 
which  are  proteid  in  nature  and  probably  essential  constituents;  others  are  fat, 
glycogen,  or  pigment  granules,  and  are  regarded  as  adventitious  material  taken  in 
from  without,  and  hence  are  styled  cell-inclusions  or  paraplasm.  The  size  and  shape 
of  the  meshes  of  the  spongioplasm  vary  in  different  cells  and  in  different  parts  of 
the  same  cell.  The  relative  amounts  of  spongioplasm  and  hyaloplasm  also  vary 
in  different  cells,  the  latter  preponderating  in  the  young  cell  and  the  former  in- 
creasing at  the  expense  of  the  hyaloplasm  as  the  cell  grows.  The  peripheral  layer 
of  a  cell  is  in  all  cases  modified,  either  by  the  formation  of  a  definite  cell  membrane 
as  in  the  ovum,  or  more  frequently  in  the  case  of  animal  cells,  by  a  transformation, 
probably  chemical  in  nature,  which  is  only  recognizable  by  the  fact  that  the  surface 
of  the  cell  behaves  as  a  semipermeable  membrane. 

Nucleus. — ^The  nucleus  is  a  minute  body,  imbedded  in  the  protoplasm,  and 
usually  of  a  spherical  or  oval  form,  its  size  having  little  relation  to  that  of  the  cell. 
It  is  surrounded  by  a  well-defined  wall,  the  nuclear  membrane;  this  encloses  the 
nuclear  substance  {nuclear  matrix)  y  which  is  composed  of  a  homogeneous  material 
or  karyoplasm  containing  a  network  or  karyomitome.  The  former  is  probably  of 
the  same  nature  as  the  hyaloplasm  of  the  cell,  but  the  latter,  which  forms  also  the 
wall  of  the  nucleus,  differs  from  the  spongioplasm  of  the  cell  substance.^  It  con- 
sists of  fibres  or  filaments  arranged  in  a  reticular  manner.  These  filaments  are 
composed  of  a  homogeneous  material  known  as  linin,  which  stains  with  acid  dyes 
and  contains  embedded  in  its  substance  particles  which  have  a  strong  affinity 
for  basic  dyes.  These  basiphil  granules  have  been  named  chromatin  or  basichromatin 
and  owe  their  staining  properties  to  the  presence  of  nucleic  acid. 

Within  the  nuclear  matrix  are  one  or  more  highly  refracting  bodies,  termed 
nucleoli,  connected  with  the  nuclear  membrane  by  the  nuclear  filaments.  They 
are  regarded  as  being  of  two  kinds.  Some  are  mere  local  condensations  ("net- 
knots")  of  the  chromatin;  these  are  irregular  in  shape  and  are  termed  pseudo- 
nucleoli;  others  are  distinct  bodies  differing  from  the  pseudo-nucleoli  both  in  nature 
and  chemical  composition;  they  may  be  termed  true  nucleoli,  and  are  usually  found 
in  resting  cells.    The  true  nucleoli  are  oxyphil,  i.  e.,  they  stain  with  acid  dyes. 

Most  living  cells  contain,  in  addition  to  their  protoplasm  and  nucleus,  a  small 
particle  which  usually  lies  near  the  nucleus  and  is  termed  the  centrosome.  In  the 
middle  of  the  centrosome  is  a  minute  body  called  the  centriole,  and  surrounding  this 
is  a  clear  spherical  mass  known  as  the  centrosphere.  The  protoplasm  surround- 
ing the  centrosphere  is  frequently  arranged  in  radiating  fibrillar  rows  of  granules, 
forming  what  is  termed  the  attraction  sphere. 

Reproduction  of  Cells. — Reproduction  of  cells  is  eflFected  either  by  direct  or  by 
indirect  division.  In  reproduction  by  direct  division  the  nucleus  becomes  constricted 
in  its  centre,  assuming  an  hour-glass  shape,  and  then  divides  into  two.  This  is  fol- 
lowed by  a  cleavage  or  division  of  the  whole  protoplasmic  mass  of  the  cell;  and  thus 
two  daughter  cells  are  formed,  each  containing  a  nucleus.  These  daughter  cells  are 
at  first  smaller  than  the  original  mother  cell;  but  they  grow,  and  the  process 
may  be  repeated  in  them,  so  that  multiplication  may  take  place  rapidly.  Indirect 
divsion  or  karyokinesis  (karyomiiosis)  has  been  observed  in  all  the  tissues — genera- 
tive cells,  epithelial  tissue,  connective  tissue,  muscular  tissue,  and  nerve  tissue. 
It  is  possible  that  cell  division  may  always  take  place  by  the  indirect  method,  and 
that  in  those  cases  in  which  direct  division  has  been  described  the  intermediate  stages 
may  not  have  been  seen,  owing  to  the  process  occurring  more  rapidly  than  usual. 
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The  process  of  indirect  ceil  division  is  characterized  by  a  series  of  complex 
changes  in  t"he  nucleus,  leading  to  its  subdivision;  this  is  followed  by  cleavage 
of  the  cell  protoplasm.  Starting  with  the  nucleus  in  the  quiescent  or  resting  stage, 
these  changes  may  be  briefly  grouped  under  the  four  following  phases  (Fig.  2), 


Pio.  2. — DiBsram  a 

1.  Prophase. — The  nuclear  network  of  chromatin  filaments  assumes  the  form 
of  a  twisted  skein  or  sjnrem,  while  the  nuclear  membrane  and  nucleolus  disappear. 
The  convoluted  skein  of  chromatin  divides  into  a  definite  number  of  V-shaped 
segments  or  ctaromogomes.  The  number  of  chromosomes  varies  in  different  animals, 
but  is  constant  for  all  the  cells  in  an  animal  of  any  given  species;  in  man  the  number 
is  given  by  Flemming  and  Duesberg  as  twent;--four.'  Coincidently  with  or  pre- 
ceding these  changes  the  centriole,  which  usually  lies  by  the  side  of  the  nucleus, 
undergoes  subdivision,  and  tlie  two  resulting  centrioles,  each  surrounded  by  a 
centrosphere,  are  seen  to  be  connected  by  a  spindle  of   delicate  achromatic  fibres 

1  Dr,  J.  Due«berg,  Anst.  Ani„  Band  iiviii,  S.  175, 
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the  achromatic  spindle.  The  centrioles  move  away  from  each  other — one  toward 
either  extremity  of  the  nucleus — and  the  fibrils  of  the  achromatic  spindle  are  cor- 
respondingly lengthened.  A  line  encircling  the  spindle  midway  between  its  ex- 
tremities or  poles  is  named  the  equator,  and  around  this  the  V-shaped  chromosomes 
arrange  themselves  in  the  form  of  a  star,  thus  constituting  the  mother  star  or 
monaster. 

2.  Metaphase.  —  Each  V-shaped  chromosome  now  undergoes  longitudinal 
cleavage  into  two  equal  parts  or  daughter  chromosomes,  the  cleavage  commencing 
at  the  apex  of  the  V  and  extending  along  its  divergent  limbs.  The  daughter 
chromosomes,  thus  separated,  travel  in  opposite  directions  along  the  fibrils  of 
the  achromatic  spindle  toward  the  centrioles,  around  which  they  group  themselves, 
and  thus  two  star-like  figures  are  formed,  one  at  either  pole  of  the  achromatic 
spindle.    This  constitutes  the  diaster. 

3.  Anaphase. — ^The  daughter  chromosomes  now  arrange  themselves  into  a 
skein  or  spirem,  and  eventually  form  the  network  of  chromatin  which  is  character- 
istic of  the  resting  nucleus.  The  nuclear  membrane  and  nucleolus  are  also  differ- 
entiated during  this  phase.  The  cell  protoplasm  begins  to  appear  constricted 
around  the  equator  of  the  achromatic  spindle,  where  double  rows  of  granules  are 
also  sometimes  seen.  The  constriction  deepens  and  the  original  cell  gradually 
becomes  divided. 

4.  Telophase. — In  this  stage  the  cell  is  completely  divided  into  two  new  cells, 
each  with  its  own  nucleus  and  centrosome,  which  assume  the  ordinary  positions 
occupied  by  such  structures  in  the  resting  stage. 

EPITHELIUM. 

All  the  surfaces  of  the  body — the  external  surface  of  the  skin,  the  internal 
surfaces  of  the  digestive,  respiratory,  and  genito-urinary  tracts,  the  closed  serous 
cavities,  the  inner  coats  of  the  vessels,  the  acini  and  ducts  of  all  secreting  and  ex- 
creting glands,  the  ventricles  of  the  brain  and  the  central  canal  of  the  medulla 
spinalis — ^are  covered  by  one  or  more  layers  of  simple  cells,  called  epithelium  or 
epithelial  cells.  These  cells  are  also  present  in  the  terminal  parts  of  the  organs 
of  special  sense,  and  in  some  other  structures,  such  as  the  hypophysis  cerebri 
and  the  thyroid  gland.  They  serve  various  purposes,  in  some  cases  forming  a 
protective  layer,  in  others  acting  as  agents  in  secretion  and  excretion,  and  again 
in  others  being  concerned  in  the  elaboration  of  the  organs  of  special  sense.  Thus, 
in  the  skin,  the  main  purpose  served  by  the  epithelium  (here  called  the  epidermis)  is 
that  of  protection.  As  the  surface  is  worn  away  by  the  agency  of  friction  new  cells 
are  supplied,  and  thus  the  true  skin  and  the  vessels  and  nerves  which  it  contains 
are  defended  from  damage.  In  the  gastro-intestinal  mucous  membrane  and  its 
glands,  the  epithelial  cells  appear  to  be  the  principal  agents  in  preparing  the  diges- 
tive secretions,  and  in  selecting  and  modifying  materials  for  absorption.  In  other 
situations  (as  the  nose,  fauces,  and  respiratory  passages)  an  important  oflSce  of 
the  epithelial  cells  appears  to  be  to  maintain  an  equable  temperature  by  the 
moisture  with  which  they  keep  the  surface  always  slightly  lubricated.  In  the 
serous  cavities  they  also  keep  the  opposed  layers  moist,  and  thus  facilitate  their 
movements  on  each  other.  Finally,  in  all  internal  parts,  they  ensure  a  perfectly 
smooth  surface. 

Epithelium  consists  of  one  or  more  layers  of  cells  usually  supported  on  a  base- 
ment membrane  and  united  together  by  an  interstitial  cement  substance  which 
appears  to  be  similar  in  chemical  composition  to  the  matrix  or  ground  substance 
of  the  connective  tissues.  It  is  naturally  grouped  into  two  classes  according  as 
to  whether  there  is  a  single  layer  of  cells  (simple  epithelium),  or  more  than  one 
(stratified  epithelium  and  transitional  epithelium). 
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Simple  Epifhelium. — ^The  different  varieties  of  simple  epithelium  are  squamous 
or  pavement,  columnar,  glandular,  and  ciliated. 

Simple  Squamous  or  Pavement  Epithelium  (Fig.  3)  is  composed  of  fiat,  nucleated 
scales  of  different  shapes,  usually  polygonal,  and  varying  in  size.  These  cells  fit 
together  by  their  edges,  like  the  tiles  of  a  mosiac  pavement.  The  nucleus  is  gen- 
erally flattened,  but  may  be  spheroidal;  the  flattening  depends  upon  the  thinness 
of  the  cell.  The  protoplasm  of  the  cell  presents  a  fine  reticulum  or  honey-combed 
network,  which  gives  to  the  cell  the  appearance  of  granulation.  This  kind  of  epi- 
thelium fonns  the  lining  of  the  air-sacs  of  the  lungs.  The  so-called  endotheliimi, 
which  covers  the  serous  membranes,  and  which  lines  the  heart,  bloodvessels,  and 
lymphatics,  is  also  of  the  pavement  type,  being  composed  of  a  single  layer  of 
flattened  transparent  squamous  cells,  joined  edge  to  edge  in  such  a  manner  as 
to  form  a  membrane  of  cells. 


Fia.  3. — Simple  pavement  epithelium. 


Fio.  4. — Columnar  epithelial  cells  of   the  rabbit's  intes- 
tine.    (Sch&fer.)     ttr,  striated  border;  n,  nucleus. 


Columnar  or  Cylindrical  Epitheliimi  (Fig.  4)  is  formed  of  cylindrical  or  rod-shaped 
cells  set  together  so  as  to  form  a  complete  layer,  resembling,  when  viewed  in  pro- 
file, a  palisade.  The  cells  have  a  prismatic  figure,  flattened  from  mutual  pressure, 
and  are  set  upright  on  the  surface  on  which  they  are  supported.  Their  protoplasm 
is  always  more  or  less  reticulated,  and  fine  longitudinal  striae  may  be  seen  in  it; 
the  nucleus  of  each  is  oval  in  shape  and  contains  an  intranuclear  network.  In 
the  case  of  the  intestinal  villi,  the  outer  free  border  of  each  of  these  cells  is  dis- 
tinctly marked  off  from  the  rest  of  the  protoplasm,  and  contains  well-defined 
vertical  striations.  Columnar  epithelium  covers  the  mucous  membrane  and 
nearly  the  whole  gastro-intestinal  tract  and  its  glands,  the  greater  part  of  the 
male  urethra,  the  ductus  deferens,  the  prostate,  the  bulbo-urethral  glands  of 
Cowper,  and  the  vestibular  glands  of  Bartholin.  In  a  modified  form  it  also 
covers  the  ovary. 

Goblet  or  chalice  cells  are  modified  columnar  cells.  The  goblet  cell  appears  to 
be  formed  by  an  alteration  in  shape  of  a  columnar  cell  (ciliated  or  otherwise)  con- 
sequent on  the  formation  of  granules,  which  consist  of  «t  substance  called  mucigen, 
in  the  interior  of  the  cell.  This  distends  the  upper  part  of  the  cell,  while  the  nucleus 
is  pressed  down  toward  its  deep  part,  until  the  cell  bursts  and  the  mucus  is  dis- 
charged on  to  the  surface  of  the  mucous  membrane  (Fig.  5),  the  cell  then  assuming 
the  shape  of  an  open  cup  or  chalice. 

Glandular  Epithelium  (Fig.  6)  is  composed  of  polyhedral,  columnar,  or  cubical 
cells.  As  in  other  forms  of  epithelial  cells,  the  protoplasm  shows  a  fine  reticulum, 
which  gives  to  the  cells  the  appearance  of  granulation.  Granular  cells  are  found 
in  the  terminal  recesses  of  secreting  glands,  and  the  protoplasm  of  the  cells  usually 
contains  the  materials  which  the  cells  secrete. 

Ciliated  Epithelium  (Fig.  7)  generally  inclines  to  the  columnar  shape.  It  is  dis- 
tinguished by  the  presence  of  minute  processes,  like  hairs  or  eyelashes  (cilia) 
standing  up  from  the  free  surface.    The  cilia  (Fig.  8)  at  their  points  of  attachment 
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to  the  free  border  of  the  cell  possess  small  nodular  enlargemeitts  (bual  knobs  of 
Enfelmum);  within  the  cell  they  converge,  and  according  to  some  authorities  meet 
at  or  near  the  attraction  sphere.  If  the  cells  be  examined  during  life  or  immediately 
on  removal  from  the  living  body  (for  which  in  the  human  subject  the  removal 
of  a  nasal  polypus  offers  a  convenient  opportunity)  in  a  weak  solution  of  salt, 
the  cilia  will  be  seen  in  lashing  motion;  and  if  the  cells  be  separated,  they  will  often 
be  seen  to  be  moved  about  in  the  field  by  this  ciliary  action. 


Fio.  S.— Qoblet  oalli  of  froi 


I  epitbelinm  Irom  tnebei  of  kitten.     X  2S5. 


Fia.  8.— iMteled  ci 


T\a.  0, — 8(iftti6ad  etritfaellum  from  tha  ntofitiKui. 


The  situations  in  which  ciliated  epithelium  is  found  in  the  human  body  are: 
the  respiratory  tract  from  the  nose  downward  to  the  smallest  ramifications  of 
the  bronchial  tubes,  except  the  lower  part  of  the  pharynx  and  the  surfaces  of 
the  vocal  folds;  the  tympanic  cavity  and  auditory  tube;  the  uterine  tube  and  the 
body  of  the  uterus;  the  vasa  efferentia,  coni  vasculosi  and  the  first  part  of  the 
ductus  deferens;  the  ventricles  of  the  brain  and  the  central  canal  of  liie  medulla 
spinalis. 
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Stntifled  EpUheliam  (Fig.  9). — Stratified  epithelium  coasists  of  several  layers 
of  cells  varying  greatly  in  shape.  The  cells  of  the  deepest  layer  are  for  the  most 
part  columnar,  and  are  placed  vertically  on  the  basement  membrane;  above  these 
Me  several  layers  of  polyhedral  cells,  which  as  they  approach  the  surface  become 
more  and  more  compressed,  until  the  superficial  ones  are  found  to  consist  of  fat- 
tened scales  (Fig.  10),  the  margins  of  which  overlap  one  another  so  as  to  present 
an  imbricated  appearance.  The  protoplasm  of  the  superficial  cells  is  completely 
converted  into  a  horny  substance  termed  keratin.  An  intermediate  body,  eleidin, 
is  often  present  in  the  deeper  layers  of  this  superficial  portion;  it  exists  in  the  form 
of  coarse  granules,  and  is  especially  well  seen  in  the  stratum  granulosum  of  the 
epidermis  (Fig.  11).  The  most  superficial  layers  lose  their  nuclei,  die,  and  are 
thrown  or  worn  off. 


Fio.  10. — Epithelial  obUs  trom  the  onJ  cavity  ol  man.     X  3S0.    a.  large:  6.  nilddls  siied:c  ths  suiw  villi  two  Duelei. 
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Fio.  11. — Potion  ol  ej 


ie  fioAer.     (R&nviflT.) 


The  cells  of  the  deeper  layers  of  stratified  squamous  epithelium  are  called  prickla 
cells;  they  possess  short,  fine  fibrils,  which  pass  from  their  margins  to  those  of 
neighboring  cells,  serving  to  connect  them  together.  They  are  not  closely  joined 
together  by  cement-substance,  but  are  separated  from  each  other  by  intercellular 
channels,  across  which  the  fibrils  may  be  seen  bridging.  When  a  cell  is  isolated, 
it  appears  to  be  covered  over  with  a  number  of  short  spines,  in  consequence  of  the 
fibrils  being  broken  through.  These  cells  were  first  described  by  Max  Schultze 
and  Virchow,  and  it  was  believed  by  them  that  the  cells  were  dovetailed  together. 
Martyn  subsequently  showed  that  this  was  not  the  case  and  that  the  prickles  were 
attached  to  each  other  by  their  apices;  and  Delepine  believes  the  prickles  to  be 
parts  of  fibrils  forming  internuclear  bundles  between  the  nuclei  of  the  cells  of  an 
epithelium  in  a  state  of  active  growth. 
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Stratified  epithelium  is  found  in  the  akin,  in  the  conjunctiva,  in  the  mucous 
membrane  of  the  nose,  excepting  the  olfactorj'  portion,  and  in  the  mucous  membrane 
of  the  mouth,  lower  part  of  the  pharynx,  and  oesophagus. 

Transhioital  Cpithelium. — Transitional  epithelium  occurs  in  the  ureters  and 
urinary  bladder.  Here  the  cells  of  the  most  superficial  layer  are  large  and  flat- 
tened, with  depressions  on  their  under 
surfaces,  to  fit  on  to  the  rounded  ends 
of  the  cells  of  the  second  layer,  which 
are  pear-shaped,  the  apices  touching  the 
basement  membrane,  Between  the 
tapering  points  of  the  cells  of  the  second 
layer  is  a  third  variety  of  cells  of  smaller 
size  than  those  of  the  other  tw'o  lajers 

Tto.  12.— Trsnaitional  epitheKuro.  (Fig.  12). 
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'Hie  term  connectiTe  tisane  includes  a  number  of  tissues  which  support  and  con- 
nect the  other  tissues  of  the  body;  they  are  composed  of  cells  separated  from 
one  another  by  an  intercellular  material.  The  connective  tissues  may  differ  con- 
siderably from  each  other  in  appearand,  but  they  present  many  points  of  relation- 
ship, and  are,  moreover,  developed  from  the  same  layer  of  the  embryo,  the  meso- 
derm. They  are  divided  into  three  great  groups:  (I)  the  connectiTe  tissues  proper, 
(2)  cartUagfl,  and  (3)  bone.  The  circulating  fluids,  although  functionally  and  prob- 
ably developmentally  different  from  the  others,  are  regarded  bj-  some  histologlsts 
as  a  form  of  connective  tissue,  and  are  dealt  with  therefore  in  this  section. 

The  Connective  Tissues  Proper. — Several  varieties  of  connective  tissue  are 
recognized:  (1)  Areolar  tissue.  (2)  White  fibrous  tissue.  (3)  Tellor  elastic  tissue. 
(4)  Mucous  tissue.  (5)  Retilorm  tissue.  They  are  all  composed  of  a  homogeneous 
matrix,  in  which  are  imbedded  cells  and  fibres — the  latter  of  two  kinds,  white, 
and  yellow  or  elastic.  The  distinction  between  the  different  varieties  depends 
upon  the  relative  preponderance  of  one  or  other  kind  of  fibre,  of  cells,  or  of 
matrix. 

Areolar  Tissae. — This  is  so  called  because  its  meshes  can  be  easily  distended 
with  air  or  fluid  and  thus  separated  into  areolse  or  spaces,  which  open  freely  into 
each  other.  Such  spaces,  however,  do  not  exist  in  the  natural  condition  of  the  body, 
the  whole  tissue  forming  one  unbroken  membrane  composed  of  a  number  of  inter- 
lacing fibres.  The  chief  use  of  areolar  tissue  is  to  bind  parts  together,  while  by 
the  laxity  of  its  fibres,  and  the  permeability  of  its  areolse,  it  allows  them  to  move 
on  each  other,  and  affords  a  ready  exit  for  inflammatory  and  other  effused  fluids. 
It  is  quite  the  most  extensively  distributed  of  all  the  tissues.  It  is  found  beneath 
the  skin  in  a  continuous  layer  all  over  the  body,  connecting  it  to  the  subjacent  parts. 
In  the  same  way  it  is  situated  beneath  the  mucous  and  serous  membranes.  It  is 
also  found  between  muscles,  vessels,  and  nerves,  forming  investing  sheaths  for 
them,  and  connecting  them  with  surrounding  structures.  In  addition  to  this  it 
is  present  in  the  interior  of  organs,  binding  together  the  various  lobes  and  lobules  of 
the  compound  glands,  the  various  coats  of  the  hollow  viscera,  the  fibres  of  muscles, 
etc.,  and  thus  forms  the  most  important  connecting  medium  of  the  various  struc- 
tures or  organs  of  which  the  body  is  made  up.  In  many  parts  the  areolie  or  inter- 
spaces of  areolar  ti.ssue  are  occupied  b>'  fat  cells,  constituting  adipose  tissue,  which 
will  presently'  be  described. 

Areolar  tissue  presents  to  the  naked  eye  an  appearance  somewhat  like  spun 
silk.     When  stretched  out,  it  is  seen  to  consist  of  delicate  soft  elastic  threads 
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interlacing  with  each  other  in  every  direction,  and  forming  a  network  of  extreme 
delicacy.  When  examined  under  the  microscope  (Fig.  13)  it  is  found  to  be  com- 
posed of  white  fibres  and  yellow  elastic  fibres  intercrossing  in  all  directions,  and 
united  together  by  a  homogeneous  cement  or  ground  substance,  the  matrix, 
showing  cell-spaces  wherein  lie  the  connective  tissae  corpuscles;  these  contain  the 
protoplasm  out  of  which  the  whole  is  developed  and  regenerated. 


The  white  fibres  are  arranged  in  wavy  bands  or  bundles  of  minute  transparent 
homogeneous  filaments  or  fibrillfe.  The  bundles  have  a  tendency  to  split  up 
longitudinally  or  send  off  slips  to  join  neighboring  bundles,  and  receive  others 
in  return,  but  the  individual  fibres  are  unbranched,  and  never  join  other  fibres. 
The  yellow  elastic  fibres  have  well-defined  outlines  and  are  considerably  larger 
in  size  than  the  white  fibrillte,  but  vary  much,  being  from  1  to  6;i  ii\  diameter. 
They  form  bold  and  wide  curves,  branch,  and  freely  anastomose  with  each  other; 
they  are  homogeneous  in  appearance,  and  tend  to  curl  up,  especially  at  their 
broken  ends. 

The  cells  of  areolar  tissue  are  of  four  principal  kinds:  (1)  Flattened  lamellar 
cells,  which  may  be  either  branched  or  unbranched.  The  branched  lamellar  cells 
are  composed  of  clear  cytoplasm,  and  contain  oval  nuclei;  the  processes  of  these 
cells  may  unite  so  as  to  form  an  open  network,  as  in  the  cornea.  The  unbranched 
ceils  are  joined  edge  to  edge  like  the  cells  of  an  epithelium;  the  "  tendon  cells,"  pres- 
ently to  be  described,  are  examples  of  this  variety.  (2)  Clasnutocytes,  large  irregular 
c-ells  characterized  by  the  presence  of  granules  or  vacuoles  in  their  protoplasm, 
and  containing  oval  nuclei.  (3)  Orsnule  cells  (Mastzellen),  which  are  ovoid  or 
spheroidal  in  shape.  They  are  formed  of  a  soft  protoplasm,  containing  granules 
which  are  basiphil  in  character.  (4)  Plasma  cells  of  \Valde\er,  usually  spheroidal 
and  distinguished  by  containing  a  vacuolated  protoplasm.    The  vacuoles  are  filled 
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with  fluid,  and  the  protoplasm  between  the  spaces  13  clear,  with  occasionally  a  few 
scattered  basiphil  granules. 

In  addition  to  these  four  typical  forms  of  connective-tissue  corpuscles,  areolar 
tissue  may  be  seen  to  possess  vuidering  cells,  i.  e.,  leucocytes  which  have  emigrated 
from  the  neighboring  vessels;  in  some  instances,  as  in  the  choroid  coat  of  the  eye, 
cells  filled  with  granules  of  pigment  (pigment  cells)  are  found. 

The  cells  lie  in  spaces  in  the  ground  substance  between  the  bundles  of  fibres, 
and  these  spaces  may  be  brought  into  view  by  treating  the  tissue  with  nitrate  of 
silver  and  exposing  it  to  the  light.  This  will  color  the  ground  substance  and  leave 
the  cell-spaces  unstained. 

Adipose  Tisane. — In  almost  all  parts  of  the  body  the  ordinary  areolar  tissue 
contains  a  variable  quantity  of  fat.  The  principal  situations  where  it  is  not  found 
are  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis  and  scrotum,  of  the  labia 
minora;  within  the  cavity  of  the  cranium;  and  in  the  lungs,  except  near  their 
roots.  The  distribution  of  adipose  tissue  is  not  uniform;  in  some  parts  it  is  in 
great  abundance,  as  in  the  subcutaneous  tissue,  especially  of  the  abdomeu,  around 
the  kidneys,  and  in  some  other  situations.  Lastly,  fat  enters  largely  into  the  for- 
mation of  the  marrow  of  bones. 


Adipose  tissue  consists  of  small  vesicles,  tat  cells,  lodged  in  the  meshes  of  areolar 
tissue.  Fat  cells  (Fig.  14)  vary  in  size,  but  are  of  about  the  average  diameter  of 
50p;  each  consists  of  an  exceedingly  delicate  protoplasmic  membrane,  filled  with 
fatty  matter,  which  is  liquid  during  life,  but  becomes  solidified  after  death.  They 
are  round  or  spherical  where  they  have  not  been  subjected  to  pressure;  otherwise 
they  assume  a  more  or  less  polygonal  outline.  A  nucleus  is  always  present  under 
the  cell  membrane  and  can  be  easily  demonstrated  by  staining  with  hematoxylin; 
in  the  natural  condition  it  is  so  compressed  by  the  contained  oily  matter  as  to  be 
scarcely  recognizable.  The  fat  cells  are  contained  in  clusters  in  the  areolae  of  fine 
connective  tissue,  and  are  held  together  mainly  by  the  network  of  capillary  blood- 
vessels which  is  distributed  to  them. 

Chemically  the  oily  material  in  the  cells  is  composed  of  the  fats,  olein,  palmitin, 
and  stearin,  which  are  glycerin  compounds  with  fatty  acids.  Sometimes  fat 
crj'stals  form  in  the  cells  after  death  (Fig.  14,  a).  By  boiling  the  tissue  in  ether  or 
strong  alcohol  the  fat  may  be  extracted  from  the  vesicles,  leaving  them  empty 
and  shrunken. 

Fat  may  be  first  detected  in  the  human  embryo  about  the  fourteenth  week. 
The  fat  cells  are  formed  by  the  transformation  of  connective-tissue  corpuscles. 
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Small  droplets  of  oil  are  fonned  in  the  protoplasm,  and  these  coalesce  to  produce  a 
lai^r  drop,  which  increases  until  it  distends  the  corpuscles,  the  remaining  proto- 
plasm and  the  nucleus  being  displaced  toward  the  periphery  of  the  cell  (Fig.  15). 


Plo.  13.— Development  Df  fat.  (KLeinuid  NablgSmith) 
a,  nuDuU  iirtcTy:  ■,  miDutfl  vela:  r.  capLllaiy  bloodveflaelfl 
in  the  eoune  ol  tormalioo ;  they  »re  not  yel  completely  hol- 
loved  oat.  there  being  HtiU  left  in  them  protopLaJmie  Mpt4; 

•ome  of  which  are  more  diitinoUr  bruiched  tad  flattened 
than  othen,  *nd  appear  ihenlore  man  apiodlfr^haped. 


Fia,  IT.— TaodoD  of  mouae'a  tail,  eWined 
irith  UOKVood,  ihowing  cbatmlof  eelli  be- 
twealthe  t«ul<in  bundlaa.  (From  Quain'a 
"Aualomr."     B.  A.  Schlfer.) 

White  Fibrona  Tiune  (Fig.  16)  is  a  true  connecting  structure,  and  ser\'es  three 
purposes  in  the  animal  economy.  In  the  form  of  ligaments  it  binds  bones  together; 
in  the  form  of  tendons  it  connects  muscles  to  bones  or  other  structures;  and  it 
constitutes  investing  or  protecting  structures  to  various  organs  in  the  form  of 
membranes.  Examples  of  such  membranes  are  to  be  found  in  the  muscular  fasctte 
or  sheaths,  the  periosteum,  and  the  perichondrium;  the  investments  of  the  various 
glands  (such  as  the  tunica  albuginea  testis,  the  capsule  of  the  kidney,  etc.);  the 
investing  sheaths  of  the  nerves  {epineurium),  and  of  various  organs,  as  the  penia 
and  the  eye.    In  white  fibrous  tissue,  as  its  name  implies,  the  white  fibres  predomi- 
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nate;  the  matrix  is  apparent  only  as  a  cement-substance,  the  yellow  elastic  fibres 
are  comparatively  few,  while  the  tissue  cells  are  arranged  In  a  special  manner 
It  presents  to  the  naked  eye  the  appearance  of  silvery  white  glistening  fibres 
covered  over  with  a  quantity  of  loose  floeculent  tissue  which  binds  the  fibres^ 
together  and  carries  the  bloodvessels.    It  is  not  possessed  of  any  elasticity,  and  onI>' 
the  very  slightest  extensibility;  it  is  exceedingly  strong,  so  that  upon  the  applica- 
tion of  anj-  externa!  violence,  a  bone  with  which  it  is  connected  may  fracture 
before  the  fibrous  tissue  gives  way.    In  ligaments  and  tendons  the  bundles  of  fibres 
run  parallel  with  each  other;  in  membranes  they  intersect  one  another.    The  cells 
found  in  white  fibrous  tissue  are  often  called  tendon  cells.    They  are  situated  on 
the  surfaces  of  groups  of  bundles  and  are  quadrangular  in  shape,  arranged  in  rows, 
in  single  file,  each  cell  being  separated  from  its  neighbors  by  a  narrow  line  of  cement- 
substance.    The  nucleus  is  generally  situated  at  one  end  of  the  cell,  the  nucleus 
of  the  adjoining  cell   being   in   close   proximity   to  it 
(Fig.   17).     The  tendon  ceils  have  wing-like  processes 
which  pass  between  the  bundles  of  fibres,  giving  a   stel- 
late appearance  in  transverse  section  (Fig.  18).    Upon 
the  addition  of  acetic  acid  white  fibrous   tissue   swells 
up  into  a  glassy  looking  indistinguishable  mass.     When 
boiled    in    water    it   is   converted    almost   completely 
into  gelatin,  the  white  fibres   being  composed  of  the 
albuminoid  collsKen,   which  is  often   regarded  as  the 
anhydride  of  gelatin. 

Tellaw  Elastic  Tusne. — In  certain  parts  of  the  body  a 

tissue  is  found  which  when  viewed  in   mass   is  of  a 

yellowish  color,  and  is  possessed  of  great  elasticity,  so 

that  it  is  capable  of  considerable  extension,  and  when 

the  extending  force  is  withdrawn  returns  at  once  to  its 

original  condition.    This  is  yellow  elastic  tisane;  it  may 

Fio  10— EiMtjc  fibres     X  200     ^  regarded  as  a  connective  tissue  in  which  the  jellow 

(Sharpey.)  elastic  fibres  have  developed  to  the  practical  exclusion 

of  the  other  elements.     It  is  found  in  the  ligamenta 

flava,  in  the  vocal  folds,  in  the  mucous  membrane  of  the  trachea  and  bronchi, 

in  the  coats  of  the  bloodvessels,  especially  the   larger  arteries,  and  to  a  very 

considerable  extent  in  the  hyothyroid,  cricothyroid,  and  stylohyoid  ligaments. 

It  is  also  found  in  the  ligamentum  nuchae  of  the  lower  animals  (Fig.  19).    In 

some  parts  where  the  fibres  are  broad  and  large  and  the  network  close,  the  tissue 

presents  the  appearance  of  a  membrane,  with  gaps  or  perforations  corresponding 

to  the  inter\'ening  spaces.    This  is  to  be  found  in  the  inner  coat  of  the  arteries, 

and  to  it  the  name  of  fenestrated  membrane  has  been  given  by  Henle.    The  yellow 

elastic  fibres  remain  unaltered  by  acetic  acid;  chemically'  they  are  composed  of 

the  albuminoid  body  elaetin. 

Mncons  Tissne. — Mucous  tissue  exists  chiefly  in  the  "jelly  of  Wharton,"  which 
forms  the  bulk  of  the  umbilical  cord,  but  is  also  found  in  other  situations  in  the 
fetus,  chiefly  as  a  stage  in  the  de\elopment  of  connective  tissue.  It  consists  of  a 
matrix,  largelj'  made  up  of  mucin,  in  which  are  nucleated  cells  with  branching 
and  anastomosing  processes  (Fig.  20) .  Few  fibres  are  seen  in  typical  mucous  tissue, 
although  at  birth  the  umbilical  cord  shows  a  considerable  development  of  fibres. 
In  the  adult  the  vitreous  humor  of  the  eye  is  a  persistent  form  of  mucous  tissue, 
in  which  there  are  no  fibres,  and  from  which  the  cells  have  disappeared,  leaving 
only  the  mucinous  ground  substance. 

Betiform  or  Beticular  Tissue  (Fig.  21)  is  found  extensively  in  many  parts  of  the 
body,  constituting  the  framework  of  some  organs  and  entering  into  the  construc- 
tion of  many  mucous  membranes.     It  is  a  variety  of  connective  tissue,  in  which 
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the  intercellular  or  gound  substance  has,  in  great  measure,  disappeared,  and  is 
replaced  by  fluid.  It  is  apparently  composed  almost  entirely  of  extremely  fine 
bundles  of  white  fibrous  tissue,  forming  an  intricate  network,  and  chemically  it 
yields  gelatin.  The  fibres  are  covered  and  concealed  in  places  by  flattened  branched 
connective  tissue  cells.  In  many  situations  the  interstices  of  the  network  arfe  filled 
with  rounded  lymph-corpuscles,  and  the  tissue  is  then  termed  lymphoid  or  adenoid 


Fid.  21.— Retifori 


Basement  Membranes,  formerly  described  as  homogeneous  membranes,  are  in 
most  cases  really  a  form  of  connective  tissue.  They  constitute  the  supporting 
membrane,  or  membrana  propria,  on  which  is  placed  the  epithelium  of  mucous 
membranes  or  secreting  glands,  and  they  are  also  found  in  other  situations.     By 
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means  of  staining  with  nitrate,  of  silver  they  may  be  shown  to  consist  usually  of 
flattened  cells  in  close  apposition,  and  joined  together  by  their  edges,  thus  forming 
an  example  of  an  epithelioid  arrangement  of  connective  tissue  cells.  In  some 
situations  the  cells,  instead  of  adhering  by  their  edges,  give  off  branching  processes 
which  join  with  similar  processes  of  other  cells,  and  so  form  a  network  rather  than 
a  continuous  membrane.  Some  basement  membranes  are  composed  of  elastic 
tissue,  as  in  the  cornea,  others  are  merely  condensed  matrix. 

Vessels  and  Nerves  of  ConnectiTe  Tissne.~The  bloodvessels  of  connective  tissue 
are  very  few — that  is  to  say,  there  are  few  actually  destined  for  the  tissue  itself, 
although  many  vessels  carrying  blood  to  other  structures  may  permeate  one  of  its 
forms,  the  areolar  tissue.  In  white  fibrous  tissue  the  bloodvessels  usually  run 
parallel  to  the  longitudinal  bundles  and  between  them,  sending  transverse  com- 
municating branches  across;  in  some  forms,  as  in  the  periosteum  and  dura  mater 
they  are  fairly  numerous.  In  yellow  elastic  tissue,  the  bloodvessels  also  run 
between  the  fibres,  and  do  not  penetrate  them.  Lymphatic  vessels  are  very  numer- 
ous in  most  fonns  of  connective  tissue,  especially  in  the  areolar  tissue  beneath  the 
skin  and  the  mucous  and  serous  surfaces.  They  are  also  found  in  abundance  in 
the  sheaths  of  tendons,  as  well  as  in  the  tendons  themselves.  Nerves  are  to  be 
found  in  the  white  fibrous  tissue,  where  they  end  in  a  special  manner;  but  it  is 
doubtful  whether  any  nerves  end  in  areolar  tissue;  at  all  events,  they  have  not 
yet  been  demonstrated,  and  the  tissue  is  possessed  of  very  little  sensibility. 

Pigment. — In  various  parts  of  the  body  pigment  is  found;  most  frequently  in 
epithelial  cells  and  in  the  cells  of  connective  tissue.  Pigmented  epithelial  cells 
are  found  in  the  external  layer  of  the  retina,  on  the  posterior  surface  of  the  iris, 
in  the  olfactory  region  of  the  nose,  and  in 
the  membranous  labjTinth  of  the  ear.  Pig- 
ment is  likewise  found  in  the  cells  of  the 
deeper  layers  of  the  cuticle  and  in  the  hairs; 
in  the  skin  of  the  colored  races  it  is  abun- 
dantly present,  but  in  the  white  races  it  is 
well-marked  only  in  the  areolae  around  the 
nipples  and  in  uregular  colored  patches. 

In  the  cotmective  tissue  cells  pigment  is 
frequently  met  with  in  the  lower  verte- 
brates. In  man  it  is  found  in  the  choroid 
coat  of  the  eye  (Fig.  22),  and  in  the  iris 
of  all  but  the  light  blue  eyes  and  the  albino. 
It  is  also  occasionally  met  with  in  the  cells 
of  retiform  tissue  and  in  the  pia  mater  of 
the  upper  part  of  the  medulla  spinalis.  The 
,     ,     . .  ,       cells  are  characterized  by  their  large  size 

Fid,  22.— FiiawnCceUlfrom  thsDhonHd  coalol  Uis  i  ■        i  ■      >  i  ■   >  i 

eyabiu.  and  by  branched  processes,  which  are  also 

filled  with  granules.  In  the  retina  the  pro- 
cesses of  the  cells  can  be  withdrawn  or  protruded  under  the  influence  of  light  in 
order  to  protect  the  delicate  rods  and  cones.  The  pigment  (melanin)  consists  of 
dark  brown  or  black  granules  of  very  small  size  closely  packed  together  within 
the  cells,  but  not  invading  the  nucleus.  Occasionally  the  pigment  is  yellow, 
and  when  occurring  in  the  cells  of  the  cuticle  constitutes  "freckles."  In  the 
retina  another  variety  of  pigment  occurs,  known  as  rhodopsin  or  Tisnal  purple, 
which  is  bleached  on  exposure  to  light. 

Applied  Anatomy. — Abnormal  pigmeotation  of  the  skin  may  be  congenital,  when  it  often  takca 
the  torm  of  dark  brown  or  black  nevi  (male*),  scattered  over  a  greater  or  smaller  area  of  the 
body.  It  may  also  result  from  the  prolonged  consumption  of  various  drugs,  particularly  of 
salts  of  silver  or  arsenic,  being  most  marked  wherever  the  skin  is  exposed  to  the  action  of  light. 
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Progressive  darkeiuiig  or  broiuiDg  of  the  skin  is  also  h^hly  suggestive  of  Addison's  disease,  which 
oommouly  follows  destruction  or  tuberculosis  of  the  suprarenal  glands;  it  is  then  most  obvious 
in  regions  where  the  aWin  is  normally  pigmented  or  is  subjected  to  pressure  or  irritation  from  the 
cLothee.  Pigment-ation  is  also  associated  with  certain  disorders  of  the  skin,  of  the  female  genitalia, 
and  of  the  thyroid  gland,  and  with  the  later  stages  of  wasting  diseases  such  as  cancer  and  phthisis. 
It  does  not  yield  to  any  medical  treatment  as  a  rule. 

DeTslcvment  of  Connective  TisBne. — Connective  tissue  is  developed  from  cells  of  the  meso- 
derm. These  cells  multiply  and  form  a  syncytium  cont^oing  many  nuclei.  Later  the  proto- 
plasm increases  rapidly  in  amount,  and  in  the  vicinity  of  each  nucleus  is  diiferentiated  into  two 
parts:  (1)  a  portion  surrounding  the  nucleus  and  forming  ultimately  the  cytoplssm  of  the  con- 
nective tissue  cell;  (2)  an  outlying  portion  in  which  fibrillation  takes  place.  Both  the  white  and 
the  yellow  elastic  fibres  are  laid  down  in  the  same  manner. 

Cutilage. — Cartilage  is  a  non-vascular  structure  which  is  found  in  various 
parts  of  the  body— in  adult  life  chiefly  in  the  joints,  in  the  parietes  of  the  thorax, 
and  in  various  tubes,  such  as  the  trachea  and  bronchi,  nose,  and  ears,  which  require 
to  be  kept  permanently  open.  In  the  fetus,  at  an  early  period,  the  greater  part 
of  the  skeleton  is  cartiiaginous;  as  this  cartilage  is  afterward  replaced  by  bone, 
it  is  called  temporary,  in  contradistinction  to  that  which  remains  unossified  during 
the  whole  of  life,  and  is  called  permanent. 

Cartilage  b  divided,  according  to  its  minute  structure,  into  hyaline  eartHage, 
white  fibrocartHage,  and  yellow  or  elastic  fibrocartilafe.  Besides  these  varieties 
met  with  in  the  adult  human  subject,  there  is  a  variety  called  cellular  cartilage, 
which  consists  entirely,  or  almost  entirely,  of  cells,  separated  from  each  other  by 
tbeir  capsules  only,  which  in  this  kind  of  cartilage  are  extremely  well-marked. 
Cellular  cartilage  is  found  in  the  external  ears  of  rats,  mice,  and  some  other  animals, 
and  is  present  in  the  notochord  of  the  human  embryo,  but  is  not  found  in  any 
other  human  structure.  The  various  cartilages  in  the  body  are  also  classified, 
according  to  their  functions  and  positions,  into  articular,  interarticular,  eo8t^, 
and  memtar&nifonn. 

Hyaline  Cartilage. — Hyaline  cartilage  consists  of  a  gristly  mass  of  a  firm  consist- 
ence, but  of  considerable  elasticity  and  pearly  bluish  color.    Except  where  it  coats 
the  articular  ends  of  bones,  it  is  covered  externally  by  a  fibrous  membrane,  the 
perichondrium,  from  the  vessels  of 
which    it    imbibes    its    nutritive 
fluids,    being   itself    destitute    of 
bloodvessels.        It     contains     no 
nerves.    Its  intimate  structure  is 
very  simple.    If_n  thin  slii-t  hft 
examip'^  }tnAar  t[|f  r"'miHropfi  '* 
"will  faefriipd  tn  consist  "f  '•''ih  of 
a    rounded    or     hliintly     angular 
fOTm,   ly^  in  groups  of  two  or        „     „    ..  >.  .,       , 

-      '_./=»••■-  .  -a^       If    j.[o    23.— Human  CMlilsie  wlls  from  the  eocoid  cartilage. 
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homflggneoue — matrix    (Fig.    23). 

The  cells,  when  arranged  in  groups  of  two  or  more,  have  generally  straight  outlines 
where  they  are  in  contact  with  each  other,  and  in  the  rest  of  their  circumference 
are  rounded.  They  consist  of  clear  translucent  protoplasm  in  which  fine  inter- 
lacing filaments  and  minute  granules  are  sometimes  present;  imbedded  in  this 
are  one  or  two  round  nuclei,  having  the  usual  intranuclear  network.  The  cells 
are  contained  in  cavities  in  the  matrix,  called  cartilage  lacnnie;  around  these  the 
matrix  is  arranged  in  concentric  lines,  as  if  it  ha^l  been  formed  in  successive 
portions  around  the  cartilage  cells.  This  constitutes  the  so-called  capsule  of  the 
space.  Each  lacuna  is  generally  occupied  by  a  single  cell,  but  during  the  division 
of  the  cells  it  may  contain  two,  four,  or  eight  cells. 

The  matrix  is  transparent  and  apparently  without  structure,  or  else  presents  a 
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dimly  granular  appearance,  like  ground  glass.  Some  observers  have  shown  that 
the  matrix  of  hyaline  cartilage,  and  especially  of  the  articular  variety,  after  pro- 
longed maceration,  can  be  broken  up  into  fine  fibrils.  These  fibrils  are  probably 
of  the  same  nature,  chemically,  as  the  white  fibres  of  connective  tissue.  It  is 
believed  by  some  histologists  that  the  matrix  is  permeated  by  a  number  of  fine 
channels,  which  connect  the  lacunee  with  each  other,  and  that  these  canals  com- 
municate with  the  Ij-mphatics  of  the  perichondrium,  and  thus  the  structure 
is  permeated  by  a  current  i»f  nutrient  fluid. 

Articular  cartUage,  costal  cartilage,  and  temporary  cartilage  are  all  of  the  hyaline 
variety.  They  present  differences  in  the  size,  shape,  and  arrangement  of  their 
cells. 

In  Articnlar  Cartilage  (Fig.  24),  which  shows  no  tendency'  to  ossification,  the 
matrix  is  finely  granular;  the  cells  and  nuclei  are  small,  and  are  disposed  parallel 
to  the  surface  in  the  superficial  part,  while  nearer  to  the  bone  they  are  arranged  in 
vertical  rows.  Articular  cartilages  have  a  tendency  to  split  in  a  vertical  direction; 
in  disease  this  tendencj'  becomes  very  manifest.  The  free  surface  of  articular 
cartilage,  where'it  is  exposed  to  friction,  is  not  covered  by  perichondrium,  although 
a  layer  of  connecti\e  tissue  continuous  with  that  of  the  synovial  membrane  can  be 
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traced  in  the  adult  over  a  small  part  of  its  circumference,  and  here  the  cartilage 
cells  are  more  or  less  branched  and  pass  insensibly  into  the  branched  connective 
tissue  corpuscles  of  the  synovial  membrane.  Articular  cartilage  forms  a  thin 
incrustation  upon  the  joint  surfaces  of  the  bones,  and  its  elasticity  enables  it  to 
break  the  force  of  concussions,  while  its  smoothness  affords  ease  and  freedom  of 
movement.  It  varies  in  thickness  according  to  the  shape  of  the  articular  surface 
on  which  it  lies;  where  this  is  convex  the  cartilage  is  thickest  at  the  centre,  the 
reverse  being  the  case  on  concave  articular  surfaces.  It  appears  to  derive  lis 
nutriment  partlj'  from  the  vessels  of  the  neighboring  synovial  membrane  and 
partly  from  those  of  the  bone  upon  which  it  is  implanted.  Toynbee  has  shown 
that  the  minute  \essels  of  the  cancellous  tissue  as  they  approach  the  articular 
lamella  dilate  and  form  arches,  and  then  return  into  the  substance  of  the  bone. 

In  Costal  Cartilage  the  cells  and  nuclei  are  large,  and  the  matrix  has  a  tendency 
to  fibrous  striation,  especially  in  old  age  (Fig.  25).  In  the  thickest  parts  of  the 
costal  cartilages  a  few  large  vascular  channels  may  be  detected.    This  appears, 
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at  first  sight,  to  be  an  exception  to  the  statement  that  cartilage  is  a  non-vascular 
tissue,  but  is  not  so  really,  for  the  vessels  give  no  branches  to  the  cartilage  sub- 
stance itseU,  and  the  channels  may  rather  be  looked  upon  as  involutions  of  the 
perichondrium.  The  xiphoid  process  and  the  cartilages  of  the  nose,  larynx,  and 
trachea  (except  the  epiglottis  and  comiculate  cartilages  of  the  larynx,  which  are 
composed  of  elastic  fihrocartilage)  resemble  the  costal  cartilages  in  microscopic 
characteristics.  The  arytenoid  cartilage  of  the  larynx  shows  a  transition  from 
hyaline  cartilage  at  its  base  to  elastic  cartilage  at  the  apex. 

The  hyaline  cartilages,  especially  in  adult  and  advanced  life,  are  prone  to  calcify 
—that  is  to  say,  to  have  their  matrix  permeated  by  calcium  salts  without  any 
appearance  of  true  bone.  The  process  of  calcification  occurs  frequently,  in  such 
cartilages  as  those  of  the  trachea  and  in  the  costal  cartilages,  where  it  may  be 
succeeded  by  conversion  into  true  bone. 

White  FibrocartilaKe. — -White  fihrocartilage  consists  of  a  mixture  of  white  fibrous 
tissue  and  cartilaginous  tissue  in  various  proportions;  to  the  former  of  these  con- 
stituents it  owes  its  flexibility  and  , 
toughness,  and  to  the  latter  its 
elasticity.  When  examined  under 
the  microscope  it  is  found  to  be 
made  up  of  fibrous  connective 
tissue  arranged  in  bundles,  with 
cartilagecellsbetween  the  bundles; 
the  cells  to  a  certain  extent  re- 
semble tendon  cells,  but  may  be 
distinguished  from  them  by  being 
surrounded  by  a  concentrically 
striated  area  of  cartilage  matrix 
and  by  being  less  flattened  (Fig. 
26).  The  white  fibrocartilages  ad- 
mit of  arrangement  into  four 
groups— tntorurtlcnlai,  connecting, 
dreinnlerenti&l,   and   Btrfttiform. 

1.  The  biterarticular  Kbrocartilages  {Tnenisci)  are  flattened  fibrocartilaginous 
plates,  of  a  round,  oval,  triangular,  or  sickle-like  form,  interposed  between  the 
articular  cartilages  of  certain  joints.  They  are  free  on  both  surfaces,  usually 
thinner  toward  ^e  centre  than  at  the  circumference,  and  held  in  position  by  the 
attachment  of  their  margins  and  extremities  to  the  surrounding  ligaments.  The 
synovial  membranes  of  the  joints  are  prolonged  over  them.  They  are  found 
in  the  temporomandibular,  sternoclavicular,  acromioclavicular,  wrist,  and  knee 
jouits — i.  c,  in  those  joints  which  are  most  exposed  to  violent  concussion  and 
subject  to  frequent  movement.  Their  uses  are  to  obliterate  the  intervals  between 
opposed  surfaces  in  their  various  motions;  to  increase  the  depths  of  the  articular 
surfaces  and  give  ease  to  the  gliding  movements;  to  moderate  the  effects  of  great 
pressure  and  deaden  the  intensity  of  the  shocks  to  which  the  parts  may  be  sub- 
jected. Humphry  has  pointed  out  that  these  interarticular  fibrocartilages  serve 
an  important  purpose  in  increasing  the  varieties  of  movement  in  a  joint.  Thus 
in  the  knee  joint  rfiere  are  two  kinds  of  motion,  viz.,  angular  movement  and  rota- 
tion, although  it  is  a  hinge  joint,  in  which,  as  a  rule,  only  one  variety  of  motion 
is  permitted;  the  former  movement  takes  place  between  the  condyles  of  the  femur 
and  the  interarticular  cartilages,  the  latter  between  the  cartilages  and  the  head 
of  the  tibia.  So,  also,  in  the  temporomandibular  joint,  the  movements  of  opening 
and  shutting  the  mouth  take  place  between  the  fihrocartilage  and  the  mandible, 
the  grinding  movement  between  the  mandibular  fossa  and  the  fihrocartilage,  the 
latter  moving  with  the  mandible. 
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2.  The  Connecting  FibrocartUaKes  are  interposed  between  the  bony  surfaces  of 
those  joints  which  admit  of  only  slight  mobility,  as  between  the  bodies  of  the 
vertebrae.  They  form  disks  which  are  closely  adherent  to  the  opposed  surfaces. 
Each  disk  is  composed  of  concentric  rings  of  fibrous  tissue,  with  cartilaginous 
lamince  interposed,  the  former  tissue  predominating  toward  the '  circumference, 
the  latter  toward  the  centre.  < 

3.  The  CircnmfereDtial  TibrocartUages  consist  of  rims  of  fibrocartilage,  which 
surround  the  margins  of  some  of  the  articular  cavities,  e.  g.,  the  glenoidal  labrum 
of  the  hip,  and  of  the  shoulder;  they  serve  to  deepen  the  articular  cavities  and  to 
protect  their  edges.  ^ 

4.  The  Stratiform  TibrocartilagM  are  those  which  form  a  thin  coating  to  osseous 
grooves  through  which  the  tendons  of  certain  muscles  glide.  Small  masses  of  fibro- 
cartilage are  also  developed  in  the  tendons  of  some  muscles,  where  they  glide 
over  bones,  as  in  the  tendons  of  the  Peronaeus  longus  and  Tibialis  posterior. 

Tellow  or  Elastic  FibrocartiUKe  is  found  in  the  human  body  in  the  auricles  of  the 
external  ear,  the  auditory  tubes,  the  corniculate  cartilages  of  the  larynx,  and  the 
epiglottis.    It  consists  of  cartilage 
cells  and  a  matrix,  the  latter  being| 
pervaded  by  a  network  of  yellow  \ 
elastic  fibres,  branching  and  anas-  ^ 
tomosing  in  all   directions,  except 
immediately  around  each  cell,  where 
there  is  a  variable  amount  of  non- 
fibrillated  hyaline,  intercellular  sub- 
Cartiiage  feU        Stance  (Fig.  27).    The  fibres  resem- 
ble those  of  yellow   elastic   tissue, 
both  in  appearance  and   in  being 
Hyniine  matrix    unaffected  by  acetic  acid;  and  ac- 
Telhw  elaitie       cording  to  Rollett  their  continuity 
fibrtt  with  the  elastic  fibres  of  the  neigh- 

boring tissue  is  demonstrable. 

The  distinguishing  feature  of 
cartilage  chemically  is  that  it  yields 
on  boiling  a  substance  called  chon- 
diin,  very  similar  to  gelatin,  but 
differing  from   it   in  several   of  its 

Fra.  37.— Ydlo«orelMtiofibro«rlil«*efnnnepi«lotd«oIo«t.      reactions.      It   Is   nOW  belieVcd  that 

chondrin  is  not  a  simple  body,  but 
a  mixture  of  gelatin  with  mucinoid  substances,  chief  among  which,  perhaps,  is  a 
compound  termed  chondro-maeoid. 

Bone. — Stmctnre  and  Pfajndcal  Propertiea. — Bone  is  one  of  the  hardest  structures 
of  the  animal  body;  it  possesses  also  a  certain  degree  of  toughness  and  elasticity. 
Its  color,  in  a  fresh  state,  is  pinkish-white  externally,  and  deep  red  within.  On 
examining  a  section  of  any  bone,  it  is  seen  to  be  composed  of  two  kinds  of  tissue, 
one  of  which  is  dense  in  texture,  like  ivory,  and  is  termed  compact  tissne;  the  other 
consists  of  slender  fibres  and  lamellce,  which  join  to  form  a  reticular  structure; 
this,  from  its  resemblance  to  lattice-work,  is  callikl  cancellous  tissue.  The  compact 
tissue  is  always  placed  on  the  exterior  of  the  bone,  the  cancellous  in  the  interior. 
The  relative  quantity  of  these  two  kinds  of  tissue  varies  in  different  bones,  and 
in  different  parts  of  the  same  bone,  according  as  strength  or  lightness  is  requisite. 
Close  examination  of  the  compact  tissue  shows  it  to  be  extremely  porous,  so  that 
the  difference  in  structure  between  it  and  the  cancellous  tissue  depends  merely 
upon  the  different  amount  of  solid  matter,  and  the  size  and  number  of  spaces  in 
each;  the  cavities  are  small  in  the  compact  tissue  and  the  solid  matter  between 
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them  abundant^  while  in  the  cancellous  tissue  the  spaces  are  large  and  the  solid 
matter  is  in  smaller  quantity. 

Bone  during  life  is  permeated  by  vessels,  and  is  enclosed,  except  where  it  is 
coated  with  articular  cartilage,  in  a  fibrous  membrane,  the  periosteum,  by  means 
of  which  many  of  these  vessels  reach  the  hard  tissue.  If  the  periosteum  be  stripped 
from  the  surface  of  the  living  bone,  small  bleeding  points  are  seen  which  mark  the 
entrance  of  the  periosteal  vessels;  and  on  section  during  life  every  part  of  the 
bone  exudes  blood  from  the  minute  vessels  which  ramify  in  it.  The  interior  of 
each  of  the  long  bones  of  the  limbs  presents  a  cylindrical  cavity  filled  with  marrow 
and  lined  by  a  highly  vascular  areolar  structure,  called  the  medullary  membrane 
or  internal  periostemn. 

BnioBtemn. — ^The  periosteum  adheres  to  the  surface  of  each  of  the  bones  in 
nearly  every  part,  but  not  to  cartilaginous  extremities.  When  strong  tendons  or 
ligaments  are  attached  to  a  bone,  the  periosteum  is  incorporated  with  them.  It 
consists  of  two  layers  closely  united  together,  the  outer  one  formed  chiefly  of 
connective  tissue,  containing  occasionally  a  few  fat  cells;  the  inner  one,  of  elastic 
fibres  of  the  finer  kind,  forming  dense  membranous  networks,  which  can  be  again 
separated  into  several  layers.  In  young  bones  the  periosteum  is  thick  and  very 
vascular,  and  is  intimately  connected  at  either  end  of  the  bone  with  the  epiphysial 
cartilage,  but  less  closely  with  the  body  of  the  bone,  from  which  it  is  separated  by 
a  layer  of  soft  tissue,  containing  a  number  of  granular  corpuscles  or  osteoblasts,  by 
which  ossification  proceeds  on  the  exterior  of  the  young  bone.  Later  in  life  the 
periosteum  is  thinner  and  less  vascular,  and  the  osteoblasts  are  converted  into  an 
epithelioid  layer  on  the  deep  surface  of  the  periosteum.  The  periosteum  serves 
as  a  nidus  for  the  ramification  of  the  vessels  previous  to  their  distribution  in  the 
bone;  hence  the  liability  of  bone  to  exfoliation  or  necrosis  when  denuded  of  this 
membrane  by  injiu'y  or  disease.  Fine  nerves  and  lymphatics,  which  generally 
accompany  the  arteries,  may  also  be  demonstrated  in  the  periosteum. 

MaiTOW. — ^The  marrow  not  only  fills  up  the  cylindrical  cavities  in  the  bodies  of 
the  long  bones,  but  also  occupies  the  spaces  of  the  cancellous  tissue  and  extends 
into  the  larger  bony  canals  (Haversian  canals)  which  contain  the  bloodvessels. 
It  differs  in  composition  in  different  bones.  In  the  bodies  of  the  Icmg  bones  the 
marrow  is  of  a  yellow  color,  and  contains,  in  100  parts,  96  of  fat,  1  of  areolar  tissue 
and  vessels,  and  3  of  fluid  with  extractive  matter;  it  consists  of  a  basis  of  connective 
tissue  supporting  numerous  bloodvessels  and  cells,  most  o^  which  are  fat  cells 
but  some  are  "marrow  cells,"  such  as  occur  in  the  red  marrow  to  be  immediately 
described.  In  the  flat  and  short  bones,  in  the  articular  ends  of  the  long  bones, 
in  the  bodies  of  the  vertebrae,  in  the  cranial  diploe,  and  in  the  sternum  and  ribs 
the  marrow  is  of  a  red  color,  and  contains,  in  100  parts,  75  of  water,  and  25  of  solid 
matter  consisting  of  cell-globulin,  nucleoprotein,  extractives,  salts,  and  only  a 
small  proportion  of  fat.  The  red  marrow  consists  of  a  small  quantity  of  connective 
tissue,  bloodvessels,  and  numerous  cells  (Fig.  28),  some  few  of  which  are  fat  cells, 
but  the  great  majority  are  roundish  nucleated  cells,  the  true  "marrow  cells" 
of  KoUiker.  These  marrow  cells  proper,  or  myelocytes,  resemble  in  appearance 
lymphoid  corpuscles,  and  like  them  are  amoeboid;  they  generally  have  a  hyaline 
protoplasm,  though  some  show  granules  eiSier  oxyphil  or  basiphil  in  reaction. 
A  number  of  eosinophil  cells  are  also  present.  Among  the  marrow  cells  may  be 
seen  smaller  cells,  which  possess  a  slightly  pinkish  hue;  these  are  the  erythroblasts 
or  nonnoblasts,  from  which  the  red  corpuscles  of  the  adult  are  derived,  and  which 
may  be  regarded  as  descendants  of  the  nucleated  colored  corpuscles  of  the  embryo. 
Giant  cella  (myeloplaxes,  osteoclasts),  large,  multinucleated,  protoplasmic  masses, 
are  also  to  be  found  in  both  sorts  of  adult  marrow,  but  more  particularly  in  red 
marrow.  They  were  believed  by  KoUiker  to  be  concerned  in  the  absorption  of 
bone  matrix,  and  hence  the  name  which  he  gave  to  them — osteoclasts.     They 
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excavate  in  the  bone  small  shallow  pits  or  cavities,  which  are  named  Howship's 
foveola,  and  in  these  they  are  found  lying. 

Vessels  and  Nerves  of  Bone. — The  bloodvessels  of  bone  are  very  numerous.  Those 
of  the  compact  tissue  are  derived  from  a  close  and  dense  network  of  vessels  ramify- 
ing in  the  periosteum.  From  this  membrane  vessels  pass  into  the  minute  orifices 
in  the  compact  tissue,  and  run  through  the  canals  which  traverse  its  substance. 
The  cancellous  tissue  is  supplied  in  a  similar  way,  but  by  less  numerous  and  larger 
vessels,  which,  perforating  the  outer  compact  tissue,  are  distributed  to  the  cavities 
of  the  spongy  portion  of  the  bone.  In  the  long  bones,  numerous  apertures  may 
be  seen  at  the  ends  near  the  articular  surfaces;  some  of  these  give  passage  to  the 
arteries  of  the  larger  set  of  vessels  referred  to;  but  the  most  numerous  and  largest 
apertures  are  for  some  of  the  veins  of  the  cancellous  tissue,  which  emerge  apart 
from  the  arteries.  The  marrow  in  the  body  of  a  long  bone  is  supplied  by  one 
large  artery  (or  sometimes  more),  which  enters  the  bone  at  the  nutrient  foramen 

SormoUait  with  dividing  nucltiu 


dividing 

MydoeyU 


(situated  in  most  cases  near  the  centre  of  the  body),  and  perforates  obliquely  the 
compact  structure.  The  medullary  or  nvirient  artery,  usually  accompanied  by  one 
or  two  veins,  sends  branches  upward  and  downward,  which  ramify  in  the  medul- 
larj'  membrane,  and  give  twigs  to  the  adjoining  canals.  The  ramifications  of  this 
vessel  anastomose  with  the  arteries  of  the  cancellous  and  compact  tissues.  In  most 
of  the  flat,  and  in  many  of  the  short  spongy  bones,  one  or  more  large  apertures  are 
observed,  which  transmit  to  the  central  parts  of  the  bone  vessels  corresponding  to 
the  nutrient  arteries  and  veins.  The  veins  emerge  from  the  long  bones  in  three 
places  (KoUiker):  (1)  one  or  two  large  veins  accompany  the  artery;  (2)  numerous 
large  and  small  veins  emerge  at  the  articular  extremities;  (3)  many  small  veins 
pass  out  of  the  compact  substance.  In  the  flat  cranial  bones  the  veins  are  large, 
very  numerous,  and  run  in  tortuous  canals  in  the  diploic  tissue,  the  sides  of  the 
canals  being  formed  by  thin  lamellae  of  bone,  perforated  here  and  there  for  the 
passage  of  branches  from  the  adjacent  cancelli.  The  same  condition  is  also 
found  in  all  cancellous  tissue,  the  veins  being  enclosed  and  supported  by  osseous 
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material,  and  having  exceedingly  thin  coats.  When  a  bone  is  divided,  the  vessels 
remain  patulous,  and  do  not  contract  in  the  canals  in  which  they  are  contained. 
Lrmpbatie  vessels,  in  addition  to  those  found  in  the  periosteum,  have  heen  traced 
by  Cruikshank  into  the  substance  of  bone,  and  Klein  describes  them  as  running  in 
the  Haversian  canals.  Nerrea  are  distributed  freely  to  the  periosteum,  and  accom- 
pany the  nutrient  arteries  into  the  interior  of  the  bone.  They  are  said  by  Kolliker 
to  be  most  numerous  in  the  articular  extremities  of  the  long  bones,  in  the  vertebne, 
and  in  the  larger  flat  bones, 

Hinate  Anatomy. — A  transverse  section  of  dense  bone  may  be  cut  with  a  saw 
and  ground  down  until  it  is  sufficiently  thin. 

If  this  be  examined  with  a  rather  low  power  the  bone  will  be  seen  to  be  mapped 
out  into  a  numbef  of  circular  districts  each  consisting  of  a  central  hole  surrounded 
by  a  number  of  concentric  rings.  These  districts  are  termed  Haversian  systems; 
the  central  hole  is  an  Haversian  canal,  and  the  rings  are  layers  of  bony  tissue 
arranged  concentrically  around  the  central  canal,  and  termed  lamellie.  More- 
over,  on  closer  examination  it  will  be  found  that  between  these  lamellee,  and 
therefore  also  arranged  concentrically  around  the  central  canal,  are  a  number  of 


Fio.  29. — Truuveru  Hction  of  compaDt  tiHuc  of  boas.     Mugnified.     (Shirpey.) 

little  dark  spots,  the  lacims,  and  that  these  lacunce  are  connected  with  each  other 

and  with  the  central  Haversian  canal  by  a  number  of  fine  dark  lines,  which  radiate 

tike  the  spokes  of  a  wheel  and  are  called  canalienll.    Filling  in  the  irregular  intervals 

which  are  left  between  these  circular  systems  are  other  lamellse,  with  their  lacunee 

and  canaliculi  running  in  various  directions,  but  more  or  less  curved  (Fig.  29); 

they  are  termed  interstitial  lamella.     Again,  other  lamellfe,  found  on  the  surface 

of  the  bone,  are  arranged  parallel  to  its  circumference;  they  are  termed  circum- 

famitial,  or  by  some  authors  primary  or  fundamental  lamella,  to  distinguish  them 

from  those  laid  down  around  the  axes  of  the  Haversian  canals,  which  are  then 

termed  secondary  or  special  lamelln. 

The  Haversian  canija,  seen  in  a  transverse  section  of  bone  as  round  holes  at  or 
about  the  centre  of  each  Haversian  system,  may  be  demonstrated  to  be  true  canals 
if  a  longitudinal  section  be  made  (Fig.  30).  It  will  then  be  seen  that  the  canals 
run  parallel  with  the  longitudinal  axis  of  the  bone  for  a  short  distance  and  then 
branch  and  communicate.  They  vary  considerably  in  size,  some  being  as  much  as 
0.12  nam.  in  diameter;  the  average  size  is,  however,  about  0.05  mm.  Near  the 
medullary  cavity  the  canals  are  larger  than  those  near  the  surface  of  the  bone. 
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Each  cana)  contains  one  or  two  bloodvessels,  with  a  small  quantity  of  delicate 
connective  tissue  and  some  nerve  filaments.  In  the  larger  ones  there  are  also 
lymphatic  vessels,  and  cells  with  branching  processes  which  communicate,  through 
the  canalculi,  with  the  branched  processes  of  certain  bone  cells  in  the  substance 
of  the  bone.  Those  canals  near  the  surface  of  the  bone  open  upon  it  by  minute 
orifices,  and  those  near  the  medullary  cavity  open  in  the  same  way  into  this  space, 
30  that  the  whole  of  the  bone  is  permeated  by  a  system  of  bloodvessels  running 
through  the  bony  canals  in  the  centres  of  the  Haversian  systems. 

The  lamella  are  thin  plates  of  bony  tissue 
encircling  the  central  canal,  and  may  be  com- 
pared, for  the  sake  of  illustration,  to  a  number 
of  sheets  of  paper  pasted  one  over  another 
around  a  central  hollow  cylinder.  After 
macerating  a  piece  of  bone  in  dilute  mineral 
acid,  these  lamellee  may  be  stripped  off  in  a 
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longitudinal  direction  as  thin  films.  If  one  of  these  be  examined  with  a  high  power 
of  the  microscope,  it  will  be  found  to  be  composed  of  a  finely  reticular  structure, 
made  up  of  very  slender  transparent  fibres,  decussating  obliquely;  and  coalescing 
at  the  points  of  intersection;  these  fibres  are  composed  of  fine  fibrils  identical  with 
those  of  white  connective  tissue.  The  intercellular  matrix  between  the  fibres  is 
impregnated  by  calcareous  deposit  which  the  acid  dissolves.  In  many  places  the 
various  lamelle  may  be  seen  to  be  held  together  by  tapering  fibres,  which  run 
obliquely  through  them,  pinning  or  bolting  them  together;  the;-  were  first  de- 
scribed by  Sharpey,  and  were  named  by  him  perforatiDK  fibres  (Fig.  31). 

The  LacmuB  are  situated  between  the  lamellte,  and  consist  of  a  number  of  oblong 
spaces.  In  an  ordinary  microscopic  section,  viewed  by  transmitted  light,  they 
appear  as  fusiform  opaque  spots.  Each  lacuna  is  occupied  during  life  by  a  branched 
cell,  termed  a  bone-cell  or  bone-corpnsde,  the  processes  from  which  extend  into  the 
canaliculi  (Fig.  32). 

The  CanaUenli  are  exceedingly  minute  channels,  crossing  the  lamellje  and  con- 
necting the  lacunae  with  neighboring  lacunae  and  also  with  the  Haversian  canal. 
From  the  Haversian  canal  a  number  of  canaliculi  are  given  off,  which  radiate  from 
it,  and  open  into  the  first  set  of  lacunffi  between  the  first  and  second  lamelte. 
From  these  lacunce  a  second  set  of  canaliculi  is  given  off;  these  run  outward  to  the 
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next  series  of  lacuiue,  and  so  on  until  the  periphery  of  the  Haversian  system  is 
reached;  here  the  canaliculi  given  off  from  the  last  series  of  lacunee  do  not  communi- 
cate with  the  iacunte  of  neighboring  Haversian  systems,  but  after  passing  outn'ard 
for  a  short  distance  form  loops  and  return  to  their  own  lacunce.  Thus  every 
part  of  an  Haversian  system  is  supplied  with  nutrient  fluids  derived  from  the 
vessels  in  the  Haversian  canal  and  distributed  through  the  canaliculi  and  lacunee. 

The  bone  cells  are  contained  in  the  lacunee, 
which,  however,  they  do  not  completely  fill. 
They   are    flattened  nucleated  branched   cells, 

homologous  with  those  of  connective  tissue;  the  ^V 

branches,  especially  in  young  bones,  pass  into  \ 

the  caualiculi  from  the  lacume. 

In  thin  plates  of  bone  (as  in  the  walls  of 
the  spaces  of  cancellous  tissue)  the  Haversian 
canals  are  absent,  and  the  canaliculi  open  into 
the  spaces  of  the  cancellous  tissue  (medullary 
spaces),  which  thus  have  the  same  function  as 
the  Haversian  canals. 
Chaniieal  Compositum. — Bone  consists  of  an       Pio.  m.— NuciMwd  bon«  wEia  »nci  their 

,  ,  , ,  ,■.'.■  pnw«BSM,  contained  in  ths  bone  laouna  and 

animal  •and    an  earthy  part  mtimateiy  com-     their  eanaiiouii  rMpeotivei)'.  From  i  sBciign 

L  >        I    .  .1  throuah    the  vertebra  of  an   adult  mouH. 

btned   together.  (Klon  and  Noble  Smitb.) 


Bmu  cDrpuKfe       Btnit  eotpatU 
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Fio.  33— Tranweree  aeotion  al  body  oi  human  fibula,  decalcified.      X  250. 

The  animal  part  may  be  obtained  by  immersing  a  bone  for  a  considerable  time 
in  dilute  mineral  acid,  after  which  process  the  bone  comes  out  exactly  the  same 
shape  as  before,  but  perfectly  flexible,  so  that  a  long  bone  (one  of  the  ribs,  for 
example)  can  easily  be  tied  in  a  knot.  If  now  a  transverse  section  is  made 
(Fig.  33)  the  same  general  arrangement  of  the  Haversian  canals,  lamellee,  lacunae, 
and  canaliculi  is  seen. 

The  earthy  part  may  be  separately  obtained  by  calcination,  by  which  the 
animal  matter  is  completely  burnt  out.  The  bone  will  still  retain  its  original 
form,  but  it  will  be  white  and  brittle,  will  have  lost  about  one-third  of  its  original 
weight,  and  will  crumble  down  with  the  slightest  force.  The  earthy  matter  is 
composed  chiefly  of  calcium  phosphate,  farming  about  66.7  per  cent,  of  the  weight 
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of  the  bone;  it  coDfers  on  bone  its  hardness  and  rigidity,  while  the  animal  matter 
(ossein)  determines  its  tenacity. 

Ossification. — Some  bones  are  preceded  by  membrane,  such  as  those  forming 
the  roof  and  sides  of  the  skull;  others,  such  as  the  bones  of  the  limbs,  are  preceded 
by  rods  of  cartilage.  Hence  two  kinds  of  ossification  are  described:  the  intra- 
membranons  and  the  intracartilaciiuMU. 

Intbamembranous  Ossification. — In  the  case  of  bones  which  are  developed 
in  membrane,  no  cartilaginous  mould  precedes  the  appearance  of  the  bony  tissue. 
The  membrane  which  occupies  the  place  of  the  future  bone  is  of  the  nature  of  con- 
nective tissue,  and  ultimately  forms  the  periosteum;  it  is  composed  of  fibres  and 
granular  cells  in  a  matrix.  The  peripheral  portion  is  more  fibrous,  while,  in  the 
interior  the  cells  or  osteoblasts  predominate;  the  whole  tissue  is  richly  supplied  with 
bloodvessels.  At  the  outset  of  the  process  of  bone  formation  a  little  network 
of  spicules  is  noticed  radiating  from  the  point  or  centre  of  ossification.  These 
rays  consist  at  their  growing  points  of  a  network  of  fine  clear  fibres  and  granular 
corpuscles  with  an  intervening  ground  substance  (Fig.  34).    The  fibres  are  termed 
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Fia.  M.— Pan  of  the  glowing  edge  of  the  devslopine  purieul  bone  ol  a  fet»l  o«l.     (After  J.  LBwrepce.l 

osteogenetic  fibres,  and  are  made  up  of  fine  fibrils  differing  little  from  those  of  white 
fibrous  tissue.  The  membrane  soon  assumes  a  dark  and  granular  appearance  from 
the  deposition  of  calcareous  granules  in  the  fibres  and  in  the  intervening  matrix, 
and  in  the  calcified  material  some  of  the  granular  corpuscles  or  osteoblasts  are 
enclosed.  By  the  fusion  of  the  calcareous  granules  the  tissue  again  assumes  a 
more  transparent  appearance,  but  the  fibres  are  no  longer  so  distinctly  seen. 
The  involved  osteoblasts  form  the  corpuscles  of  the  future  bone,  the  spaces  in 
which  they  are  enclosed  constituting  the  lacunas.  As  the  osteogenetic  fibres  grow 
out  to  the  periphery  they  continue  to  calcify,  and  give  rise  to  fresh  bone  spicules. 
Thus  a  network  of  bone  is  formed,  the  meshes  of  which  contain  the  bloodvessels 
and  a  delicate  connective  tissue  crowded  with  osteoblasts.  The  bony  trabeculie 
thicken  by  the  addition  of  fresh  layers  of  bone  formed  by  the  osteoblasts  on  their 
surface,  and  the  meshes  are  correspondingly  encroached  upon.  Subsequently 
successive  layers  of  bony  tissue  are  deposited  under  the  periosteum  and  around 
the  larger  vascular  channels  which  become  the  Haversian  canals,  so  that  the  bone 
increases  much  in  thickness. 
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Inteecartilaginoos  Ossification. — Just  before  ossification  begins  the  mass  is 
entirely  cartilaginous,  and  in  a  long  bone,  which  may  be  taken  as  an  example,  the 
process  commences  in  the  centre  and  proceeds  toward  the  extremities,  which  for 
some  time  remain  cartilaginous.  Subsequently  a  similar  process  commences  in 
one  or  more  places  in  those  extremities  and  gradually  extends  through  them. 
The  extremities  do  not,  however,  become  joined  to  the  body  of  the  bone  by  bony 
tissue  until  growth  has  ceased;  between  the  body  and  either  extremity  a  layer  of 
cartilaginous  tissue  termed  the  ep^ihrBial  cartilage  persists  for  a  definite  period. 

The  first  step  in  the  ossification  of 
the  cartilage  is  that  the  cartilage  cells, 
at  the  point  where  ossification  is  com- 
mencing and  which  is  termed  a  centre 
of  OBsifieatton,  enlarge  and  arrange 
themselves  in  rows  (Fig.  35) .  The 
matrix  in  which  thej'  are  imbedded 
increases  in  quantity,  so  that  the  cells 
become  further  separated  from  each 
other.  A  deposit  of  calcareous  material 
now  takes  place  in  this  matrix,  between 
the  rows  of  cells,  so  that  they  become 
separated  from  each  other  by  longi- 
tudinal columns  of  calcified  matrix, 
presenting  a  granular  and  opaque  ap- 
pearance. Here  and  there  the  matrix 
between  two  cells  of  the  same  row  also 
becomes  calcified,  and  transverse  bars 
of  calcified  substance  stretch  across 
from  one  calcareous  column  to  another. 
Thus  there  are  longitudinal  groups  of 
the  cartilage  cells  enclosed  in  oblong 
cavities,  the  walls  of  which  are  formed 
of  calcified  matrix  which  cuts  off  all 
nutrition  from  the  cells;  the  cells,  in 
consequence,  atrophy,  leaving  spaces 
called  the  primar?  anola. 

At  the  same  time  that  this  process 
is  going  on  in  the  centre  of  the  solid 
bar  of  cartilage,  certain  changes  are 
taking  place  on  its  surface.  This  is 
covered  by  a  very  vascular  membrane, 

the  perichondrium,  entirely  similar  to  the  of  ^a'  lubperiH^  unue**  p.  F^roua'^'er  oi  tb^i^ 
embryonic  connective  tissue  already  5SSit.°* fc  teT- Iwr^.-- E'*T."s^h1^ro°°^ 
described  as  constituting  the  basis  of 

membrane  bone;  on  the  inner  surface  of  this — that  is  to  say,  on  the  surface  in 
contact  with  the  cartilage — ^are  gathered  the  formative  cells,  the  osteoblasts.  By 
the  agency  of  these  cells  a  thin  layer  of  bony  tissue  is  formed  between  the  peri- 
chondrium and  the  cartilage,  by  the  iniTamembranous  mode  of  ossification  just 
described.  There  are  then,  in  this  first  stage  of  ossification,  two  processes  going 
on  simultaneously:  in  the  centre  of  the  cartilage  the  formation  of  a  number  of 
oblong  spaces,  formed  of  calcified  matrix  and  containing  the  withered  cartilage 
cdJs,  and  on  the  surface  of  the  cartilage  the  formation  of  a  layer  of  true  mem- 
brane bone.  The  second  stage  consists  in  the  prolongation  into  the  cartilage  of 
processes  of  the  deeper  or  osteogenetic  layer  of  the  perichondrium,  which  has 
now  become  periosteum  (Fig.  35,  ir).    The  processes  consist  of  bloodvessels  and 
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cells — oeteoblutE,  or  bone-formers,  and  osteoclasts,  or  boue-destrojen.    The  latter 
are  simitar  to  the  giant  cells  (myeloplaxes)  found  in  marrow,  and  they  excavate 
passages   through  the  new-formed  bony  layer  by  absorption,  and  pass  through 
it  into  the  calcified  matrix  (Fig.  36).     Wherever  these  processes  come  in  con- 
tact with  the  calcified  walls  of  the  primary  areolte  they  absorb  them,  and  thus 
cause  a  fusion  of  the  original  cavities  and  the  formation  of  larger  spaces,  which 
are  termed  the  secondary  areole  or  medullary  spaces.     These  secondary  spaces 
become  filled  with  embrjonic  marrow,  consisting  of  osteoblasts  and  vessels,  derived, 
in  the    manner    described    above,   from    the 
osteogenetic  layer  of  the  periosteum  (Fig.  36). 
Thus  far  there  has  been  traced  the  forma- 
tion of  enlarged  spaces  (secondary  areotee), 
„     the  perforated  walls  of  which  are  still  formed 
by  calcified   cartilage  matrix,  containing   an 
embrjonic  marrow  derived  from  the  processes 
sent  in  from  the  osteogenetic   layer    of    the 
periosteum,  and  consisting  of  bloodvessels  and 
S     osteoblasts.    The   walls    of   these    secondary 
areolae  are  at  this  time  of  only  inconsiderable 
thickness,  but  they  become  thickened  by  the 
deposition  of  layers  of  true  bone  on  their  sur- 
face.   This  process  takes  place  in  the  follow- 
ing manner:    Some  of  the  osteoblasts  of  the 
embrj'onic    marrow,   after    undergoing   rapid 
division,  arrange  themselves  as  an  epithelioid 
layer  on  the  surface  of  the  wall  of  the  space 
(Fig.  37).    This  layer  of  osteoblasts  forms  a 
bony  stratum,  and  thus  the  wall  of  the  space 
becomes  gradually  covered  with  a  layer  of 


Fia.  36. — Part  ol  ■  Loniitudio*!  •ecuoi 
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unilKia  celli.     (From   "AUm  of   Hiitoloc 
Klein  uid  Noble  Smith.) 

true  osseous  substance  in  which  some  of  the  bone-forming  cells  are  included  as 
bone  corpuscles.  The  next  stage  in  the  process  consists  in  the  removal  of  these 
primarj-  bone  spicules  by  the  osteoclasts.  One  of  these  giant  cells  may  be  found 
lying  in  a  Howship's  foveola  at  the  free  end  of  each  spicule.  The  removal  of  the 
primary  spicules  goes  on  pari  passu  with  the  formation  of  permanent  bone  by 
the  periosteum,  and  in  this  way  the  medullary  cavity  of  the  body  of  the  bone  is 
formed. 

This  series  of  changes  has  been  gradually  proceeding  toward  the  end  of  the  body 
of  the  bone,  so  that  in  the  ossifying  bone  all  the  changes  described  above  may 
be  seen  in  different  parts,  from  the  true  bone  at  the  centre  of  the  body  to  the  hyaline 
cartilage  at  the  extremities. 
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While  the  ossification  of  the  cartilaginous  body  is  extending  toward  the  articular 
ends,  the  cartilage  immediately  in  advance  of  the  osseous  tissue  continues  to  grow 
until  the  length  of  the  adult  bone  is  reached. 

During  the  period  of  growth  the  articular  end,  or  epiphysis,  remains  for  some 
time  entirely  cartilaginous,  then  a  bony  centre  appears,  and  initiates  in  it  the 
process  of  intracartilaginous  ossification;  but  this  process  never  extends  to  any 
great  distance.  The  epiphysis  remains  separated  from  the  body  by  a  narrow 
cartilaginous  layer  for  a  definite  time.  This  layer  ultimately  ossifies,  the  distinc- 
tion between  body  and  epiphysis  is  obliterated,  and  the  bone  assumes  its  completed 
form  and  shape.  The  same  remarks  also  apply  to  such  processes  of  bone  as  are 
separately  ossified,  e,  g.,  the  trochanters  of  the  femur.  The  bones  therefore  con- 
tinue to  grow  until  the  body  has  acquired  its  full  stature.  They  increase  in  length 
by  ossification  continuing  to  extend  behind  the  epiphysial  cartilage,  which  goes 
on  growing  in  advance  of  the  ossifying  process.  They  increase  in  circumference 
by  deposition  of  new  bone,  from  the  deeper  layer  of  the  periosteum,  on  their  exter- 
nal surface,  and  at  the  same  time  an  absorption  takes  place  from  within,  by  which 
the  medullary  cavities  are  increased. 

The  permanent  bone  formed  by  the  periosteum  when  first  laid  down  is  cancellous 
in  structure.  Later  the  osteoblasts  contained  in  its  spaces  become  arranged  in 
the  concentric  layers  characteristic  of  the  Haversian  systems,  and  are  included 
as  bone  corpuscles. 

The  number  of  ossific  centres  varies  in  different  bones.  In  most  of  the  short 
bones  ossification  commences  at  a  single  point  near  the  centre,  and  proceeds  toward 
the  surface.  In  the  long  bones  there  is  a  central  point  of  ossification  for  the  body 
or  diaphysis:  and  one  or  more  for  each  extremity,  the  epiphysis.  That  for  the 
body  is  the  first  to  appear.  The  times  of  union  of  the  epiphyses  with  the  body 
vary  inversely  with  the  dates  at  which  their  ossifications  began  (with  the  exception 
of  the  fibula)  and  regulate  the  direction  of  the  nutrient  arteries  of  the  bones.  Thus, 
the  nutrient  arteries  of  the  bones  of  the  arm  and  forearm  are  directed  toward 
the  elbow,  since  the  epiphyses  at  this  joint  become  united  to  the  bodies  before 
those  at  the  opposite  extremities.  In  the  lower  limb,  on  the  other  hand,  the 
nutrient  arteries  are  directed  away  from  the  knee:  that  is,  upward  in  the  femur, 
downward  in  the  tibia  and  fibula;  and  in  them  it  is  observed  that  the  upper  epiphysis 
of  the  femur,  and  the  lower  epiphyses  of  the  tibia  and  fibula,  unite  first  with  the 
bodies.  Where  there  is  only  one  epiphysis,  the  nutrient  artery  is  directed  toward 
the  other  end  of  the  bone;  as  toward  the  acromial  end  of  the  clavicle,  toward  the 
distal  ends  of  the  metacarpal  bone  of  the  thumb  and  the  metatarsal  bone  of  the 
great  toe,  and  toward  the  proximal  ends  of  the  other  metacarpal  and  metatarsal 
bones. 

Parsons^  groups  epiphyses  under  three  headings,  viz.:  (1)  pressure  epiphjrses, 
appearing  at  the  articular  ends  of  the  bones  and  transmitting  "the  weight  of  the 
body  from  bone  to  bone;"  (2)  traction  epiphyses,  associated  with  the  insertion 
of  muscles  and  "originally  sesamoid  structures  though  not  necessarily  sesamoid 
bones;"  and  (3)  atavistic  epiphyses,  representing  parts  of  the  skeleton,  which  at 
one  time  formed  separate  bones,  but  which  have  lost  their  function,  "  and  only 
appear  as  separate  ossifications  in  early  life." 

Applied  Anatomy. — It  has  been  stated  above  that  the  bones  increase  firstly  in  length  by  ossifi- 
cation continuing  to  extend  in  the  epiphysial  cartilage,  which  goes  on  growing  in  advance  of  the 
ossifying  process;  and  secondly,  in  circumference  by  deposition  of  new  bone  from  the  deeper 
layer  of  the  periosteum,  on  the  external  surface. 

A  careful  study  of  osseous  development  is  of  the  very  greatest  utility  in  the  proper  understand- 
ing of  bone  disease;  and,  moreover,  an  accurate  knowledge  of  the  blood  supply  of  a  long  bone 

*  Jour,  of  Anat.  and  Phys.,  vols,  xxxviii,  xzxix.  aad  xlii. 
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has  also  many  important  bearings.  The  out^r  portion  of  the  compact  tissue  being  supplied  by 
periosteal  vessels,  which  reach  the  bone  through  muscular  attachments,  it  follows  that  where 
the  muscular  structures  are  well  developed,  and  therefore  amply  supplied  with  blood,  the  perios- 
teum will  also  be  well-nourished  and  the  bones  proportionately  well-developed  in  ^rth;  this  is 
well  seen  in  strong  muscular  men  with  well-marked  ridges  on  the  bones.  Conversely,  if  the  mus- 
cular development  be  poor,  the  bones  are  correspondingly  thin  and  light,  and  if  from  any  cause 
a  limb  has  been  paralyzed  from  early  childhood,  the  whole  of  the  bones  of  that  extremity  are 
remarkable  for  their  extreme  thinness — that  is  to  say,  the  periosteal  blood  supply  has  been  insuffi- 
cient to  nourish  that  membrane,  and  consequently  very  little  fresh  osseous  tissue  has  been  added 
to  the  bones  from  the  outside. 

.  The  best  example  of  this  condition  is  seen  in  connection  with  the  disease  known  as  infantile 
paralysiSy  where  a  limb  becomes  paralyzed  at  a  very  early  period  of  childhood,  where  the  muscles 
become  flaccid  and  atonic,  and  where  the  blood  supply  is  in  consequence  very  greatly  diminished. 
In  such  cases,  although  the  limb  does  continue  to  grow  in  length  from  the  epiphysial  lines,  its 
length  is  considerably  less  than  on  the  normal  side,  owing  to  the  imperfect  nutrition;  but  the 
most  striking  feature  about  all  the  long  bones  of  the  limb  is  their  remarkable  tenuity,  little  or  no 
addition  having  been  made  to  their  circumferences. 

In  cases  where  the  periosteum  has  been  separated  from  the  compact  tissue  by  extensive  injury 
or  inflammatory  exudation,  necrosis  or  death  of  the  underl3dng  portion  of  bone  takes  place  owing 
to  its  blood  supply  having  been  cut  off,  and  the  dead  portion  or  sequestrum  has  to  be  separated 
and  subsequently  cast  off. 

Cases,  however,  occur  where  the  inflammatory  process  affects  the  whole  or  a  great  portion 
of  the  diaphysis  of  a  long  bone,  and  here  extensive  death  of  the  affected  portion  takes  place,  and 
the  condition  goes  by  the  name  of  acute  infective  periostitis.  Where  this  occurs  the  body  of  the 
bone  dies  very  rapidly,  especially  if  the  single  nutrient  artery  be  thrombosed  at  the  same  time. 
The  pus  which  has  formed  beneath  the  periosteum  is  set  free  by  timely  incision,  or  bursts  on  the 
surface;  the  periosteum  then  falls  back  on  the  necrosed  diaphysis  and  rapidly  forms  a  layer  of 
new  periosteal  bone,  surrounding  the  sequestrum.  This  layer  is  called  the  inwlv^rum,  and  the 
openings  in  it  through  which  the  pus  escapes  the  cloaca.  When  the  inflammatory  process  affects 
mainly  the  medullary  canal,  the  condition  is  spoken  of  as  osteomyelitis,  and  the  two  conditions 
very  frequently  coexist,  and  then  go  by  the  name  of  actUe  infective  necrosis  of  bone  or  acute 
diaphysitis.  When  the  medullary  cavity  is  filled  with  pus,  septic  thrombosis  of  the  veins  in  the 
Haversian  canals  takes  place,  and  there  is  a  very  great  danger  of  septic  emboli  being  displaced 
and  carried  into  the  general  circulation,  thus  setting  up  a  fatal  pyemia.  In  fact,  pyemia  is  more 
frequently  due  to  septic  bone  conditions  than  to  any  other  cause. 

In  the  pre-antiseptic  days,  pyemia  frequently  resulted  from  amputations,  where  the  medullary 
canal  of  a  long  bone  was  opened  by  the  saw  cut.  Osteomyelitis  ensued,  and  if  the  patient  sur- 
vived, a  tubular  sequestrum  of  the  divided  shaft  subsequently  separated. 

A  proper  knowledge  of  the  epiphyses  is  of  the  utmost  possible  importance,  and  greatly  simplifies 
many  of  the  problems  in  the  pathology  of  bone  disease. 

Speaking  generally,  the  long  bones  have  at  either  end  an  epiphysis  from  the  cartilage  of  which 
growth  occurs,  and  hence  the  body  of  the  bone  increases  in  length  from  both  ends.  In  every 
case,  however,  one  epiphysis  is  the  more  active,  and  also  continues  in  its  activity  for  a  longer 
time.  This  actively  growing  epiphysis  is  always  the  one  from  which  the  nutrient  foramen  in  the 
diaphysis  points,  and  it  unites  to  the  diaphysis  at  a  later  date.  It  follows,  therefore,  that  the 
increase  in  length  of  a  bone  is  largely  dependent  on  this  epiphysis,  and  hence  anything  which 
interferes  with  the  growth  from  this  epiphysial  line  at  any  time  prior  to  the  union  of  the  epiphysis 
with  the  diaphysis  must  result  in  a  cessation  of  growth  in  length  of  that  bone.  Thus  when  deal- 
ing with  disease  in  the  neighborhood  of  this  actively  growing  epiphysis  very  great  care  should 
be  taken  not  to  excise  or  destroy  its  line  of  union  with  the  diaphysis.  These  epiphyses  are  par- 
ticularly prone  to  become  the  seat  of  tuberculous  disease,  which  especially  tends  to  attack  the 
soft,  highly  vascular  cancellous  tissue. 

Again,  the  actively  growing  epiphysial  plate  is  the  portion  of  a  long  bone  which  is  in  the  vast 
majority  of  cases  affected  by  tumor  growth  in  bone,  whether  it  be  innocent  or  malignant,  the 
former  {e.  g,,  osteoma)  usually  appearing  about  puberty,  and  the  latter  (e.  g.,  sarcoma)  usually 
toward  the  end  of  the  active  period  of  epiphysial  growth. 

Epiphysial  growth,  moreover,  has  to  be  considered  by  the  surgeon  when  he  is  about  to  ampu- 
tate in  a  child.  If  the  amputation  is  being  performed  through  a  bone,  the  actively  growing 
epiphysis  of  which  is  at  the  upper  end,  and  which  will  continue  to  grow  for  several  years  (e.  g., 
humerus  and  tibia),  it  will  be  necessary  to  make  allowance  for  this  and  to  cut  the  flaps  long; 
as  otherwise,  owing  to  continued  growth,  the  sawn  end  of  the  bone  will  ultimately  project  through 
the  stump,  and  a  condition  known  as  "conical  stump''  will  result.  This  requires  removal  of  a 
further  portion  of  the  bone. 

An  inflammatory  condition  termed  acute  epiphysitis  abo  occurs,  although  it  is  not  so  frequent 
as  the  acute  infective  conditions  of  the  diaphysis,  owing  to  the  freer  blood  supply  of  the  epiphysis; 
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in  late  years  it  has  been  shown  that  acute  epiphysitis  in  children  is  very  frequently  the  result 
of  B.  pneumococcal  infection,  and  it  may  pass  on  to  complete  separation  of  the  epiphysis.  In 
this  connection  it  is  worth}'  of  note  that  some  of  the  epiphysial  hnes  lie  entirely  within  the  cap- 
sules of  their  corresponding  joints,  in  Other  cases  entirely  without  the  capsules;  and  it  must  follow 
that  in  the  former  case  epiphysial  disease,  acute  or  chronic,  becomes,  tpao/ac(o,  practically  synony- 
mous with  disease  of  that  joint.  The  best  examples  of  intra-articular  epiphyses  are  those  for  the 
head  of  the  femur  and  head  of  the  humerus,  and  the  vast  maj  ority  of  all  cases  of  tuberculous  disease 
of  the  hip  start  as  a  tuberculous  epiphysitis  about  the  intra-articular  epiphysial  plate  of  the  femur; 
■gain  cases  of  acute  septic  arthritis  of  the  shoulder  or  hip  joints  generally  have  their  origins  in 
these  iDtra-articular  epiphysial  lines,  and  often  result  in  separation  of  the  affected  epiphysis. 
Those  of  the  other  class,  or  extra-articular  epiphyses,  when  diseased,  do  not  tend  to  involve  the 
neighboring  joint  bo  readily;  and  it  should  be  the  surgeon's  duty  to  keep  the  disease  from  involv- 
ing the  joint.  For  example,  the  trochanteric  epiphysis  of  the  femur  is  extra-articular  as  r^arda 
the  hip-joint,  and  the  epiphysial  line  of  the  head  of  the  tibia  is  well  below  the  level  of  the  knee- 
joint,  and  should  a  chronic  tuberculous  abscess  form  in  the  latter  situation,  it  should  be  attacked 
from  the  outside  before  it  has  time  to  spread  up  and  involve  the  cartilage  of  the  head  of  the  tibia. 
It  is  therefore  of  great  surgical  interest  to  note  in  every  case  the  relations  which  the  variouB 
epiphysial  lines  bear  to  their  respective  joint  capsules. 

A  knowledge  of  the  exact  periods  when  the  epiphyses  become  joined  to  the  shaft  is  often  of 
great  importance  in  medicolegal  inquiries.  It  also  aids  the  surgeon  in  the  diagnosis  of  many  of 
the  injuries  to  which  the  joints  are  liable;  for  it  not  infrequently  happens  that,  on  the  application 
of  ^e^'e^e  force  to  a  joint,  the  epiphysis  becomes  separated  from  the  diaphysis,  and  such  injuries 
may  be  mistaken  for  fracture  or  dislocation. 


THE  CIHCUL&TING   HiUIDS. 

The  circulating  fluids  of  the  body  are  the  blood  and  the  Irmph. 

Blood.— The  blood  is  an  opaque,  rather  viscid  fluid,  of  a  bright  red  or  scarlet 
color  when  it  flows  from  the  arteries,  of  a  dark  red  or  purple  color  when  it  flows 
from  the  veins.  It  is  salt  to  the  taste,  and  has  a  peculiar  faint  odor  and  an  alkaline 
reaction.  Its  specific  gravity  is  about  1.06,  and  its  temperature  is  generally  about 
37°  C,  though  varying  slightly  in  different  parts  of  the  body. 

Qflneral  Compositum  of  the  Blood. — Blood  consists  of  a  faintly  yellow  fluid,  the 
plasma  or  liquor  sangnmis,  in  which  are  suspended  niunerous  minute  particles, 
the  blood  corpuades,  the  majority  of  which  are  colored  and  give  to  the  blood  its 
red  tint.  If  a  drop  of  blood  be  placed  in  a  thin  layer  on  a  glass  slide  and  examined 
under  the  microscope,  a  number  of  these  corpuscles  will  be  seen  floating  in  the 
plasma. 

The  Blood    Corpuscles   are   of  M^^  ^^     h 

three  kinds:  (1)  colored  cor- 
pnscles  or  erythrocytes;  (2)  color- 
leas  corpuscles  or  leucocytes;  (3) 
blood  platelets. 

1.  Colored  or  red  corpuscles 
(erytkwcytes) ,  when  examined 
under  the  microscope,  are  seen 
to  be  circular  disks,  biconcave  in 
profile.  The  disk  has  no  nucleus, 
but,  in  consequence  of  its  bicon- 
cave  shape,   presents,  according 

^      ^,  ,2        S  It  J  Fib.  38,— Humiui  retl  blood  corpuacles     Highly  mBgoified.    a. 

to   the  alterations  of  focus  under      S«d  from  the  surface     b    been  m  profile  and  lorinlDE  roubuu. 

an  oidinarj-  high  power,  a  central  ^i^°^'™*  ■"''"""'  ""  """'  "  ^"^""^  """'"  ^  '^^ 
part,  sometimes  bright,  sometimes 

dark,  which  has  the  appearance  of  a  nucleus  (Fig.  38,  a).  It  is  to  the  aggregation 
of  the  ted  corpuscles  Uiat  the  blood  owes  its  red  hue,  although  when  examined 
by  transmitted  light  their  color  appears  to  be  only  a  faint  reddish  yellow.  The 
corpuscles  vary  slightly  in  size  even  in  the  same  drop  of  blood,  but  the  average 


62  HISTOLOGY 

• 

diameter  of  each  is  about  7.5/*/  and  the  thickness  about  2/i.  Besides  these  there 
are  found  certain  smaller  corpuscles  of  about  one-half  of  the  size  just  indicated; 
these  are  termed  microcytes,  and  are  very  scarce  in  normal  blood;  in  diseased  con- 
ditions {e.  g,,  anemia),  however,  they  are  more  numerous.  The  number  of  red 
corpuscles  in  the  blood  is  enormous;  between  4,000,000  and  5,000,000  are  con- 
tained in  a  cubic  millimetre.  Power  states  that  the  red  corpuscles  of  an  adult 
would  present  an  aggregate  surface  of  about  3000  square  yards. 

If  the  web  of  a  living  frog's  foot  be  spread  out  and  examined  under  the  micro- 
scope the  blood  is  seen  to  flow  in  a  continuous  stream  through  the  vessels,  and  the 
corpuscles  show  no  tendency  to  adhere  to  each  other  or  to  the  wall  of  the  vessel. 
Doubtless  the  same  is  the  case  in  the  human  bodv;  but  when  human  blood  is  drawn 
and  examined  on  a  slide  without  reagents  the  corpuscles  tend  to  collect  into  heaps 
like  rouleaux  of  coins  (Fig.  38,  6).  It  has  been  suggested  that  this  phenomenon 
may  be  explained  by  alteration  in  surface  tension.  During  life  the  red  corpuscles 
may  be  seen  to  change  their  shape  under  pressure  so  as  to  adapt  themselves,  to 
some  extent,  to  the  size  of  the  vessel.  They  are,  however,  highly  elastic,  and 
speedily  recover  their  shape  when  the  pressure  is  removed.  They  are  readily 
influenced  by  the  medium  in  which  they  are  placed.  In  water  they  swell  up,  lose 
their  shape,  and  become  globular  (endosmosis)  (Fig.  38,  c).  Subsequently  the 
hemoglobin  is  dissolved  out,  and  the  envelope  can  barely  be  distinguished  as  a 
faint  circular  outline.  Solutions  of  salt  or  sugar,  denser  than  the  plasma,  give 
them  a  stellate  or  crenated  appearance  (exosmosis)  (Fig.  38,  d),  but  the  usual 
shape  may  be  restored  by  diluting  the  solution  to  the  same  tonicity  as  the  plasma. 
The  crenated  outline  may  be  produced  as  the  first  effect  of  the  passage  of  an  elec- 
tric shock:  subsequently,  if  sufficiently  strong,  the  shock  ruptures  the  envelope. 
A  solution  of  salt,  isotonic  with  the  plasma,  merely  separates  the  blood  corpuscles 
mechanically,  without  changing  their  shape.  Two  views  are  held  with  regard  to 
the  structure  of  the  erythrocytes.  The  older  view,  that  of  Rollett,  supposes  that 
the  corpuscle  consists  of  a  sponge  work  or  stroma  permeated  by  a  solution  of  hemo- 
globin. Schafer,  on  the  other  hand,  believes  that  the  hemoglobin  solution  is  con- 
tained within  an  envelope  or  membrane,  and  the  facts  stated  above  with  regard 
to  the  osmotic  behavior  of  the  erythrocyte  support  this  belief.  The  envelope 
consists  mainly  of  lecithin,  chplesterin,  and  nucleoprotein. 

The  colorless  corpuscles  or  leucocytes  are  of  various  sizes,  some  no  larger,  others 
smaller,  than  the  red  corpuscles,  In  human  blood,  however,  the  majority  are 
rather  larger  than  the  red  corpuscles,  and  measure  about  10/*  in  diameter.  On  the 
average  from  7000  to  12,000  leucocytes  are  found  in  each  cubic  millimetre  of 
blood. 

They  consist  of  minute  masses  of  nucleated  protoplasm,  and  exhibit  several 
varieties,  which  are  differentiated  from  each  other  chiefly  by  the  occurrence  or 
non-occurrence  of  granules  in  their  protoplasm,  and  by  the  staining  reactions  of 
these  granules  when  present  (Fig.  39).  (1)  The  most  numerous  (60  per  cent.)  and 
important  are  irregular  in  shape,  possessed  of  the  power  of  amoeboid  movement, 
and  are  characterized  by  nuclei  which  often  consist  of  two  or  three  parts  (multi- 
partite) connected  together  by  fine  threads  of  chromatin.  The  protoplasm  is 
clear,  and  contains  a  number  of  very  fine  granules,  which  stain  with  acid  dyes, 
such  as  eosin,  or  with  neutral  dyes,  and  are  therefore  called  oxyphil  or  neutrophil 
(Fig.  39,  P).  These  cells  are  termed  the  polymorphonuclear  leucocytes.  (2)  A 
second  variety  comprises  from  1  to  4  per  cent,  of  the  leucocytes;  they  are  larger 
than  the  previous  kind,  and  are  made  up  of  coarsely  granular  protoplasm,  the 
granules  being  highly  refractile  and  grouped  around  single  nuclei  of  horse-shoe 
shape  (Fig.  39,  E).    The  granules  stain  deeply  with  eosin,  and  the  cells  are  there- 

»  A  micromillimetre  (/O  is  1/1000  of  a  millimetre  or  1/25000  of  an  inch. 
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40  mm.  Their  breadth  varies  in  man  from  0.01  to  0.1  mm.  As  a  rule,  the  fibres 
do  not  divide  or  anastomose;  but  occasionally,  especially  in  the  tongue  and  facial 
muscles,  they  may  be  seen  to  divide  into  several  branches.  In  the  substance  of 
the  muscle,  the  fibres  end  by  tapering  extremities  which  are  joined  to  the  ends 
of  other  fibres  by  the  sarcolemma.  At  the  tendinous  end  of  the  muscle  the  sareo- 
lemma  appears  to  blend  with  a  small  bundle  of  fibres,  into  which  the  tendon 
becomes  subdivided,  while  the  muscular  substance  ends  abruptly  and  can  be 
readily  made  to  retract  from  the  point  of  junction.  The  areolar  tissue  between 
the  fibres  appear  to  be  prolonged  more  or  less  into  the  tendon,  so  as  to  form  a  kind 
of  sheath  around  the  tendon  bundles  for  a  longer  or  shorter  distance,  When 
muscular  fibres  are  attached  to  skin  or  mucous  membranes,  their  fibres  become 
continuous  with  those  of  the  areolar  tissue. 


Fra.  42. — Tratmene  KUtinn  of  humui  atriped  miucls  fibre*.         Pia.  13.— Striped  muKle  fibres  from  tangue  of 


The  aarcolemma,  or  tubular  sheath  of  the  fibre,  is  a  transparent,  elastic,  and 
apparently  homogeneous  membrane  of  considerable  toughness,  so  that  it  some- 
times remains  entire  when  the  included  substance  is  ruptured.  On  the  internal 
surface  of  the  sarcolemma  in  mammalia,  and  also  in  the  substance  of  the  fibre 
in  frogs,  elongated  nuclei  are  seen,  and  in  connection  with  these  is  a  little  granular 
protoplasm. 

Upon  examination  of  a  voluntary  muscular  fibre  by  transmitted  light,  it  is 
found  to  be  marked  by  alternate  light  and  dark  bands  or  strife,  which  pass  trans- 
versely across  the  fibre  (Fig.  43).  When  examined  by  polarized  light  the  dark 
bands  are  found  to  be  doubly  refracting  (anisotropic),  while  the  clear  stripes  are 
singly  refracting  (isotropic).  The  dark  and  light  bands  are  of  nearly  equal  breadth, 
and  alternate  with  great  regularity;  they  vary  in  breadth  from  about  1  to  2/i. 
If  the  surface  be  carefully  focussed,  rows  of  granules  will  be  detected  at  the  points 
of  junction  of  the  dark  and  light  bands,  and  very  fine  longitudinal  lines  may  be 
seen  running  through  the  dark  bands  and  joining  these  granules  together.  By 
treating  the  specimen  with  certain  reagents  (e.  g.,  chloride  of  gold)  fine  lines  may 
be  seen  running  transversely  between  the  granules  and  uniting  them  together. 
This  appearance  is  believed  to  be  due  to  a  reticulum  or  network  of  interstitial 
substance  lying  between  the  contractile  portions  of  the  muscle.  The  longitudinal 
striation  gives  the  fibre  the  appearance  of  being  made  up  of  a  bundle  of  fibrils 
which  have  been  termed  sarcoatrlea  or  mtisele  colimuis,  and  if  the  fibre  be  hardened 
in  alcohol,  it  can  be  broken  up  longitudinally  and  the  sarcostyles  separated  from 
each  other  (Fig.  44.)  The  reticulum,  with  its  longitudinal  and  transverse  meshes, 
is  called  sarcoplaam. 
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In  a  transverse  section,  the  muscular  fibre  is  seen  to  be  divided  into  a  number 
of  areas,  called  the  areas  of  Cotmheim,  more  or  less  polyhedral  in  shape  and  con- 
sisting of  the  transversely  divided  sarcostyles,  surrounded  bv  transparent  sarco- 
plasm  (Fig.  42). 

Upon  closer  examination,  and  by  somewhat  altering  the  focus,  the  appearances 
become  more  complicated,  and  are  susceptible  of  various  interpretations.  The 
transverse  striation,  which  in  Fig. 
43  appears  as  a  mere  alternation  of 
dark  and  light  bands,  is  resolved 
into  the  appearance  seen  in  Fig.  44, 
which  shows  a  series  of  broad  dark 
bands,  separated  b\'  light  bands, 
each  of  which  is  divided  into  two 
by  a  dark  dotted  line.  This  line  is 
termed  Dobu's  line  or  Kratue's  mem- 
brane (Fig.  45,  k),  because  it  was 
believed  by  Krause  to  be  an  actual 
membrane,  continuous  with  the  sar- 
colemma,  and  dividing  the  light 
band  into  two  compartments.  In 
addition  to  the  membrane  of  Krause, 
fine  clear  lines  may  be  made  out, 
with  a  sufficiently  high  power,  cross- 
ing the  centre  of  the  dark  band; 
these  are  known  as  the  lines  of  Hensen 
(Fig.  45,  H). 

Fio.  44,— .4.  Portion  o!  a  medium-siwd  human  mmculM  Schafer  haS  WOrkcd  OUt  thc  minutC 

Gbra.    Munified  nearly  800  diameiere.    £.  Separaled  bundle!  ,  •  t         ni. 

of  Gbrila.  equalb'  madiiRed.    a.  a.  larger,  and  b.  b.  xmaUor      anatomy  01   mUSCUlar    fabrC,  partlCU- 

bS"dS^h'ii.'''        """""    '''  ''■  '^''° ""'""'  "^"^ """"    larly  in  the  wing  muscles  of  insects, 
which  are  peculiarly  adapted  for  this 
purpose  on  account  of  the  large  amount  of  interstitial  sarcoplasm  which  sepa-    ■ 
rates  the  sarcostyles.    In  the  following  description  that  given  by  Schafer  will  be 
closely  followed. 


Fio.  4a.~Din«rani  o[  a  aarromere.    (Aricr  SrbUet.)     A.  Id  modermCcly  eilendcd  conditioa.    B.  In  *  contraeud 
gondition.    Jt.  t.  Membraaeiot  Krauio.    //.  IJaeor  planeof  Henaea,     5.£.  PDHIeroiuaarooiusleinent. 

A  sarcostyle  may  be  said  to  be  made  up  of  successive  portions,  each  of  which 
is  termed  a  sarcomere.  The  sarcomere  is  situated  between  two  membranes  of  Krause 
and  consists  of  (1)  a  central  dark  part,  which  forms  a  portion  of  the  dark  band 
of  the  whole  fibre,  and  is  named  a  aarcous  element.  This  sarcous  element  really 
consists  of  two  parts,  superimposed  one  on  the  top  of  the  other,  and  when  the  fibre 
is  stretched  these  two  parts  become  separated  from  each  other  at  the  line  of  Hensen 
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(Fig.  45,  A).  (2)  On  either  side  of  this  central  dark  portion  is  a  clear  layer,  most 
visible  when  the  fibre  is  extended;  this  is  situated  between  the  dark  centre  and  the 
membrane  of  Krause,  and  when  the  sarcomeres  are  joined  together  to  form  the 
sarcostyle,  constitutes  the  light  band  of  the  striated  muscular  fibre. 

When  the  sarcostyle  is  extended,  the  clear  intervals  are  well-marked  and  plainly 
to  be  seen;  when,  on  the  other  hand,  the  sarcostyle  is  contracted,  that  is  to  say, 
when  the  muscle  is  in  a  state  of  contraction,  these  clear  portions  are  very  small 
or  they  may  have  disappeared  altogether  (Fig.  45,  B),  When  the  sarcostyle  is 
stretched  to  its  full  extent,  not  only  is  the  clear  portion  well-marked,  but  the  dark 
portion — the  sarcous  element — is  separated  into  its  two  constituents  along  the 
line  of  Hensen.  The  sarcous  element  does  not  lie  free  in  the  sarcomere,  for  when 
the  sarcostyle  is  stretched,  so  as  to  render  the  clear  portion  visible,  very  fine 
lines,  which  are  probably  septa,  may  be  seen  running  through  it  from  the  sarcous 
element  to  the  membrane  of  Krause. 

Schafer  explains  these  phenomena  in  the  following  way:  He  considers  that  each 
sarcous  element  is  made  up  of  a  number  of  longitudinal  channels,  which  open 
into  the  clear  part  toward  the  membrane  of  Krause  but  are  closed  at  the  line  of 
Hensen.  WTien  the  muscular  fibre  is  contracted  the  clear  part  of  the  muscular 
substance  is  driven  into  these  channels  or  tubes,  and  is  therefore  hidden  from 
sight,  but  at  the  same  time  it  swells  up  the  sarcous  element  and  widens  and  shortens 
the  sarcomere.  When,  on  the  other  hand,  the  fibre  is  extended,  this  clear  sub- 
stance is  driven  out  of  the  tubes  and  collects  between  the  sarcous  element  and 
the  membrane  of  Krause,  and  gives  the  appearance  of  the  light  part  between 
Hhese  two  structures;  by  this  means  it  elongates  and  narrows  the  sarcomere. 

If  this  view  be  true,  it  is  a  matter  of  great  interest,  and,  as  Schafer  has. shown, 
harmonizes  the  contraction  of  muscle  with  the  amoeboid  action  of  protoplasm. 
In  an  amoeboid  cell,  there  is  a  framework  of  spongioplasm,  which  stains  with 
hematoxylin  and  similar  reagents,  enclosing  in  its  meshes  a  clear  substance,  hyalo- 
plasm, which  will  not  stain  with  these  reagents.  Under  stimulation  the  hyaloplasm 
passes  into  the  pores  of  the  spongioplasm;  without  stimulation  it  tends  to  pass 
out  as  in  the  formation  of  pseudopodia.  In  muscle  there  is  the  same  thing,  viz., 
a  framework  of  spongioplasm  staining  with  hematoxylin — ^the  substance  of  the 
sarcous  element — ^and  this  encloses  a  clear  hyaloplasm,  the  clear  substance  of 
the  sarcomere,  which  resists  staining  with  this  reagent.  During  contraction  of  the 
muscle — i.  e.,  stimulation — ^this  clear  substance  passes  into  the  pores  of  the  spongio- 
plasm; while  during  extension  of  the  muscle — i.  e.,  when  there  is  no  stimulation — 
it  tends  to  pass  out  of  the  spongioplasm. 

In  this  way  the  contraction  is  brought  about:  under  stimulation  the  proto- 
plasmic material  (the  clear  substance  of  the  sarcomere)  recedes  into  the  sarcous 
element,  causing  the  sarcomere  to  widen  out  and  shorten.  The  contraction  of  the 
muscle  is  merely  the  sum  total  of  this  widening  out  and  shortening  of  these  bodies. 

Vessels  and  Nenres  of  Striped  Muscle. — ^The  capillaries  oY  striped  muscle  are 
very  abundant,  and  form  a  sort  of  rectangular  network,  the  branches  of  which  run 
longitudinally  in  the  endomysium  between  the  muscular  fibres,  and  are  joined  at 
short  intervals  by  transverse  anastomosing  branches.  In  the  red  muscles  of  the 
rabbit  dilatations  occur  on  the  transverse  branches  of  the  capillary  network.  The 
larger  vascular  channels,  arteries  and  veins,  are  found  only  in  the  perimysium, 
between  the  muscular  fasciculi.  Nerves  are  profusely  distributed  to  striped  muscle. 
Their  mode  of  termination  is  described  on  page  803.  The  existence  of  lymphatic 
vessels  in  striped  muscle  has  not  been  ascertained,  though  they  have  been  found  in 
tendons  and  in  the  sheaths  of  the  muscles. 

Unstiiped,  Plain,  or  Involuntary  Muscle. — Unstriped,  plain,  or  involuntary  muscle 
is  found  in  the  following  situations :  in  the  lower  half  of  the  oesophagus  and  the 
whole  of  the  remainder  of  the  gastro-intestinal  tube;  in  the  trachea  and  bronchi; 


68 


HISTOLOGY 


A 


B 


in  the  gall-bladder  and  common  bile  duct;  in  the  large  ducts  of  the  salivary  and 
pancreatic  glands;  in  the  pelvis  and  calices  of  the  kidney,  the  ureter,  bladder, 
and  urethra;  in  the  female  sexual  organs — viz.,  the  ovary,  the  uterine  tubes,  the 
uterus  (enormously  developed  in  pregnancy),  the  vagina,  the  broad  ligaments,  and 
the  corpora  cavernosa  of  the  clitoris;  in  the  male  sexual  organs — viz.,  the  dartos 
of  the  scrotum,  the  ductus  deferens  and  epididymis,  the  vesiculae  seminales,  the 
prostate,  and  the  corpora  cavernosa  of  the  penis  and  urethra;  in  the  capsule  and 
trabeculse  of  the  spleen;  in  the  mucous  membranes,  forming  the  muscularis  mucosfie; 

in  the  skin,  forming  the  Arrectores  pilorum,  and  also 
in  the  sweat  glands;  in  the  arteries,  veins,  and  lym- 
phatics; in  the  iris  and  the  ciliarj'  muscle. 

Plain  or  unstriped  muscle  is  made  up  of  spindle- 
shaped  cells,  called  contractile  fibre  cells,  collected  into 
bundles  and  held  together  by  a  cement  substance  (Fig. 
46).  These  bundles  are  further  aggregated  into  larger 
fasciculi,  or  flattened  bands,  and  bound  together  by 
ordinary  connective  tissue. 

The    contractile   fibre    cells   are  elongated,  spindle- 
shaped,  nucleated  cells  of  various  sizes,  averaging  from 
40  to  80m  in  length,  and  6  to  7^  in  breadth.      On 
transverse  section  they  are  more  or  less  polyhedral  in 
shape,  from  mutual  pressure.    Each  presents  a  faint 
longitudinal  striation  and  consists  of  an  elastic  cell  wall 
containing  a  central  bundle  of  fibrillse,  representing  the 
contractile  substance,  and  an  oval  or  rod-like  nucleus, 
which  includes,  within  a  membrane,  a  fine  net-work 
communicating  at  the  poles  of  the  nucleus  with  the 
contractile  fibres  (Klein).    The  fibres  are  attached  to 
one  another  by  a  certain  amount  of  interstitial  cement 
substance  which  reduces  nitrate  of  silver,  but  in  some 
regions,  e.  g.,  the  muscular  coats  of  the  intestines,  the 
muscle  cells  are  also  connected  by  "bridges"  similar  to 
those  which  occur  in  the  prickle  cells  of  the  epidermis. 
Unstriped  muscle,  except  the  ciliary  muscle,  is  not  under 
the  control  of  the  will,  neither  is  the  contraction  rapid 
nor  does  it,  as  a  rule,  involve  the  whole  muscle,  as  is 
the  case  with  the  voluntary  muscles.    The  membranes 
which  are  composed  of  unstriped  muscle  slowly  contract 
in  a  part  of  their  extent,  generally  under  the  influence 
of  a  mechanical  stimulus,  as  that  of  distension  or  of 
cold ;  and  then  the  contracted  part  slowly  relaxes  while 
another  portion  of  the  membrane  takes  up  the  contrac- 
tion.   This  peculiarity  of  action  is  most  strongly  marked 
in  the  intestines,  constituting  their  vermicular  motion. 
Cardiac  Muscular  Tissue. — ^The  fibres  of  the  heart  differ  very  remarkably  from 
those  of  other  striped  muscles.    They  are  smaller  by  one-third,  and  their  trans- 
verse strifle  are  by  no  means  so  well-marked.      They  show  faint  longitudinal 
striation.    The  fibres  are  made  up  of  distinct  quadrangular  cells,  joined  end  to 
end  so  as  to  form  a  syncytium  (Fig.  47).    Each  cell  contains  a  clear  oval  nucleus, 
situated  near  its  centre.    The  extremities  of  the  cells  have  a  tendency  to  branch 
or  divide,  the  subdivisions  uniting  with  offsets  from  other  cells,  and  thus  producing 
an  anastomosis  of  the  fibres.    The  connective  tissue  between  the  bundles  of  fibres 
is  much  less  than  in  ordinary  striped  muscle,  and  no  sarcolemma  has  been  proved 
to  exist. 


FiQ.  46. — Muscle  fibres  from 
small  intestine.  (Schftfer.)  A. 
Complete  cell.  B.  Broken  cell 
showmg  delicate  external  layer. 
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Piiikini6  Kbres  (Fig.  48). — Between  the  endocardium  and  the  ordinary  cardiac 
muscle  are  found,  imbedded  in  a  small  amount  of  connective  tissue,  peculiar  fibres 
known  as  Pnrtdnja  fibres.  They  are  found  in  certain  mammals  and  in  birds,  and 
can  be  best  seen  in  the  sheep's  heart,  where  they  form  a  considerable  portion 
of  the  moderator  band  and  also  appear  as  gelatinous-looking  strands  on  the  inner 
walls  of  the  atria  and  ventricles.  They  also  occur  in  the  human  heart  associated 
with  the  terminal  distributions  of  the  bundle  of  His  (see  p.  614).  The  fibres  are 
verj-  much  lai^er  in  size  than  the  cardiac  cells  and  differ  from  them  in  several 
ways.  In  longitudinal  section  they  are  quadrilateral  in  shape,  being  about  twice 
as  long  OS  they  are  broad.  The  central  portion  of  each  fibre  contains  one  or  more 
nuclei  and  is  made  up  of  granular  protoplasm,  with  no  indicatioa  of  striations, 
while  the  peripheral  portion  is  clear  and  has  distinct  transverse  striations.  The 
fibres  are  intimately  connected  with  each  other,  possess  no  definite  sarcolemma, 
and  do  not  branch. 


in  s  loDcitudiiuu  geeuoo.  On  the  nabt  the  luoila  of  the 
■FpKmto  c*Ub  with  their  Dudd  Are  exhibited  sonwwhaldia- 
CiuuiutiaBlly.  Ftq.  4S. — Puritinje  fibres  from  the  eheep'a  heart. 

The  Bandle  of  His  (see  p.  614)  is  composed  of  cells  which  differ  from  ordinary 
cardiac  muscle  cells  in  being  more  spindle-shaped.  They  are,  moreover,  more 
loosely  arranged  and  have  a  richer  vascular  supply  than  the  rest  of  the  heart 
muscle. 

DOTtlcvnunt  tit  Htuds  Fibias. — Voluntary  muscular  fibres  are  developed  from  the  mesoderm, 
tbe  embtyonic  cells  of  which  elongate,  show  multiplication  of  nuclei,  and  eventually  become 
striated;  the  striation  ia  firRt  obvious  at  the  aide  of  tiie  fibres,  spreads  around  the  circumference, 
and  ultimately  extends  to  the  centre.  Tbe  nuclei,  at  first  situated  centrally,  gradually  pass  out 
to  assume  tfieir  final  position  immediately  beneath  the  sarcolemma.  In  the  case  of  involuntary 
muscle  the  mesodermal  cell  assumes  a  pointed  shape  at  the  extremities  and  becomes  flattened,  the 
□ucleuB  also  lengthening  out  to  its  permanent  rod-like  form. 

THE   NEETOUS   TISSUE. 

The  lurvoiu  tissues  of  the  body  comprise  the  brain,  the  medulla  spinalis  or  spinal 
cord,  the  cerebral,  spinal,  and  sympathetic  nerves,  and  the  ganglia  connected  with 
them. 
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The  nerv-ous  tissues  are  composed  of  neire  cells  and  their  various  processes, 
together  with  a  supporting  tissue  called  nenrocUa,  which,  however,  is  found  only 
in  the  brain  and  medulla  spinalis.  Certain  long  processes  of  the  nerve  celts  are  of 
special  importance,  and  it  is  convenient  to  consider  them  apart  from  the  cells; 
they  are  kiiown  as  nerve  fibres. 

To  the  naked  eye  a  difference  is  obvious  between  certain  portions  of  the  brain 
and  medulla  spinalis,  viz.,  the  gray  substance  and  the  white  substance.  The  gray 
substance  is  largely  composed  of  ner\'e  cells,  while  the  white  substance  contains 
only  their  long  processes,  the  nerve  fibres.  It  is  in  the  former  that  nervous  impres- 
sions are  received,  stored,  and  transformed  into  efferent  impulses,  and  by  the  latter 
that  they  are  conducted.  Hence  the  gray  substance  forms  the  essential  constituent 
of  all  the  ganglionic  centres,  both  those  in  the  isolated  ganglia  and  those  aggregated 
in  the  brain  and  medulla  spinalis;  while  the  white  substance  forms  the  bulk  of  the 
commissural  portions  of  the  nerve  centres  and  the  peripheral  nerves. 


— Nfliirog;liA  AeLlA  of  bi 


shown  by  Goui  fl  i 
B.  Spider  cell  wil 


Neuroglia. — Neuroglia,  the  peculiar  ground  substance  in  which  are  imbedded  the 
true  nervous  constituents  of  the  brain  and  medulla  spinalis,  consists  of  cells  and 
fibres.  Some  of  the  cells  are  stellate  in  shape,  with  ill-defined  cell  body,  and  their 
fine  processes  become  neuroglia  fibres,  which  extend  radially  and  unbranched 
(Fig.  49,  B)  among  the  nerve  cells  and  fibres  which  they  aid  in  supporting.  Other 
cells  give  off  fibres  which  branch  repeatedly  (Fig.  49,  A).  Some  of  the  fibres  start 
from  the  epithelial  cells  lining  the  ventricles  of  the  brain  and  central  canal  of 
the  medulla  spinalis,  and  pass  through  tlie  ner\'ou3  tissue,  branching  repeatedly 
to  end  in  slight  enlargements  on  the  pia  mater.  Thus,  neuroglia  is  evidently  a 
connective  tissue  in  function  but  is  not  so  in  development;  it  is  ectodermal  in 
origin,  whereas  all  connective  tissues  are  mesodermal. 

Nerre  Cells  (Fig.  50).— Nerve  cells  are  largely  aggregated  in  the  gray  substance 
of  the  brain  and  medulla  spinalis,  but  smaller  collections  of  these  cells  also  form 
the  swellings,  called  ganglia,  seen  on  many  nerves.  These  latter  are  found  ehieflj' 
upon  the  spinal  and  cerebral  ner\e  roots  and  in  connection  with  the  sympathetic 
nerves. 

The  nerve  cells  vary  in  shape  and  size,  and  have  one  or  more  processes.  Thcj- 
may  be  di\idcd  for  purposes  of  description  into  three  groups,  according  to  the 
number  of  processes  which  they  possess:  (1)  Unipolar  cells,  which  are  found  in 
the  spinal  ganglia;  the  single  process,  after  a  short  course,  divides  in  a  T-shaped 
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manner  (Fig.  50,  E).  (2)  Bipolar  cells,  also  found  in  the  spinal  ganglia  (Fig.  61), 
when  the  cells  are  in  an  embryonic  condition.  They  are  best  demonstrated  in  the 
spinal  ganglia  of  fish.    Sometimes  the  processes  come  off  from  opposite  poles  of 
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the  cell,  and  the  cell  then  assumes  a  spindle 

shape;  in  other  cells  both  processes  emerge 

at  the  same  point.    In  some  cases  where 

two  fibres  are  apparently'  connected  with  a 

cell,  one  of  the  fibres  is  reall\'  derived  from 

an  adjoining  nerve  cell   and  is  passing  to 

aih  end  in  a  ramification   an>und  the  ganglion 

cell,  or,  again,  it  maj'  be   coiled    spirally 

around  the  nerve  process  which   is  issuing 

^"  "■^'S'^"S^."tiueTKmi.t^'' ^""     from  the  cell.     (3)  Multipolar  cells,   which 

are    pjramidal    or    stellate   in   shape,  and 

characterized  by  their   large   size  and  by   the  numerous  processes  which   issue 

from  them.     The  processes  are  of  two  kinds:  one  of  them  is  termed  the  aiis- 

cjUnder  process  or  axon  because  it  becomes  the  axis-cylinder  of  a   nerve  fibre 
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(Figs.  52,  53,  54).  The  others  are  termed  the  protoplasmic  processes  or  dendrons; 
they  begiD  to  divide  aod  subdivide  as  soon  as  they  emerge  from  the  cell,  and 
finally  end  in  minute  twigs  and  become  lost  among  the  other  elements  of  the 
nervous  tissue. 

The  body  of  the  nerve  cell,  known  as  the  CTton,  consists  of  a  finely  fibrillated 
protoplasmic  material,  of  a  reddish  or  yeilowish-brown  color,  which  occasionally 
presents  patches  of  a  deeper  tint,  caused  by  the  aggregation  of  pigment  granules 
at  one  side  of  the  nucleus,  as  in  the  substantia  nigra  and  locus  caeruleus  of  the 
brain.    The  protoplasm  also  contains  peculiar  angular  granules,  which  stain  deeply 
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with  basic  dyes,  such  as  methylene  blue;  these  are  known  as  Niasl'a  granules  {Fig. 
52).  They  extend  into  the  dendritic  processes  but  not  into  the  axis-cylinder;  the 
small  clear  area  at  the  point  of  exit  of  the  axon  is  termed  the  cone  at  oriffin.  These 
granules  disappear  (ckroTtiatolysis)  during  fatigue  or  after  prolonged  stimulation 
of  the  nerve  fibres  connected  with  the  cells.  They  are  supposed  to  represent  a 
store  of  nervous  energj-,  and  in  various  mental  diseases  are  deficient  or  absent. 
The  nucleus  is,  as  a  rule,  a  large,  well-defined,  spherical  body,  often  presenting  an 
intranuclear  network,  and  containing  a  well-marked  nucleolus. 
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In  addition  to  the  protoplasmic  network  described  above,  each  nerve  cell  may 
be  shown  to  have  delicate  neurofibrils  running  through  its  substance  (Fig.  55); 
these  fibrils  are  continuous  with  the  fibrils  of  the  axon,  and  are  believed  to 
convey  nerve  impulses.  Golgi  has  also  described  an  extracellular  network,  which 
is  probably  a  supporting  structure. 

Nerre  Pibres. — Nerve  fibres  are  found  universally  in  the  peripheral  nerves 
and  in  the  white  substance  of  the  brain  and  medulla  spinalis.  They  are  of  two 
kinds— ^iz.,  inediiUat«d  or  white  fibres,  and  non-meduUated  or  giaj  fibres. 


Fro.  5S. — Nsrrc  cell)  o(  kitten,  showing  nsuioGbrilg.    (Cajal.)    s.  Aioo.    b.  Cytoo.    c.  Nucleiu.    d.  Neurofibril*. 

The  mednllated  fibres  form  the  white  part  of  the  brain  and  medulla  spinalis,  and 
also  the  greater  part  of  every  cerebral  and  spinal  nerve,  and  give  to  these  structures 
theb  opaque,  white  aspect.  When  perfectly  fresh  they  appear  to  be  homogeneous; 
but  soon  after  removal  from  the  body  each  fibre  presents,  when  examined  by  trans- 
mitted light,  a  double  outline  or  contour,  as  if  consisting  of  two  parts  (Fig.  56). 
The  central  portion  is  named  the  axis-cylinder;  around  this  is  a  sheath  of  fatty 
material,  staining  black  with  osmic  acid,  named  the  white  substance  of  Schwann 
or  mednllary  sbeath,  which  gives  to  the  fibre  its  double  contour,  and  the  whole 
is  enclosed  in  a  delicate  membrane,  the  neurolemma,  piimitive  sheath,  or  nacleated 
Bheatb  of  Schwann  (Fig.  58). 

The  axis-cjrUndet  is  the  essential  part  of  the  ner\'e  fibre,  and  is  always  present; 
the  medullary  sheath  and  the  neurolemma  are  occasionally  absent,  expecially  at 
the  origin  and  termination  of  the  nerve  fibre.  The  axis-cylinder  undergoes  no 
interruption  from  its  origin  in  the  nerve  centre  to  its  peripheral  termination,  and 
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must  be  regarded  as  a  direct  prolongation  of  a  nerve  cell.  It  constitutes  about 
one-half  or  one-third  of  the  nerve  fibre,  being  greater  in  proportion  in  the  fibres 
of  the  central  organs  than  in  those  of  the  nerves.  It  is  quite  transparent,  and  is 
therefore  indistinguishable  in  a  perfectly  fresh  and  natural  state  of  the  nerve. 
It  is  made  up  of  exceedingly  fine  fibrils,  which  stain  darkly  with  gold  chloride 
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(Fig.  57),  and  at  its  termination  may  be  seen  to  break  up  into  these  fibrillffi.  The 
fibriliffi  have  been  termed  the  primitiTe  flbrilla  of  Sehultze.  The  axis-cylinder  Is 
said  by  some  to  be  enveloped  in  a  special  reticular  sheath,  which  separates  it  from 
the  medullary  sheath,  and  is  composed  of  a  substance  called  neun&era&i.  Tlie 
more  common  opinion  is  that  this  network  or  reticulum  is  contained  in  the  white 
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matter  of  Schwann,  and  by  some  it  is   believed  to  be  produced  by  the  action  of 
the  reagents  employed  to  show  it. 

The  medvllkry  sheath,  of  white  matter  of  Schwaim  (Fig.  57),  is  regarded  as  being  a 
fatty  matter  in  a  fluid  state,  which  insulates  and  protects  the  essential  part  of  the 
■  nerve — the  axis-cj'linder.  It  varies  in  thickness,  in  some  forming  a  layer  of  extreme 
thinness,  so  as  to  be  scarcely  distinguishable,  in  others  forming  about  one-half  the 
ner\'e  fibre.  The  variation  in  diameter  of  the  nerve  fibres  (from  2  to  16^)  depends 
mainly  upon  the  amount  of  the  white  substance,  though  the  axis  cylinder  also 
^■aries  within  certain  limits.  The  medullary  sheath  undergoes  interruptions  in  its 
continuity  at  regular  intervals,  giving  to  the  fibre  the  appearance  of  constriction 
at  these  points;  these  are  known  as  the  nodes  of  Eanvier  (Figs.  57  and  58).  The 
portion  of  nerve  fibre  between  two  nodes  is  called  an  inteniodal  segment.  The 
neurolemma  or  primitive  sheath  is  not  interrupted  at  the  nodes,  but  passes  over 
them  as  a  continuous  membrane.  If  the  fibre  be  treated  with  silver  nitrate  the 
reagent  penetrates  the  neurolemma  at  the  nodes,  and  on  exposure  to  light  reduction 
takes  place,  ^ving  rise  to  the  appearance  of  black  crosses,  Banvier's  crosaes,  on  the 
axis-cylinder.    There  may  also  be  seen  transverse  lines  be>-ond  the  nodes  termed 
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Frommann's  lines  {Fig.  59);  the  significance  of  these  is  not  understood.  In  addi- 
tion to  these  interruptions  oblique  clefts  may  be  seen  in  the  medullary  sheath, 
subdividing  it  into  irregular  portions,  which  are  termed  medullar;  Begments,  or 
■epnants  of  Lantermann  (Fig.  57) ;  there  is  reason  to  belie\'e  that  these  clefts  are 
artificially  produced  in  the  preparation  of  the  specimens.  Medullated  ner\'e 
fibres,  when  examined  in  the  fresh  condition,  frequently  present  a  beaded  or  vari- 
cose appearance:  this  is  due  to  manipulation  and  pressure  causing  the  oily  matter 
to  collect  into  drops;  and  in  consequence  of  the  extreme  delicacy  of  the  primitive 
sheath,  even  alight  pressure  will  cause  the  transudation  of  the  fatty  matter,  which 
collects  as  drops  of  oil  outside  the  membrane. 

The  neurolemma  or  primitive  sheath  presents  the  appearance  of  a  delicate, 
structureless  membrane.  Here  and  there  beneath  it,  and  situated  in  depressions 
in  the  white  matter  of  Schwann,  are  nuclei  surrounded  by  a  small  amount  of 
protoplasm.  The  nuclei  are  oval  and  somewhat  flattened,  and  bear  a  definite 
relation  to  the  nodes  of  Ranvier,  one  nucleus  generally  lying  in  the  centre  of  each 
intemode.  The  primitive  sheath  is  not  present  in  all  medullated  ner\e  fibres, 
being  absent  in  those  fibres  which  are  found  in  the  brain  and  medulla  s 
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Wallerian  Degeneration. — When  nerve  fibres  are  cut  across,  the  central  ends  of  the  fibres 
degenerate  as  far  as  the  first  node  of  Ranvier;  but  the  peripheral  ends  degenerate  simultaneously 
throughout  their  whole  length.    The  axons  break  up  into  fragments  and  become  surrounded  by 
drops  of  fatty  substance  which  are  formed  from  the  breaking  down  of  the  medullary  sheath. 
The  nuclei  of  the  primitive  sheath  proliferate,  and  finally  absorption  of  the  axons  and  fatty 
substance  occurs.    If  the  cut  ends  of  the  nerve  be  sutured  together  regeneration  of  the  nerve 
fibres  takes  place  by  the  downgrowth  of  axons  from  the  central  end  of  the  nerve.    At  one  time 
it  was  believed  that  the  regeneration  wafi  peripheral  in  origin,  but  this  has  been  disproved,  the 
proUf erated  nuclei  in  the  peripheral  portions  tajcing  part  merely^  in  the  formation  of  the  so-called 
scaffolding  along  which  the  new  axons  pass. 

Non-mednllated  Fibres. — Most  of  the  fibres  of  the  sympathetic  system,  and 
some  of  the  cerebrospinal,  consist  of  the  gray  or  gelatinous  nerve  fibres  {fibres  of 
Remak)  (Fig.  60).  Each  of  these  consists  of  an  axis-cylinder  to  which  nuclei  are 
applied  at  intervals.  These  nuclei  are  believed  to  be  in  connection  with  a  delicate 
sheath  corresponding  with  the  neurolenmia  of  the  meduUated  nerve  fibre.  In 
external  appearance  the  non-medullated  nerve  fibres  are  semitransparent  and  gray 
or  yellowish  gray.  The  individual  fibres  vary  in  size,  generally  averaging  about 
half  the  size  of  the  meduUated  fibres. 
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T^HE  term  Embryology,  in  its  widest  sense,  is  applied  to  the  various  changes 
^  which  take  place  during  the  growth  of  an  animal  from  the  egg  to  the  adult 
condition:  it  is,  however,  usually  restricted  to  the  phenomena  which  occur  before 
birth.  Embryology  may  be  studied  from  two  aspects:  (1)  that  of  ontogeny,  which 
deals  only  with  the  development  of  the  individual;  and  (2)  that  of  phylogeny, 
which  concerns  itself  with  the  evoluntionary  history  of  the  animal  kingdom. 

In  vertebrate  animals  the  development  of  a  new  being  can  only  take  place  when 
a  female  germ  cell  or  ovum  has  been  fertilized  by  a  male  germ  cell  or  spermatosoon. 
The  ovum  is  a  nucleated  cell,  and  all  the  complicated  changes  by  which  the  various 
tissues  and  organs  of  the  body  are  formed  from  it,  after  it  has  been  fertilized,  are 
the  result  of  two  general  processes,  viz.,  segmentation  and  differentiation  of  cells. 
Thus,  the  fertilized  ovum  undergoes  repeated  segmentation  into  a  number  of  cells 
which  at  first  closely  resemble  one  another,  but  are,  sooner  or  later,  differentiated 
into  two  groups:  (1)  somatic  cells,  the  function  of  which  is  to  build  up  the  various 
tissues  of  the  body;  and  (2)  germinal  cells,  which  become  imbedded  in  the  sexual 
glands — the  ovaries  in  the  female  and  the  testes  in  the  male — and  are  destined  for 
the  perpetuation  of  the  species. 

Having  regard  to  the  main  purppse  of  this  work,  it  is  impossible,  in  the  space 
available  in  this  section,  to  describe  fully,  or  illustrate  adequately,  all  the  phenom- 
ena which  occur  in  the  different  stages  of  the  development  of  the  human  body. 
Only  the  principal  facts  are  given,  and  the  student  is  referred  for  further  details 
to  one  or  other  of  the  text-books^  on  human  embryology. 

• 

THE   OVUM. 

The  ova  are  developed  from  the  primitive  germ  cells  which  are  imbedded  in 
the  substance  of  the  ovaries.  Each  primitive  germ  cell  gives  rise,  by  repeated 
divisions,  to  a  number  of  smaller  cells  termed  o5gonia,  from  which  the  ova  or 
primary  o5cytes  are  developed. 

Human  ova  are  extremely  minute,  measuring  about  0.2  mm.  in  diameter,  and 
are  enclosed  within  the  egg  follicles  of  the  ovaries;  as  a  rule  each  follicle  contains 
a  single  ovum,  but  sometimes  two  or  more  are  present.*  By  the  enlargement  and 
subsequent  rupture  of  a  follicle  at  the  surface  of  the  ovary,  an  ovum  is  liberated  and 
conveyed  by  the  uterine  tube  to  the  cavity  of  the  uterus.  Unless  it  be  fertilized 
it  undergoes  no  further  development  and  is  discharged  from  the  uterus,  but  if 
fertilization  take  place  it  is  retained  within  the  uterus  and  is  developed  into  a 
new  being. 

In  appearance  and  structure  the  ovum  (Fig.  61)  differs  little  from  an  ordinary 
cell,  but  distinctive  names  have  been  applied  to  its  several  parts;  thus,  the  cell 
substance  is  known  as  the  yolk  or  ooplasm,  the  nucleus  as  the  germinal  vesicle,  and 
the  nucleolus  as  the  germinal  spot.    The  ovum  is  enclosed  within  a  thick,  trans- 

'  Manual  of  Human  Embryology,  Keibel  and  Mall;  Handbucb  der  vergleichenden  und  experimentellen  Entwickel- 
DQgBlehra  der  Wirbeltiere,  Oskar  Hertwig;  I^hrbuch  der  Entwickelungsgeschicbte,  Bonnet;  The  Physiology  of 
ReprcMhietioo,  MarahAll. 

*  See  deacription  of  the  ovary  on  a  future  page. 
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parent  envelope,  the  wma  striata  or  lona  pellucida,  adhering  to  the  outer  surface 
of  which  are  several  layers  of  cells,  derived  from  those  of  the  follicle  and  collectively 
constituting  the  corona  radiata. 

Tolk. — The  yolk  comprises  (1)  the  CTtoplasm  of  the  ordinary  animal  cell  with  its 
spongioplasm  and  hyaloplasm;  this  is  frequently  termed  the  formatlT«  yolk;  (2) 
the  nutritive  yolk  or  dnetoplasm,  which  consists  of  numerous  rounded  granules  of 
fatty  nnd  albuminoid  substances  imbedded  in  the  cytoplasm.  In  the  mammalian 
ovum  the  nutritive  yolk  is  extremely  small  in  amount,  and  is  of  service  in  nourish- 
ing the  embryo  in  the  early  stages  of  its  development  only,  whereas  in  the  egg 
of  the  bird  there  is  sufRcient  to  supply  the  chick  with  nutriment  throughout 
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the  whole  period  of  incubation.  The  nutritive  yolk  not  only  varies  in  amount, 
but  in  its  mode  of  distribution  within  the  egg;  thus,  in  some  animals  it  is  almost 
uniformly  distributed  throughout  the  cytoplasm;  in  some  it  is  centrally  placed  and 
is  surrounded  by  the  cytoplasm;  in  others  it  is  accumulated  at  the  lower  pole  of  the 
ovum,  while  the  cytoplasm  occupies  the  upper  pole.  A  eentrosome  and  centriole 
are  present  and  lie  in  the  immediate  neighborhood  of  the  nucleus. 

Genninal  Vesicle. — The  germinal  vesicle  or  nucleus  is  a  large  spherical  body 
whicli  at  first  occupies  a  nearly  central  position,  but  becomes  eccentric  as  the  growth 
of  the  ovum  proceeds.  Its  structure  is  that  of  an  ordinary  cell-nucleus,  viz.,  it 
consists  of  a  reticulum  or  karyomitome,  the  meshes  of  which  are  filled  with 
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karj'oplasm,  while  connected  with,  or  imbedded  in,  the  reticulum  are  a  number 
of  chromatin  masses  or  chromosomes,  which  may  present  the  appearance  of  a 
skein  or  may  assume  the  form  of  rods  or  loops.  The  nucleus  is  enclosed  by  a 
delicate  nuclear  membrane,  and  contains  in  its  interior  &  well-defined  nucleolus 
or  germinal  spot. 

CorerinKS  of  the  Omm.— The  una  striata  or  sona  pellneida  (Fig.  61)  is  a  thick 
membrane,  which,  under  the  higher  powers  of  the  microscope,  is  seen  to  be  radially 
striated.  It  persists  for  some  time  after  fertilization  has  occurred,  and  may  serve 
for  protection  during  the  earlier  stages  of  segmentation.  It  is  not  yet  determined 
whether  the  zona  striata  is  a  product  of  the  cytoplasm  of  the  ovum  or  of  the  cells 
of  the  corona  radiata,  or  both. 

The  corona  radiata  (Fig.  61]  consists  or  two  or  three  strata  of  cells;  they  are 
derived  from  the  cells  of  the  follicle,  and  adhere  to  the  outer  surface  of  the  zona 
striata  when  the  ovum  is  set  free  from  the  follicle;  the  cells  are  radially  arranged 
around  the  zona,  those  of  the  innermost  layer  being  columnar  in  shape.  The 
cells  of  the  corona  radiata  soon  disappear;  in  some  animals  they  secrete,  or 
are  replaced  by,  a  layer  of  adhesive  protein,  which  may  assist  in  protecting  and 
nourishing  the  ovum. 

The  phenomena  attending  the  discharge  of  the  ova  from  the  follicles  belong 
more  to  the  ordinary  functions  of  the  ovary  than  to  the  general  subject  of  embry- 
ology, and  are  therefore  described  with  the  anatomy  of  the  o 
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Mator&tioii  of  the  Ovum. — Before  an  ovum  can  be  fertilized  it  must  undergo 
a  process  of  matnration  or  ripening.  This  takes  place  previous  to  or  immediately 
after  its  escape  from  the  follicle,  and  consists  essentially  of  an  unequal  subdivision 
of  the  ovum  (Fig.  62)  first  Into  two  and  then  into  four  cells.  Three  of  the  four 
cells  are  small,  incapable  of  further  development,  and  are  termed  polar  bodies  or 
polocTtes,  while  the  fourth  is  large,  and  constitutes  the  mature  orum.  The  process 
of  maturation  has  not  been  observed  in  the  human  ovum,  but  has  been  carefully 
studied  in  the  ova  of  some  of  the  lower  animals,  to  which  the  following  description 
applies. 

It  was  pointed  out  on  page  35  that  the  number  of  chromosomes  found  in  the 
nucleus  is  constant  for  all  the  cells  in  an  animal  of  any  gi^'en  species,  and  that  in 
man  the  number  is  probably  twenty-four.    This  applies  not  only  to  the  somatic 
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cells  but  to  the  primitive  ova  and  their  descendants.  For  the  purpose  of  illustrating 
the  process  of  maturation  a  species  may  be  taken  in  which  the  number  of  nuclear 
chromosomes  is  four  (Fig.  36).  If  an  ovum  from  such  be  observed  at  the  beginning 
of  the  maturation  process  it  will  be  seen  that  the  number  of  its  chromosomes  is 
apparently  reduced  to  two.  In  reality,  however,  the  number  is  doubled,  since 
each  chromosome  consists  of  foiu*  granules  grouped  to  form  a  tetrad.  During  the 
metaphase  (see  page  36)  each  tetrad  divides  into  two  dyads,  which  are  equally 
distributed  between  the  nuclei  of  the  two  cells  formed  by  the  first  division  of  the 
ovum.  One  of  the  cells  is  almost  as  large  as  the  original  ovum,  and  is  named 
the  secondary  o5cyto;  the  other  is  small,  and  is  termed  the  first  polar  body.  The 
secondary  oocyte  now  undergoes  subdivision,  during  which  each  dyad  divides  and 
contributes  a  single  chromosome  to  the  nucleus  of  each  of  the  two  resulting  cells. 
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Fio.  63. — Diagram  showing  the  reduction  in  number  of  the  chromosomes  in  the  process  of  maturation  of  the  ovum. 

This  second  division  is  also  unequal,  producing  a  large  cell  which  constitutes  the 
mature  ovum,  and  a  small  cell,  the  second  polar  body.  The  first  polar  body  fre- 
quently divides  while  the  second  is  being  formed,  and  as  a  final  result  four  cells 
are  produced,  viz.,  the  mature  ovum  and  three  polar  bodies,  each  of  which  con- 
tains two  chromosomes,  i.  e.,  one-half  the  number  present  in  the  nuclei  of  the 
somatic  cells  of  members  of  the  same  species.  The  nucleus  of  the  mature  ovum 
is  termed  the  female  pronucleus. 

THE   SPERMATOZOON. 

The  spermatoaoa  or  male  germ  cells  are  developed  in  the  testes  and  are  present 
in  enormous  numbers  in  the  seminal  fluid.  Each  consists  of  a  small  but  greatly 
modified  cell.  The  human  spermatozoon  possesses  a  head,  a  neck,  a  connecting 
piece  or  body,  and  a  tail  (Fig.  64). 

The  head  is  oval  or  elliptical,  but  flattened,  so  that  when  viewed  in  profile 
it  is  pear-shaped.    Its  anterior  two-thirds  are  covered  by  a  layer  of  modified  proto- 
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plasm,  which  is  named  the  head-cap.  Thb,  in  some  animals,  e.  g.,  the  salamander, 
is  prolonged  into  a  barbed  spear-like  process  or  perforator,  which  probably  facilitates 
the  entrance  of  the  spermatozoon  into  the  ovum.  The  posterior  part  of  the  head 
exhibits  an  affinity  for  certain  reagents,  and  presents  a  transversely  striated  appear- 
ance, being  crossed  by  three  or  four  dark  bands.  In  some  animals  a  central  rod- 
like filament  extends  forward  for  about  two-thirds  of  the  length  of  the  head,  while 
in  others  a  rounded  body  is  seen  near  its  centre.  The  head  contains  a  mass  of 
chromatin,  and  is  generally  regarded  as  the  nucleus  of  the  cell  surrounded  by  a 
thin  envelope. 
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The  obA  is  less  constricted  in  the  human  spermatozoon  than  in  those  of  some 
of  the  lower  animals.  The  antwlor  centriole,  represented  by  two  or  three  rounded 
particles,  is  situated  at  the  junction' of  the  head  and  neck,  and  behind  it  is  a  band 
of  homogeneous  substance. 

The  onmectinc  piece  or  bodf  .is  rod-like,  and  is  limited  behind  by  a  terminal 
disk.  The  posterior  centriole  is  placed  at  the  junction  of  the  body  and  neck  and, 
like  the  anterior,  consists  of  two  or  three  rounde^l  particles.  From  this  centriole 
an  axial  filament,  surrounded  by  a  sheath,  runs  backward  through  the  body  and 
tail.  In  the  body  the  sheath  of  the  axial  filament  is  encircled  by  a  q>iral  thread, 
around  which  is  an  envelope  containing  mitochondria  granules,  and  termed  the 
mitocfaoiidiia  sheath. 
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The  tail  is  of  great  length,  and  consists  of  the  axial  thread  or  filament,  sur- 
rounded by  its  sheath,  which  may  contain  a  spiral  thread  or  may  present  a  striated 
appearance.  The  terminal  portion  or  end-piece  of  the  tail  consists  of  the  axial 
filament  only. 

Krause  gives  the  length  of  the  human  spermatozoon  as  between  52  ^  and  62 /Lt, 
the  head  measuring  4  to  5/i,  the  connecting  piece  6/jl,  and  the  tail  from  41^t  to  52 /Lt. 

By  virtue  of  their  tails,  which  act  as  propellers,  the  spermatozoa  are  capable  of 
free  movement,  and  if  placed  in  favorable  surroundings,  e.  g,,  in  the  female  pas- 
sages, will  retain  their  vitality  and  power  of  fertilizing  for  several  days.  In  certain 
animals,  e.  g.,  bats,  it  has  been  proved  that  spermatozoa  retained  in  the  female 
passages  for  several  months  are  capable  of  fertilizing. 

Primary  oocyte  Primary  apermatocyte 


Secondary  [^  /^  f^\  (\  Secondary 

odoyte     \^)  \^  VJ     .  \^)  spermatocytes 


Mature 
.ovttm 

Polar  bodies  Spermatids 

Fig.  65. — Scheme  Bhowing  analogies  in  the  process  of  maturation  of  the  ovum  and  the  development  of  the  spermatids 

(young  spermatosoa). 

The  spermatozoa  are  developed  from  the  primitive  germ  cells  which  have  become 
imbedded  in  the  testes,  and  the  stages  of  their  development  are  very  similar  to  those 
of  the  maturation  of  the  ovum.  The  primary  germ  cells  undergo  division  and 
produce  a  number  of  cells  termed  spermatogonia,  and  from  these  the  primary 
spermatocytes  are  derived.  Each  primary  spermatoc>i:e  divides  into  two  secondary 
spermatocytes,  and  each  secondary  spermatocyte  into  two  spermatids  or  young 
spermatozoa;  from  this  it  will  be  seen  that  a  primary  spermatocyte  gives  rise  to 
four  spermatozoa.  On  comparing  this  process  with  that  of  the  maturation  of  the 
ovum  (Fig.  65)  it  will  be  observed  that  the  primary  spermatocyte  gives  rise  to 
two  cells,  the  secondary  spermatocytes,  and  the  primary  oocyte  to  two  cells,  the 
secondary  oocyte  and  the  first  polar  body.  Again,  the  two  secondary  sperma- 
tocytes by  their  subdivision  give  origin  to  foiu*  spermatozoa,  and  the  secondary 
oocyte  and  first  polar  body  to  foiu*  cells,  the  mature  ovum  and  three  polar  bodies. 
In  the  development  of  the  spermatozoa,  as  in  the  maturation  of  the  oviun,  there 
is  a  reduction  of  the  nuclear  chromosomes  to  one-half  of  those  present  in  the 
primary •  spermatocyte.  But  here  the  similarity  ends,  for  it  must  be  noted  that 
the  four  spermatozoa  are  of  equal  size,  and  each  is  capable  of  fertilizing  a  mature 
ovum,  whereas  the  three  polar  bodies  are  not  only  very  much  smaller  than  the 
mature  ovum  but  are  incapable  of  further  devetopment,  and  may  be  regarded  as 
abortive  ova. 

FERTILIZATION   OF   THE   OVUM. 

Fertilization  consists  in  the  union  of  the  spermatozoon  with  the  mature  ovum 
(Fig.  66).    Nothing  is  known  regarding  the  fertilization  of  the  human  ovum,  but 
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the  various  stages  of  the  process  have  been  studied  in  other  mammals^  and  from 
the  knowledge  so  obtained  it  is  believed  that  fertilization  of  the  human  ovum  takes 
place  in  the  lateral  or  ampullary  part  of  the  uterine  tube,  and  the  ovum  is  then 
conveyed  along  the  tube  to  the  cavity  of  the  uterus — a  journey  probably  occupy- 
ing seven  or  eight  days  and  during  which  the  ovum  loses  its  corona  radiata  and  zona 
striata  and  undergoes  segmentation.  Sometimes  the  fertilized  ovum  is  arrested 
in  the  uterine  tube,  and  there  imdergoes  development,  giving  rise  to  a  tvbal  preg- 
nancy;  or  it  may  fall  into  the  abdominal  cavity  and  produce  an  abdominal  preg- 
nancy. Occasionally  the  ovum  is  not  expelled  from  the  follicle  when  the  latter 
ruptures,  but  is  fertilized  within  the  follicle  and  produces  what  is  known  as  an 
ovarmn  pregTiancy,    Under  normal  conditions  only  one  spermatozoon  enters  the 
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Fra.  66. — The  proofs  of  fertilisation  in  the  ovum  of  a  mouse.     (After  Sobotta.) 


yolk  and  takes  part  in  the  process  of  fertilization.  At  the  point  where  the  sperma- 
tozoon is  about  to  pierce,  the  yolk  is  drawn  out  into  a  conical  elevation,  termed 
the  cone  of  attraction.  As  soon  as  the  spermatozoon  has  entered  the  yolk,  the  per- 
ipheral portion  of  the  latter  is  transformed  into  a  membrane,  the  yitelline  membrane 
which  prevents  the  passage  of  additional  spermatozoa.  Occasionally  a  second 
spermatozodn  may  enter  the  yolk,  thus  giving  rise  to  a  condition  of  polyspermy: 
when  this  occurs  the  ovum  usually  develops  in  an  abnormal  manner  and  gives  rise 
to  a  monstrosity.  Having  pierced  the  yolk,  the  spermatozoon  loses  its  tail,  while 
its  head  and  connecting  piece  assume  the  form  of  a  nucleus  containing  a  cluster  of 
chromosomes.  This  constitutes  the  male  pronucleus,  and  associated  with  it  there  are 
a  centriole  and  centrosome.  The  male  pronucleus  passes  more  deeply  into  the  yolk, 
and  coincidently  with  this  the  granules  of  the  cytoplasm  surrounding  it  becomes 
radially  arranged.   The  male  and  female  pronuclei  migrate  toward  each  other,  and. 
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meetiDg  near  the  centre  of  the  yolk,  fuse  to  form  a  new  nucleus,  the  segmentation 
naclens,  which  therefore  contains  both  male  and  female  nuclear  substance;  the 
former  transmits  the  individualities  of  the  male  ancestors,  the  latter  those  of  the 
female  ancestors,  to  the  future  embryo.  By  the  union  of  the  male  and  female 
pronuclei  the  number  of  chromosomes,  is  restored  to  that  which  is  present  in  the 
nuclei  of  the  somatic  cells. 


SEOBOENTATIOK    OF   THE  FERTILIZED   OVDH. 

The  early  segmentation  of  the  human  ovum  has  not  yet  been  observed,  but 
judging  from  what  is  known  to  occur  in  other  manmials  it  may  be  regarded  a.s 
certain  that  the  process  starts  immediately  after  the  ovum  has  been  fertilized, 
t.  e.,  while  the  ovum  is  in  the  uterine  tube.  The  segmentation  nucleus  exhibits 
the  usual  mitotic  changes,  and  these  are  succeeded  by  a  division  of  the  ovum  into 
two  cells  of  nearly  equal  size.'  The  process  is  repeated  again  and  again,  so  that 
the  two  cells  are  succeeded  by  four,  eight,  sixteen,  thirty-two,  and  so  on,  with  the 
result  that  a  mass  of  cells  is  found  within  the  zona  striata,  and  to  this  mass  the  term 
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mornla  is  applied  (Fig.  67).  The  segmentation  of  the  mammalian  ovum  may  not 
take  place  in  the  regular  sequence  of  two,  four,  eight,  etc.,  since  one  of  the  two  first 
formed  cells  may  subdivide  more  rapidly  than  the  other,  giving  rise  to  a  three- 
or  a  five-cell  stage.  The  cells  of  the  morula  are  at  first  closely  aggregated,  but  soon 
they  become  arranged  into  an  outer  or  peripheral  layer,  the  trophoblast,  which 
does  not  contribute  to  the  formation  of  the  embryo  proper,  and  an  Inner  cell-mus, 
from  which  the  embryo  is  developed.  Fluid  collects  between  the  trophoblast 
and  the  greater  part  of  the  inner  cell-mass,  and  thus  the  morula  is  converted  into 
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a  vesicle,  the  blastodermic  Tesicle  (Fig.  68).  The  inner  cell-mass  remains  in  con- 
tact, however,  with  the  trophoblast  at  one  pole  of  the  ovum;  this  is  named  the 
ambtymnie  poto,  since  it  indicates  the  situation  where  the  future  embryo  will  be 
developed.  The  cells  of  the  trophoblast  become  differentiated  into  two  strata:  an 
outer,  termed  the  STScytlimi  or  syncytiotrophoblast,  so  named  because  it  consists  of 
a  layer  of  protoplasm  studded  with  nuclei,  but  showing  no  evidence  of  subdivision 
into  ceils;  and  an  inner  layer,  the  cjtotrophoblast  or  Itijet  of  Langhans,  in  which 
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the  cell  outlines  are  defined.  As  already  stated,  the  cells  of  the  trophoblast  do  not 
contribute  to  the  formation  of  the  embryo  proper;  they  form  the  ectoderm  of  the 
chorion  and  play  an  important  part  in  tiie  development  of  the  placenta.  On  the 
deep  surface  of  the  inner  cell-masa  a  layer  of  flattened  cells,  the  entoderm,  is  differ- 
entiated and  quickly  assumes  the  form  of  a  small  sac,  the  yoLk-sae.  Spaces  appear 
between  the  remaining  cells  of  the  mass  (Fig.  69),  and  by  the  enlargement  and 
coalescence  of  these  spaces  a  cavity,  termed  the  amniotic  cavity  (Fig.  70),  is  gradually 
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developed.  The  floor  of  this  cavity  is  formed  by  the  embiyooiie  disk  composed 
of  a  layer  of  prismatic  cells,  the  embryonie  ectodorm,  derived  from  the  imier  cell- 
mass  and  lying  in  apposition  with  the  entoderm. 

The  PrimitlTe  Streak;  Formation  of  the  Mesoderm.— The  embryonic  disk 
becomes  oval  and  then  pear-shaped,  the  wider  end  being  directed  forward.    Near 
the  narrow,  posterior  end  an  opaque  streak,  the  primitiTe 
streak  (Figs.  71  and  72),  makes  its  appearance  and  extends 
along  the  middle  of  the  disk  for  about  one-half  of  its 
length;  at  the  anterior  end  of  the  streak  there  is  a  knob- 
like thickening  termed  Henaen's  knot.     A  shallow  groove, 
the  primittTe  groove,  appears  on  the  surface  of  the  streak, 
and  the  anterior  end  of  this  groove  conmiunicates  by 
means  of  an  aperture,  the  blastopore,  with  the  yolk-sac. 
The  primitive  streak  is  produced  by  a  thickening  of  the 
axial  part  of  the  ectoderm,  the  cells  of  which  multiply, 
grow  downward,  and  blend  with  those  of  the  subjacent 
Fi    71  — Surface' viaw  of     entoderm  (Fig.  73).    From  the  sides  of  the  primitive  streak 
embivo  of  a  rabwt.   !*((*'     a  third  layer  of  cells,  the  mesoderm,  extends  lateralward 
duk.  pr.  Primitive  strnk.        between  the  cctodcrm  and  entoderm;  the  caudal  end  of 
the  primitive  streak  forms  the  cloacal  membrane. 
The  extension  of  the  mesoderm  takes  place  throughout  the  whole  of  the  embry- 
onic and  extra-embryonic  areas  of  the  ovum,  except  in  certain  regions.    One  of 
these  is  seen  immediately  in  front  of  the  neural  tube.    Here  the  mesoderm  extends 
forward  in  the  form  of  two  crescentic  masses,  which  meet  in  the  middle  line  so  as 
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to  enclose  behind  them  an  area  which  is  devoid  of  mesoderm.  Over  this  area  the 
ectoderm  and  entoderm  come  into  direct  contact  with  each  other  and  constitute 
a  thin  membrane,  the  baceopharyngeal  membrane,  which  forms  a  septum  between 
the  primitive  mouth  and  pharynx.  In  front  of  the  buccopharyngeal  area,  where 
the  lateral  crescents  of  mesoderm  fuse  in  the  middle  line,  the  pericardium  is 
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afterward  developed,  and  this  region  is  therefore  designated  the  pericardial  uea.  A 
second  region  where  the  mesoderm  is  absent,  at  least  for  a  time,  is  that  imme* 
diately  in  front  of  the  pericardial  area.  This  is  termed  the  pTO&mniotie  uea,  and 
is  the  region  where  the  pniatnnion  is  developed;  in  man,  however,  a  proamnion  is 
apparently  never  formed.  A  third  region  is  at  the  hind  end  of  the  embryo  where 
the  ectoderm  and  entoderm  come  into  apposition  and  form  the  cloaca!  membrane. 


TTie  blastoderm  now  consists  of  three  layers,  named  from  without  inward: 
ectoderm,  mesoderm,  and  entoderm;  each  has  distinctive  characteristics  and  gives 
rise  to  certain  tissues  of  the  body.' 

Ectoderm. — ^The  ectoderm  congistsof  columnar  cells,which  are,  however,  somewhat 
flattened  or  cubical  toward  the  margin  of  the  embryonic  disk.  It  forms  the  whole 
of  the  nervous  system,  the  epidermis  of  the  skin,  the  lining  cells  of  the  sebaceous, 
sudoriferous,  and  mammary  glands,  the  hairs  and  nails,  the  epithelium  of  the  nose 
and  adjacent  air  sinuses,  and  that  of  the  cheeks  and  roof  of  the  mouth.  From  it 
also  are  derived  the  enamel  of  the  teeth,  and  the  anterior  lobe  of  the  hypophysis 
cerebri,  the  epithelium  of  the  cornea,  conjunctiva,  and  lacrimal  glands,  and  the 
neuro-epithelium  of  the  sense  organs. 

Entoderm. — ^The  entoderm  consists  at  first  of  flattened  cells,  which  subsequently 
become  columnar.  It  forms  the  epithelial  lining  of  the  whole  of  the  digestive  tube 
excepting  part  of  the  mouth  and  pharynx  and  the  terminal  part  of  the  rectum 
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(which  are  lined  by  involutions  of  the  ectoderm),  the  lining  cells  of  all  the  glands 
which  open  into  tiie  digestive  tube,  including  those  of  the  liver  and  pancreas, 
the  epithelium  of  the  auditory  tube  and  tympanic  cavity,  of  the  trachea,  bronchi, 
and  air  cells  of  the  lungs,  of  the  urinary  bladder  and  part  of  the  urethra,  and  that 
which  lines  the  follicles  of  the  thyroid  gland  and  thjTnus. 

Mesoderm. — The  mesoderm  consists  of  loosely  arranged  branched  cells  sur- 
rounded by  a  considerable  amount  of  intercellular  fluid.  From  it  the  remaining 
tissues  of  the  body  are  developed.  The  endothelial  lining  of  the  heart  and  blood- 
vessels and  the  blood  corpuscles  are,  however,  regarded  by  some  as  being  of  ento- 
dermal  origin. 


As  the  mesoderm  develops  between  the  ectoderm  and  entoderm  it  is  separated 
into  lateral  halves  by  the  neural  tube  and  notochord,  presently  to  be  described.  A 
longitudinal  groove  appears  on  the  dorsal  surface  of  either  half  and  divides  it  into 
a  medial  column,  the  paraxial  memderm,  lying  on  the  side  of  the  neural  tube,  and 
a  lateral  portion,  the  lateral  mesoderm.  The  mesoderm  in  the  floor  of  the  groove 
connects  the  paraxial  with  the  lateral  mesoderm  and  is  known  as  the  intermediate 
cell-mass;  in  it  the  genito-urinary  organs  are  developed.  The  lateral  mesoderm 
splits  into  two  layers,  an  outer  or  somatic,  which  becomes  applied  to  the  inner  surface 
of  the  ectoderm,  and  with  it  forms  the  somatopleore ;  and  an  inner  or  spluiclmic, 
which  adheres  to  the  entoderm,  and  with  it  forms  the  splanchnopleore  (Fig.  74). 
The  space  between  the  two  laj-ers  of  the  lateral  mesoderm  is  termed  the  cc^om. 


THE  NEURAL  GROOVE  AND  TUBE 


THE  NEU&AL  OROOTE  AND  TUBE. 


In  front  of  the  primitive  streak  two  longitudinal  ridges,  caused  by  a  folding  up 
of  the  ectoderm,  make  their  appearance,  one  on  either  side  of  the  middle  line 
(Fig.  74),  These  are  named  the  neural  (olda;  they  commence  some  little  distance 
behind  the  anterior  end  of  the  embryonic  disk,  where  they  are  continuous  with 
each  other,  and  from  there  gradually  extend  backward,  one  on  either  side  of  the 
anterior  end  of  the  primitive  streak.  Between  these  folds  is  a  shallow  median 
groove,  the  nenral  gToore  (Figs.  74, 75).  The  groovtf  gradually  deepens  as  the  neural 
folds  become  elevated,  and  ultimately  the  folds  meet  and  coalesce  in  the  middle  line 
and  convert  the  groove  into  a  closed  tube,  the  neural  tube  or  canal  (Fig.  76),  the 
ectodermal  wall  of  which  forms  the  rudiment  of  the  nervous  system.  By  the 
coalescence  of  the  neural  folds  over  the  anterior  end  of  the  primitive  streak,  the 
blastopore  no  longer  opens  on  the  surface  but  into  the  closed  canal  of  the  neural 
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tube,  and  thus  a  transitory  communication,  the  neuienterlc  eanal,  is  established 
between  the  neural  tube  and  the  primitive  digestive  tube.  The  coalescence  of  the 
neural  folds  occurs  first  in  the  region  of  the  hind-brain,  and  from  there  extends 
forward  and  backward;  toward  the  end  of  the  third  week  the  front  opening  (anterior 
neuropore)  of  the  tube  finally  closes  at  the  anterior  end  of  the  futm'e  brain,  and 
forms  a  recess  which  is  in  contact,  for  a  time,  with  the  overlying  ectoderm;  the 
hinder  part  of  the  neural  groove  presents  for  a  time  a  rhomboidal  shape,  and  to  this 
expanded  portion  the  term  sinos  rbomboidalis  has  been  applied  (Fig.  76).  Before 
the  neural  groove  is  closed  a  ridge  of  ectodermal  cells  appears  along  the  prominent 
margin  of  each  neural  fold;  this  is  termed  the  neural  crest  or  ganglion  ridce,  and  from 
it  the  spinal  and  cerebral  nerve  g&nglia  and  the  ganglia  of  the  sympathetic  nervous 
sj'stem  are  developed.  By  the  upward  growth  of  the  mesoderm  the  neural  tube 
is  ultimately  separated  from  the  overlying  ectoderm. 

The  cephalic  end  of  the  neural  groove  exhibits  several  dilatations,  which,  when 
the  tube  is  closed,  assume  the  form  of  three  vesicles;  these  constitute  the  three 
primary  cerebral  vesicles,  and  correspond  respectively  to  the  future  p 
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(fore-brain),  meseneqihalMi  (mid-brain),  and  rhombencephaloa  (hind-brain)  (Fig. 
76).  The  walls  of  the  vesicles  are  developed  into  the  nervous  tissue  and  neuroglia 
of  the  brain,  and  their  cavities  are  modified  to  form  its  ventricles.  The  remainder 
of  the  tube  forms  the  medulla  qiiiutUs  or  qdnal  cord;  from  its  ectodermal  wall 
the  nervous  and  neuroglial  elements  of  the  medulla  spinalis  are  developed  while 
the  cavity  persists  as  the  central  canal. 
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THE  NOTOCHORD. 


The  notochord  (Fig,  77)  consists  of  a  rod  of  cells  situated  on  the  ventral  aspect 
of  the  neural  tube;  it  constitutes  the  foundation  of  the  axial  skeleton,  since  around 
it  the  segments  of  the  vertebral  column  are  formed.    Its  appearance  synchronizes 
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with  that  of  the  aeural  tube.  On  the  ventral  aspect  of  the  neural  groove  an  axial 
thickening  of  the  entoderm  takes  place;  this  thickening  assumes  the  appearance 
of  a  furrow — the  chordal  tnrrow — the  margins  of  which  come  into  contact,  and  so 
convert  it  into  a  solid  rod  of  cells — the  notochord — which  is  then  separated  from 
the  entoderm.     It  extends  throughout  the  entire  length  of  the  future  vertebral 
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column,  and  reaches  as  far  as  the  anterior  end  of  the  mid-brain,  where  it  ends  in 
B  hook-like  extremity  in  the  region  of  the  future  dorsum  sellae  of  the  sphenoid 
bone.    It  lies  at  first  between  the  neural  tube  and  the  entoderm  of  the  yolk-sac, 
but  soon  becomes  separated  from  them  by  the  mesoderm,  which  grows  medial- 
ward  and  surrounds  it.    From  the  mesoderm 
surrounding  the  neural  tube  and  notochord, 
the  skull  and  vertebral   column,   and  the 
membranes  of  the  brain  and  medulla  spinalis 
are  developed. 


THE  FBnnnTE    SEGMENTS. 


Toward    the   end    of    the    second   week 
transverse    segmentation    of    the    paraxial 
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mesoderm  begins,  and  it  is  converted  into 
a  series  of  well-defined,  more  or  less  cubical 
masses,  the  primitiTe  segments  (Figs.  76, 
77,  78),  which  occupy  the  entire  length  of 
the  trunk  on  either  side  of  the  middle  line 
from  the  occipital  region  of  the  head.  Each 
segment  contains  a  central  cavity — mjoecsl 
— which,  however,  is  soon  filled  with  angular 
and  spintile-shaped  cells. 

The  primitive  segments  lie  immediately 
under  the  ectoderm  on  the  lateral  aspect  of 
the  neural  tube  and  notochord,  and  are  con- 
nected to  the  lateral  mesoderm  by  the  inter-  ^"^ 
mediate  cell-mass.  Those  of  the  trunk  may 
be  arranged  in  the  following  groups,  viz.:  cer\'ical  8,  thoracic  12,  lumbar  5, 
sacral  5,  and  coccygeal  from  5  to  8.  Those  of  the  occipital  region  of  the  head 
are  usually  described  as  being  four  iu  number.  In  mammals  primitive  segments 
of  the  head  can  only  be  recognized  in  the  occipital  region,  but  a  study  of  the 
lower  vertebrates  leads  to  the  belief  that  they  are  present  also  in  the  anterior 
part  of  the  head,  and  that  altogether  nine  segments  are  represented  in  the 
cephalic  region. 
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SEPARATION  OF   THE  EMBETO. 

•  The  embryo  increases  rapidly  in  size,  but  the  circumferettce  of  the  embryonic 
disk,  or  line  of  meeting  of  the  embryonic  and  amniotic  parts  of  the  ectoderm,  is  of 
relatively  slow  growth  and  gradually  comes  to  form  a  constriction  between  the 
embryo  and  the  greater  part  of  the  yolk-sac.  By  means  of  this  constriction,  which 
corresponds  to  the  future  umbilicus,  a  small  part  of  the  yolk-sac  is  enclosed  within 
the  embryo  and  constitutes  the  primitive  digestive  tube. 

The  embryo  increases  more  rapidly  in  length  than  in  width,  and  its  cephalic  and 
caudal  ends  soon  extend  beyond  the  corresponding  parts  of  the  circumference  of 
the  embryonic  disk  and  are  bent  in  a  ventral  direction  to  form  the  cephalic  and 
caudal  lolds  respectively  (Figs.  84  and  85).    The  cephalic  fold  is  first  formed,  and 


CItorion 

Aleaoderm 

tUUk 
tit-e  alTtak 


Flo.  79.— Section  throusb  the  embryo  wliicb  is  repneented  in  Fig.  75.     (After  Oral  Spee.) 

as  the  proamniotic  area  (page  87)  lying  immediately  in  front  of  the  pericardial 
area  (page  87)  forms  the  anterior  limit  of  the  circumference  of  the  embryonic 
disk,  the  forward  growth  of  the  head  necessarily  carries  with  it  the  posterior  end 
of  the  pericardial  area,  so  that  this  area  and  the  buccopharyngeal  membrane  are 
folded  back  under  the  head  of  the  embryo  which  now  encloses  a  diverticulum  of  the 
yolk-sac  named  the  fore-gut.  The  caudal  end  of  the  embryo  is  at  first  connected 
to  the  chorion  by  a  band  of  mesoderm  called  the  body-stalk,  but  with  the  formation 
of  the  caudal  fold  the  body-stalk  assumes  a  ventral  position;  a  diverticulum  of  the 
yolk-sac  extends  into  the  tail  fold  and  is  termed  the  hind-gut.  Between  the  fore-gut 
and  the  hind-gut  there  exists  for  a  time  a  wide  opening  into  the  yolk-sac,  but  the 
latter  is  gradually  reduced  to  a  small  pear-shaped  sac  (sometimes  termed  the 
umbilical  vesicle),  and  the  channel  of  communication  is  at  the  same  time  narrowed 
and  elongated  to  form  a  tube  called  the  Titellioe  duet. 
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THE  YOLK-SAC. 

The  yolk-sac  (Figs.  79  and  80)  is  situated  on  the  ventral  aspect  of  the  embryo; 
it  is  lined  by  entoderm,  outside  of  which  is  a  layer  of  mesoderm.  It  is  filled  with 
fluid,  the  TiteUlss  fluid,  which  possibly  may  be  utilized  for  the  nourishment  of  the 
embryo  during  the  earlier  stages  of  its  existence.  Blood  is  conveyed  to  the  wall  of 
the  sac  by  the  primitive  aortse,  and  after  circulating  through  a  wide-meshed  capil- 
lary- plexus,  is  returned  by  the  vitelline 

veins  to  the  tubular  heart  of  the  em-  B^Mrf 

brj-o.    This  constitutes  the  vitelline  ^ 

eireoUtigii,  and  by  means  of  it  nutri-  j^f^ 

tive  material  is  absorbed  from  the  ^axuic 
yolk-sac  and  conveyed  to  the  embryo. 
At  the  end  of  the  fourth  week  the  yolk- 
sac  presents  the  appearance  of  a  small 
pear-shaped  vesicle  (umbilical  vesicle) 
opening  into  the  digestive  tube  by  a 
long  narrow  tube,  the  vitelline  doct 
The  vesicle  can  be  seen  in  the  after- 
birth as  a  small,  somewhat  oval-shaped 
body  whose  diameter  varies  from  I 
mm.  to  5  mm.;  it  is  situated  between 

the  aomion  and  the  chorion  and  may  °* 

lie  on  or  at  a  varying  distance  from  ^"'-  »"-»"""  ™''5^.'"ai?)"'™'  "  '^"'"*''" 
the  placenta.     As    a  rule  the   duct 

undergoes  complete  obliteration  during  the  seventh  week,  but  in  about  three 
per  cent,  of  cases  its  proximal  part  persists  as  a  diverticulum  from  the  small 
intestine,  Keckel's  diTerticulnm,  which  is  situated  about  three  or  four  feet  above 
the  ileocolic  junction,  and  may  be  attached  by  a  fibrous  cord  to  the  abdominal 
wall  at  the  umbilicus.  Sometimes  a  narrowing  of  the  lumen  of  the  ileum  is  seen 
opposite  the  site  of  attachment  of  the  duct. 
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The  Allantois  (Figs.  82  to  85). — ^The  allantois  arises  as  a  tubular  diverticulum 
i>f  the  posterior  part  of  the  yolk-sac;  when  the  hind-gut  b  developed  the  allantois 
is  carried  backward  with  it  and  then  opens  into  the  cloaca  or  terminal  part  of  the 
hind-gut:  it  grows  out  into  the  body-stalk,  a  mass  of  mesoderm  which  lies  below 
and  around  the  tail  end  of  the  embryo.  The  diverticulum  is  lined  by  entoderm 
and  covered  by  mesoderm,  and  in  the  latter  are  carried  the  allantoic  or  umbilical 
vessels. 

In  reptiles,  birds,  and  many  mammals  the  allantois  becomes  expanded  into  a 
vesicle  which  projects  into  the  extra-embryonic  ccelom.  If  its  further  development 
be  traced  in  the  bird,  it  b  seen  to  project  to  the  right  side  of  the  embryo,  and, 
inWually  expanding,  it  spreads  over  its  dorsal  surface  as  a  flattened  sac  between 
the  amnion  and  the  serosa,  and  extending  in  all  directions,  ultimately  surrounds 
the  yolk.  Its  outer  wall  becomes  applied  to  and  fuses  with  the  serosa,  which  lies 
immediately  inside  the  shell  membrane.  Blood  is  carried  to  the  allantoic  sac  by 
ihe  two  allantoic  or  umbilical  arteries,  which  are  continuous  with  the  primitive 
aortte,  and  after  circulating  through  the  allantoic  capillaries,  is  returned  to  the 
primitive  heart  by  the  two  umbUical  veins.  In  this  way  the  allantoic  circulation, 
which  is  of  the  utmost  importance  in  connection  with  the  respiration  and  nutrition 
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of  the  chick,  is  establbhed.  Oxygen  is  taken  from,  aad  carbonic  acid  is  given  uf 
to  the  atmosphere  through  the  egg-shell,  while  nutritive  materials  are  at  the  saint 
time  absorbed  by  the  blood  from  the  yolk. 
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Id  man  and  other  primates  the  nature  of  the  allantois  is  entirely  different  from 
that  just  described.  Here  it  exists  merely  as  a  narrow,  tubular  diverticulum  of  the 
hind-gut,  and  never  assumes  the  form  of  a  vesicle  out^de  the  embryo.  With  the 
formfition  of  the  amnion  the  embryo  is,  in  most  animals,  entirely  separated  from 
the  chorion,  and  is  only  again  united  to  it  when  the  allantoic  mesoderm  spreads 
over  and  becomes  applied  to  its  inner  surface.  The  human  embryo,  on  the  other 
hand,  as  was  pointed  out  by  His,  is  never  wholly  separated  from  the  chorion,  its 
tail  end  being  from  the  first  connected  with  the  chorion  by  means  of  a  thick  band 
of  mesoderm,  named  the  body-stalk  (Bauchstiel) ;  into  this  stalk  the  tube  of  the 
allantois  extends  (Fig.  79). 
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The  Amnion. — ^The  amnion  is  a  membranous  sac  which  surrounds  and  protects 
the  embryo.  It  is  developed  in  reptiles,  birds,  and  mammals,  which  are  hence 
called  "  Amniota;"  but  not  in  amphibia  and  fishes,  which  are  consequently  termed 
"  Anamnia." 

In  the  human  embryo  the  earliest  st^es  of  the  formation  of  the  amnion  have  not 
been  observed;  in  the  youngest  embryo  which  has  been  studied  the  amnion  was 
already  present  as  a  closed  sac  (Figs.  81  and  88),  and,  as  indicated  on  page  85, 
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appears  in  the  inner  cell-mass  as  a  cavity.  This  cavity  is  roofed  In  by  a  single 
stratum  of  flattened,  ectodermal  cells,  the  anmiotic  eetodenn,  and  its  floor  consists 
of  the  prismatic  ectoderm  of  the  embryonic  disk— the  continuity  between  the 
roof  and  floor  being  established  at 

the  margin  of  the  embryonic  disk.  pUaentai  villi 

Outside  the  amniotic  ectoderm  is 
a  thin  layer  of  mesoderm,  which 
is   continuous   with    that  of    the 

somatopleure  and  is  connected  by  TM-aae 

the  body-stalk  with  the  meso- 
dermal lining  of  the  chorion. 

When  first  formed  the  amnion 
is  in  contact  with  the  body  of  the 
embryo,  but  about  the  fourth  or 
fifth  week  fluid  {liquor  amnii)  be- 
gins to  accumulate  within  it.  Thb 
fluid  increases  in  quantity  and 
causes  the  amnion  to  expand  and 
ultimately  to  adhere  to  the  inner 
surface  of  the  chorion,  so  that  the 
extra-embryonic  part  of  the  ccelom 
is  obliterated.  The  liquor  amnii 
increases  in  quantity  up  to  the 
sixth  or  seventh  month  of  preg-  "»'"<"«  camty 

t-  1.  •   1.     -J.      i<      <    >  1  Fio    &A. — Dimomm  iUuAtfAtina  m  later  lUn  id  tha  devalonmant 

nancy,  after  which  it  dimimshes    ""■'"■   '^■•«™"    ^i^7mbiii»i  o™ 
somewhat;   at  the  end  of  preg- 

naocy  it  amounts  to  about  1  litre.  It  allows  of  the  free  movements  of  the  fetus 
during  the  later  stages  of  pregnancy,  and  also  protects  it  by  diminishing  the  risk 
of  injury  from  without.    It  contains  less  than  2  per  cent,  of  solids,  consisting  of 
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urea  and  other  extractives,  inorganic  salts,  a  small  amount  of  protein,  and  frequently 
a  trace  of  sugar.  That  some  of  the  liquor  amnii  is  swallowed  by  the  fetus  is  proved 
by  the  fact  that  epidermal  debris  and  hairs  have  been  found  among  the  contents  of 
the  fetal  alimentary  canal. 
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Id  reptiles,  birds,  and  many  mammals  the  amnion  is  developed  in  the  following 
manner:  At  the  point  of  constriction  where  the  primitive  digestive  tube  of  the 
embryo  joins  the  yolk-sac  a  reflection  of  folding  upward  of  the  somatopleure  takes 
place.  This,  the  uDiuotiG  fold  (Fig.  S6),  first  makes  its  appearance  at  the  cephalic 
extremity,  and  subsequently  at  the  caudal  end  and  sides  of  the  embryo,  and  grad- 
ually rising  more  and  more,  its  different  parts  meet  and  fuse  over  the  dorsal  aspect 
of  the  embryo,  and  enclose  a  cavity,  the  amniotic  cavity.  After  the  fusion  of  the 
edges  of  the  amniotic  fold,  the  two  layers  of  the  fold  become  completely  separated, 
the  inner  forming  the  amnion,  the  outer  the  false  amnion  or  serosa.  The  space 
between  the  amnion  and  the  serosa  constitutes  the  extra-embryonic  coelom,  and 
for  a  time  communicates  with  the  embryonic  coelom. 


The  Umbilical  Cord  and  Body-stalk.— The  umbilical  cord  (Fig.  85)  attacheE 
the  fetus  to  the  placenta;  its  length  at  full  time,  as  a  rule,  is  about  equal  to  the 
length  of  the  fetus,  i.  e.,  about  50  cm.,  but  it  may  be  greatly  diminished  or  increased. 
The  rudiment  of  the  umbilical  cord  is  represented  by  lie  tissue  which  connects 
the  rapidly  growing  embryo  with  the  extra-embryonic  area  of  the  ovum.  Included 
in  this  tissue  are  the  body-stalk  and  the  vitelline  duct — the  former  containing  the 
allantoic  diverticulum  and  the  umbilical  vessels,  the  latter  forming  the  communica- 
tion between  the  digestive  tube  and  the  yolk-sac.  The  body-stalk  is  the  posterior 
segment  of  the  embryonic  area,  and  is  attached  to  the  chorion.  It  consists  of  a  plate 
of  mesoderm  covered  by  thickened  ectoderm  on  which  a  trace  of  the  neural  groove 
can  be  seen,  indicating  its  continuity  with  the  embrj-o.  Running  through  its 
mesoderm  are  the  two  umbilical  arteries  and  the  two  umbilical  veins,  together  with 
the  canal  of  the  allantois — the  last  being  lined  by  entoderm  (Fig.  87).  Its  dorsal 
surface  is  covered  by  the  amnion,  while  its  ventral  surface  is  bounded  by  the  extra- 
embryonic ccelom,  and  is  in  contact  with  the  vitelline  duct  and  yolk-sac.  With 
the  rapid  elongation  of  the  embryo  and  the  formation  of  the  tail  fold,  the  body 
stalk  comes  to  lie  on  the  ventral  surface  of  the  embryo  (Figs.  84  and  85),  where 
its  mesoderm  blends  with  that  of  the  yolk-sac  and  the  vitelline  duct.  The  lateral 
leaves  of  somatopleure  then  grow  round  on  each  side,  and,  meeting  on  the  ventral 
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aspect  of  the  allantois,  enclose  the  vitelline  duct  and  vessels,  together  with  a  part 
of  the  extra-embryonic  coelom;  the  latter  is  ultimately  obliterated.  The  cord  is 
covered  by  a  layer  of  ectoderm  which  is  continuous  with  that  of  the  amnion,  and 
its  various  constitutents  are  enveloped  by  embryonic  gelatinous  tissue,  jolly  of 
Whartm.  The  vitelline  vessels  and  duct,  together  with  the  right  umbilical  vein, 
undergo  atrophy  and  disappear;  and  thus  the  cord,  at  birth,  contains  a  pair  of 
umbilical  arteries  and  one  (the  left)  umbilical  vein. 


boplantation  or  Lnbedding  of  the  Ortim.— As  described  (page  82),  fertilization 
of  the  ovum  occurs  in  the  lateral  or  ampuUarj-  end  of  the  uterine  tube  and  is 
immediately  followed  by  segmentation.  On  reaching  the  cavity  of  the  uterus  the 
i«gmented  ovum  adheres  like  a  parasite  to  the  uterine  raucous  membrane,  destroys 
the  epithelium  over  the  area  of  contact,  and  exca\'ates  for  itself  a  cavity  in  the 
mucous  membrane  in  which  it  becomes  imbedded.  In  the  ovum  described  by 
Bryce  and  Teacher'  the  point  of  entrance  was  visible  as  a  small  gap  closed  by  a 
mass  of  fibrin  and  leucocytes;  in  the  ovum  described  by  Peters^  the  opening  was 
covered  by  a  mushroom-shaped  mass  of  fibrin  and  blood-clot  (Fig.  88),  the  narrow 
stalk  of  which  plugged  the  aperture  in  the  mucous  membrane.  Soon,  however, 
all  trace  of  the  opening  is  lost  and  the  ovum  is  then  completel\-  surrounded  bj-  the 
uterine  mucous  membrane. 

The  structure  actively  concerned  in  the  process  of  excavation  is  the  trophoblast 
of  the  ovum,  which  possesses  the  power  of  dissoh'ing  and  absorbing  the  uterine 
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tissues.  The  trophoblast  proliferates  rapidly  and  forms  a  network  of  branching 
processes  which  cover  the  entire  ovum  and  invade  and  destroy  the  maternal 
tissues  and  open  into  the  maternal  bloodvessels,  with  the  result  that  the  spaces 
in  the  trophoblastic  network  are  filled  with  maternal  blood;  these  spaces  com- 
municate freely  with  one  another  and  become  greatly  distended  and  form  the 
interrilloiu  space. 

The  Decidiu. — Before  the  fertiUzed  ovum  reaches  the  uterus,  the  mucous 
membrane  of  the  body  of  the  uterus  undergoes  important  changes  and  is  then 
known  as  the  decidaa.  The  thickness 
and  vascularity  of  the  mucous  mem- 
brane are  greatly  increased;  its  glands 
are  elongated  and  open  on  its  free 
A  surface  by  funnel-shaped  orifices, 
while  their  deeper  portions  are  tortu- 
ous and  dilated  into  irregular  spaces. 
The  interglandular  tissue  is  also  in- 
creased in  quantity,  and  is  crowded 
with  large  round,  oval,  or  polygonal 
cells,  termed  decidual  cells.  These 
changes  are  well  advanced  by  the 
second  month  of  pregnancy,  when 
the  mucous  membrane  consists  ot  the 
following  strata  (Fig.  89):  (1)  stratum 
compactnm,  next  the  free  surface;  in 
this  the  uterine  glands  are  only 
slightly  expanded,  and  are  lined  b^' 
columnar  cells;  (2)  stratnin  spongiosum, 
in  which  the  gland  tubes  are  greatly 
dilated  and  very  tortuous,  and  are 
ultimately  separated  from  one  another 
by  only  a  small  amount  of  inter- 
3  glandular  tissue,  while  their  lining 
cells  are  flattened  or  cubical;  (3)  a 
thin  niultered  or  boundary  lajrer,  next 
the  uterine  muscular  fibres,  contain- 
ing the  deepest  parts  of  the  uterine 
glands,  which  are  not  dilated,  and 
are  lined  with  columnar  epithelium; 
it  is  from  this  epithelium  that  the 
epithelial  lining  of  the  uterus  is  re- 
generated after  pregnancy.  Distinc- 
tive names  are  applied  to  different 
portions  of  the  decidua.  The  part 
which  covers  in  the  ovum  is  named  the 
decidoa  capsidaiis;  the  portion  which 
Mil  intervenes  between  the  ovum  and  the 
^  uterine  wall  is  named  the  deddaa 
'""^  basalis  or  deeidoa  pUcentalis;  it  is  here 
that  the  placenta  is  subsequently 
developed.  The  part  of  the  decidua  which  lines  the  remainder  of  the  body  of  the 
uterus  is  known  as  the  decidua  Tera  or  decidoft  parietalis. 

Coineidently  with  the  growth  of  the  embryo,  the  decidua  capsularis  is  thinned 
and  extended  (Fig.  90)  and  the  space  between  it  and  the  decidua  vera  is  gradually 
obliterated,  so  that  by  the  third  month  of  pregnancy  the  two  are  in  contact.    By 
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the  fifth  month  of  pregnancy  the  decidua  capsularis  has  practically  disappeared, 
while  during  the  succeeding  months  the  decidua  vera  also  undergoes  atrophy, 
owing  to  the  increased  pressure.  The  glands  of  the  stratum  compactum  are  oblit- 
erated, and  their  epithelium  is  lost.  In  the  stratum  spongiosum  the  glands  are 
compressed  and  appear  as  slit-like  fissures,  while  their  epithelium  undergoes  degen- 
eration. In  the  unaltered  or  boundary  layer,  however,  the  glandular  epithelium 
retains  a  columnar  or  cubical  form. 

The  Chorion  (Figs.  80  to  85). — The  chorion  consists  of  two  layers:  an  outer 
formed  by  the  primitive  ectoderm  or  trophoblast,  and  an  inner  by  the  somatic 
mesoderm;  with  this  latter  the  amnion  is  in  contact.  The  trophoblast  is  made 
up  of  an  internal  layer  of  cubical  or  prismatic  cells,  the  CTtotropbobUst  or  layer 
of  Laofbans,  and  an  external  layer  of  richly  nucleated  protoplasm  devoid  of  cell 
bomidaries,  the  Bjncrtiotrophoblftst.  It  undergoes  rapid  proliferation  and  forms 
Dumerous  processes,  the  chorionic  villi,  which  invade  and  destroy  the  uterine 
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decidua  and  at  the  same  time  absorb  from  it  nutritive  materials  for  the  growth 
ot  the  embryo.  The  chorionic  villi  are  at  first  small  and  non-vascular,  and  consist 
of  trophoblast  only,  but  they  increase  in  size  and  ramify,  while  the  mesoderm, 
carrj'ing  branches  of  the  imibilical  vessels,  grows  into  them,  and  in  this  way  they 
are  vascularized.  Blood  is  carried  to  the  villi  hy  the  branches  of  the  umbilical 
arteries,  and  after  circulating  through  the  capillaries  of  the  villi,  is  returned  to 
the  embryo  by  the  umbilical  veins.  Until  about  the  end  of  the  second  month 
of  pregnancy  the  villi  cover  the  entire  chorion,  and  are  almost  uniform  in  size 
(Fig.  82),  but  after  this  they  develop  unequally.  The  greater  part  of  the  chorion 
is  in  contact  with  the  decidua  capsularis  (Fig.  90),  and  over  this  portion  the  villi, 
with  their  contained  vessels,  undergo  atrophy,  so  that  by  the  fourth  month  scarcely 
a  trace  of  them  is  left,  and  hence  this  part  of  the  chorion  becomes  smooth,  and  is 
named  the  chorion  laere;  63  it  takes  no  share  in  the  formation  of  the  placenta,  it 
is  also  named  the  non-placental  part  of  the  chorion.  '  On  the  other  hand,  the  villi 
on  that  part  of  the  chorion  which  is  in  contact  with  the  decidua  placentalis  increase 
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greatly  in  size  and  complexitv,  and  henoe  this  part  is  named  the  chorion  h 

(Fig.  85). 
The  Placenta. — The  placenta  connects  the  fetus  to  the  uterine  wall,  and  is  the 

organ  by  means  of  which  the  nutritive,  respiratory,  and  excretory  functions  of  the 

fetus  are  carried  on.    It  is  composed  of  fetal  and  maternal  portions. 

Fetal  Porticm. — The  fetal  portion  of  the  placenta  consists  of  the  villi  of  the 

chorion  frondasum;  these  branch  repeated!;',  and  increase  enormously  in  size. 
These  greatlj'  ramified  villi  are  sus- 

»•**  pended  in  the  intervillous  space,  and 

are  bathed  in  maternal  blood,  which 
is  convened  to  the  space  by  the  uterine 

jj_  arteries  and  carried  away  by  the  uter- 

ine  veins,  A  branch  of  an  umbilical 
artery  enters  each  villus  and  ends  in 
a  capillary  plexus  from  which  the 
blood  is  drained  by  a  tributary  of  the 
umbilical  vein.  The  vessels  of  the 
•te  villus  are  surrounded  by  a  thin  layer 

of  mesoderm  consisting  of  gelatinou.s 
connective  tissue,  which  is  covered  by 
two  strata  of  ectodermal  cells  derived 
from    the    trophoblast;      the    deeper 
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^ISwist^'ffl^'wwivh^iM"'""^''™''  '"'  ^*"'^'"""  represents  the  cj-totrophob!ast  or  la>er 
of  Langhans;the  superficial,  in  contact 
with  the  maternal  blood,  the  syncytiotrophoblast  (Figs.  91  and  92).  After  the 
fifth  month  the  two  strata  of  cells  are  replaced  b,\'  a  single  layer  of  somewhat 
flattened  cells. 


Maternal  Ptttitfu. — The  maternal  portion  of  the  placenta  is  formed  by  the 
decidua  placentalis  containing  the  intervillous  space.  As  already  explained,  this 
spac'e  is  produced  by  the  enlargement  and  intercommunication  of  the  spaces  in 
the  tropht>b!astic  network.  The  changes  involve  the  disappearance  of  the  greater 
portion  of  the  stratum  compactum,  but  the  deeper  part  of  this  layer  persists  and 
is  condensed  to  form  what  is  known  as  the  basal  [date.  Between  this  plate  and 
the  uterine  muscular  fibres  are  the  stratum  spongiosum  and  the  boundary  layer; 
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through  these  and  the  basal  plate  the  uterine  arteries  and  veins  pa^  to  and  from 
the  intervillous  space.  The  endothelial  lining  of  the  uterine  vessels  ceases  at  the 
point  where  they  terminate  in  the  intervillous  space  which  is  lined  by  the  syncj-tio- 
trophoblast.  Portions  of  the  stratum  compaetum  persist  and  are  condensed  to 
form  a  series  of  septa,  which  extend  from  the  basal  plate  through  the  thickness 
of  the  placenta  and  subdivide  it  into  the  lobules  or  cotyledons  seen  on  the  uterine 
surface  of  the  detached  placenta. 

The  fetal  and  maternal  blood  currents  traverse  the  placenta,  the  former  passing 
through  the  bloodvessels  of  the  placental  villi  and  the  latter  through  the  inter- 
villous space  {Fig.  93).    The  two  currents  do  not  intermingle,  being  separated  from 
each  other  by  the  delicate  walls  of  the  villi.    Nevertheless,  the  fetal  blood  is  able 
to  absorb,  through  the  walls  of  the  villi,  oxygen  and  nutritive  materials  from  the 
maternal  blood,  and  give  up  to  the  latter  its  waste  products.  The  blood,  so  purified, 
is  carrie<i  back  to  the  fetus  by  the  umbilical  vein.    It  will  thus  be  seen  that  the 
placenta  not  onlj'  establishes  a  mechan- 
ical   connection    between   the   mother 
and   the  fetus,  but  subserves  for  the 
latter  the  purposes  of  nutrition,  respi- 
ration, and  excretion.    In  favor  of  the 
\iew  that  the  placenta  possesses  certain 
selective  powers  may  be  mentioned  the 
fact  that  glucose  is  more  plentiful  in 
the  maternal  than  in  the  fetal  blood. 
It  is  interesting  to  note  also  that  the 
proportion  of  iron,   and   of  lime  and 
potash,  in  the  fetus  is  increased  during 
the  last  months  of  pregnancy.   Further, 
there  is  evidence  that  the  maternal  leu- 
cocytes may  migrateinto  the  fetal  blood, 
since  leucocj-tes  are  much  more  numer- 
ous in  the  blood  of  the  umbilical  vein 
than  in  that  of  the  umbilical  arteries. 
The     placenta   is   usually   attached 
near   the  fundus  uteri,  and  more  fre- 
quently on  the  posterior  than  on  the 
anterior  wall  of  the  uterus.      It  may, 
however,  occupy  a  lower  position  and, 

in  rare   cases,  its  site   is  close  to  the  Uun„ev^n     Vurin^ofUn, 

unncium  internum  uten,  which  it  may 

occlude,  thus  giving  rise  to  the  con-  ^"''  ^^  ~'*'''^™'  "^  piacenui  crcuisiion. 

dition  known  as  placenta  praeeia. 

Separation  of  the  Placenta.— After  the  child  is  born,  the  placenta  and  membranes 
are  expelled  from  the  uterus  as  the  att«r-birth.  The  separation  of  the  placenta  from 
the  uterine  wall  takes  place  through  the  stratum  spongiosum,  and  necessarily 
causes  rupture  of  the  uterine  vessels.  The  orifices  of  the  torn  vessels  are,  however, 
closed  by  the  firm  contraction  of  the  uterine  muscular  fibres,  and  thus  postpartum 
hemorrhage  is  controlled.  The  epithelial  lining  of  the  uterus  is  regenerated  by  the 
proliferation  and  extension  of  the  epithelium  which  lines  the  persistent  portions 
of  the  uterine  glands  in  the  unaltered  layer  of  the  decidua. 

The  exp>elled  placenta  appears  as  a  discoid  mass  which  weighs  about  450  gm. 
and  has  a  diameter  of  from  15  to  20  cm.  Its  average  thickness  is  about  3  cm., 
but  this  diminishes  rapidly  toward  the  circumference  of  the  disk,  which  is  continu- 
ous with  the  membranes.  Its  uterine  surface  is  divided  by  a  series  of  fissures  into 
lobules  or  co^ledons,  the  fissures  containing  the  remains  of  the  septa  which  extended 
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between  the  maternal  and  fetal  portions.  Most  of  these  septa  end  in  irregular 
or  pointed  processes;  others,  especially  those  near  the  edge  of  the  placenta,  pass 
through  its  thickness  and  are  attached  to  the  chorion.  In  the  early  months  these 
septa  convey  branches  of  the  uterine  arteries  which  open  into  the  intervillous 
space  on  the  surfaces  of  the  septa.  The  fetal  surface  of  the  placenta  is  smooth, 
being  closely  invested  by  the  amnion.  Seen  through  the  latter,  the  chorion  presents 
a  mottled  appearance,  consisting  of  gray,  purple,  or  yellowish  areas.  The  umbilical 
cord  is  usually  attached  near  the  centre  of  the  placenta,  but  may  be  inserted  any- 
where between  the  centre  and  the  margin;  in  some  cases  it  is  inserted  into  the  mem- 
branes, i.  e.,  the  velamentous  insertion.  From  the  attachment  of  the  cord  the  larger 
branches  of  the  umbilical  vessels  radiate  under  the  amnion,  the  veins  being  deeper 
and  larger  than  the  arteries.  The  remains  of  the  vitelline  duct  and  yolk-sac  may 
be  sometimes  observed  beneath  the  amnion,  close  to  the  cord,  the  former  as  an 
attenuated  thread,  the  latter  as  a  minute  sac. 

On  section,  the  placenta  presents  a  soft,  spongy  appearance,  caused  by  the 
greatly  branched  vUli;  surrounding  them  is  a  varying  amount  of  maternal  blood 
giving  the  dark  red  color  to  the  placenta.  Many  of  the  larger  villi  e3ctend  from 
the  chorionic  to  the  decidual  surface,  while  others  are  attached  to  the  septa  which 
separate  the  cotyledons;  but  the  great  majority  of  the  villi  hang  free  in  the  inter- 
villous space. 

The  further  growth  of  the  embryo  will  be  best  understood  from  a  description  of 
the  principal  facts  relating  to  the  development  of  the  chief  systems  of  which  the 
body  consists. 

DEVELOPMENT   OF   THE  PABIETES. 

The  Skeleton. — ^The  skeleton  is  of  mesodermal  origin,  and  may  be  divided  intb 
(a)  that  of  the  trunk  (axial  skeleton),  comprising  the  vertebral  column,  skull,  ribs, 
and  sternum,  and  (b)  that  of  the  limbs  (appendicular  skeleton). 

The  Vertebral  Colmnn. — ^The  notochord  (Fig.  77)  is  a  temporary  structure  and 
forms  a  central  axis,  around  which  the  segments  of  the  vertebral  column  are  devel- 
oped.^ It  is  derived  from  the  entoderm,  and  consists  of  a  rod  of  cells,  which  lies 
on  the  ventral  aspect  of  the  neural  tube  and  reaches  from  the  anterior  end  of  the 
mid-brain  to  the  extremity  of  the  tail.  On  either  side  of  it  is  a  colunm  of  paraxial 
mesoderm  which  becomes  subdivided  into  a  number  of  more  or  less  cubical  seg- 
ments, the  primitive  segments  (Figs.  77  and  78).  These  are  separated  from  one 
another  by  intersegmental  septa  and  are  arranged  synmaetrically  on  either  side  of 
the  neural  tube  and  notochord:  to  every  segment  a  spinal  nerve  is  distributed. 
At  first  each  segment  contains  a  central  cavity,  the  myocodl,  but  this  is  soon  filled 
with  a  core  of  angular  and  spindle-shaped  cells.  The  cells  of  the  segment  become 
differentiated  into  three  groups,  which  form  respectively  the  cutis-plate  or  derma- 
tome, the  muscle-plate  or  myotome,  and  the  sclerotome  (Fig.  94).  The  cutis-plate 
is  placed  on  the  lateral  and  dorsal  aspect  of  the  myocoel,  and  from  it  the  true  skin 
of  the  corresponding  segment  is  derived;  the  muscle-plate  is  situated  on  the  medial 
side  of  the  cutis-plate  and  furnishes  the  muscles  of  the  segment.  The  cells  of  the 
sclerotome  are  largely  derived  from  those  forming  the  core  of  the  myoccel,  and  lie 
next  the  notochord.  Fusion  of  the  individual  sclerotomes  in  an  antero-posterior 
direction  soon  takes  place,  and  thus  a  continuous  strand  of  cells,  the  sclerotogenous 
layer,  is  formed  along  the  ventro-lateral  aspects  of  the  neural  tube.  The  cells  of 
this  layer  proliferate  rapidly,  and  extending  medialward  surround  the  notochord; 
at  the  same  time  they  grow  backward  on  the  lateral  aspects  of  the  neural  tube 
and  eventually  surround  it,  and  thus  the  notochord  and  neural  tube  are  enveloped 

*  In  the  amphioxus  the  notochord  persiste  and  forms  the  only  representative  of  a  skeleton  in  that  animal. 
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by  a  continuous  sheath  of  mesoderm,  which  is  termed  the  membranous  Tertebral 
(MdoDUL  In  this  mesoderm  the  original  segments  are  still  distinguishable,  but  each 
is  I  now  ditTerentiated  into 
two  portions,  an  anterior, 
consisting  of  loosely  arranged 
cells,  and  a  posterior,  of 
more  condensed  tissue  (Fig. 
95,  A  and  B).  Between  the 
two  portions  the  rudiment 
of  the  inter\'ertebrftl  fibro-  "■*■ 
cartilage  is  laid  down  (Fig. 
95,  (T).  Cells  from  the  pos- 
terior mass  grow  into  the 
intervals  between  the  myo- 
tomes (Fig.  95,  B  and  C)  of 
the  corresponding  and  suc- 
ceeding segments,  and  extend 
both  dorsally  and  ventrally; 
the  dorsal  extensions  sur- 
round the  neural  tube  and 
represent  the  future  verte- 
bral arch,  while  the  ventral 
extend  into  the  body-wall 
as  the  costal  processes.  The 
hinder  part  of  the  posterior 
mass  joins  the  anterior  mass 
of  the  succeeding  segment 
to  form  the  vertebral  body. 
Each  vertebral  body  is  there- 
fore a  composite  of  two  segments,  being  formed  from  the  posterior  portion  of 
one  segment  and  the  anterior  part  of  that  immediately  behind  it.    The  vertebral 
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and  costal  arches  are  derivatives  of  the  posterior  part  of  the  segment  in  front 
of  the  intersegmental  septum  with  which  they  are  associated. 
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This  stage  is  succeeded  by  that  of  the  eartilagiiions  TWtebral  colomn.  In  the 
fourth  week  two  cartilaginous  centres  make  their  appearance,  one  on  either  side  of 
the  notochord;  these  extend  around  the  notochord  and  form  the  body  of  the  cartil- 
aginous vertebra.  A  second  pair  of  cartilaginous  foci  appear  in  the  lateral  parts  of 
the  vertebral  bow,  and  grow  backward  on  either  side  of  the  neural  tube  to  form 
the  cartilaginous  \'ertebral  arch,  and  a  separate  cartilaginous  centre  appears  for 
each  costal  process.  By  the  eighth  week  the  cartilaginous  arch  has  fused  with  the 
body,  and  in  the  fourth  month  the  two  halves  of  the  arch  are  joined  on  the  dorsal 
aspect  of  the  neural  tube.  The  spinous  process  is  developed  from  the  junction  of 
the  two  halves  of  the  vertebral  arch.  The  transverse  process  grows  out  from  the 
vertebral  arch  behind  the  costal  process. 

In  the  upper  eerviea!  vertebrte  a  band  of  mesodermal  tissue  connects  the  ends  of 
the  vertebral  arches  across  the  ventral  surfaces  of  the  intervertebral  fibrocartilages. 
This  is  termed  the  hrpochordal  bar  or  brace;  in  all  except  the  first  it  is  transitory 
and  disappears  by  fusing  with  the  fibrocartilages.  In  the  atlas,  however,  the  entire 
bow  persists  and  undergoes  chondrification ;  it  develops  into  the  anterior  arch  of  the 
bone,  while  the  cartilage  representing  the  body  of  the  atlas  forms  the  dens  or 
odontoid  process  which  fuses  with  the  body  of  the  second  cervical  vertebra. 

Anterior 

UmgitudiTtal 
ligamevt 


Sveleut  pulpo&ui 
Inltrvertebrtd  fibro- 
cartilagt 

Slight  entargement 
of  notochord  i« 
tht  eartilagijuyua 
vertebral  Imdy 


Tia.  M.— Sigitta]  Beelion  thn>U(b  sn  intervectebriil  Gbroortilue  and  adjuwDt  parta  of  two  vertebm  af  ui  ndvuiwd 
•hup's  embiyo.     (Kailiker.) 

The  portions  of  the  notochord  which  are  surrounded  by  the  bodies  of  the  verte- 
bra atrophy,  and  ultimately  disappear,  while  those  whicli  lie  in  the  centres  of  the 
intervertebral  fibrocartilages  undet^o  enlargement,  and  persist  throughout  life  as 
the  central  nacteus  pnlposus  of  the  fibrocartilages  (Fig.  96). 

The  Ribs. — The  ribs  are  formed  from  the  ventral  or  costal  processes  of  the 
primitive  vertebral  bows,  the  processes  extending  between  the  muscle-plates.  In 
the  thoracic  region  of  the  vertebral  column  the  costal  processes  grow  lateralward  to 
form  a  series  of  arches,  the  primitiTB  costal  arches.  As  already  described,  the 
transverse  process  grows  out  behind  the  vertebral  end  of  each  arch.  It  is  at  first 
connected  to  the  costal  process  by  continuous  mesoderm,  but  this  becomes  differ- 
entiated later  to  form  the  costotransverse  ligament;  between  the  costa!  process 
and  the  tip  of  the  transverse  process  the  costotransverse  joint  is  formed  by 
absorption.  The  costal  process  becomes  separated  from  the  vertebral  bow  by  the 
development  of  the  costocentral  joint.  In  the  cervical  vertebra  (Fig.  97}  the  trans- 
verse process  forms  the  posterior  boundary  of  the  foramen  transversarium,  while 
the  costa!  process  corresponding  to  the  head  and  neck  of  the  rib  fuses  with  the 
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body  of  the  vertebra,  and  forms  the  antero-lateral  boundary  of  the  foramen.  The 
distal  portions  of  the  primitive  costal  arches  remain  undeveloped;  occasionally 
the  arch  of  the  seventh  cervical  vertebra  undergoes  greater  development,  and  by 
the  formation  of  costovertebral  joints  is  separated  off  as  a  rib.  In  the  Ivvibar 
reffion  the  distal  portions  of  the  primitive  costal  arches  fail ;  the  proximal  portions 
fuse  with  the  transverse  processes  to  form  the  transverse  processes  of  descriptive 
anatom,\-.  Occasionally  a  movable  rib  is  developed  in  connection  with  the  first 
lumbar  vertebra.  In  the  sacral  region  costal  processes  are  developed  only  in 
comiection  with  the  upper  three,  or  it  may  be  four,  vertebra;;  the  processes  of 
adjacent  seifments  fuse  with  one  another  to  form  the  lateral  parts  of  the  sacrum. 
The  coccygeal  vertebrce  are  devoid  of  costal  processes. 


howiu  11 
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The  Stonmm. — The  ventral  ends  of  the  ribs  become  united  to  one  another  by  a 
longitudinal  bar  termed  the  sternal  plate,  and  opposite  the  first  seven  pairs  of  ribs 
these  sternal  plates  fuse  in  the  middle  line  to  form  the  manubrium  and  body  of  the 
sternum.  The  xiphoid  process  is  formed  by  a  backward  extension  of  the  sternal 
plates. 

The  Skull. — Up  to  a  certain  stage  the  development  of  the  skull  corresponds  with 
that  of  the  vertebral  column;  but  it  is  modified  later  in  association  with  the  expan- 
sion of  the  brain-vesicles,  the  formation  of  the  organs  of  smell,  sight,  and  hearing, 
and  the  development  of  the  mouth  and  pharynx. 
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The  notochord  extends  as  far  forward  as  the  anterior  end  of  the  mid-brain,  and 
becomes  partly  surrounded  by  mesoderm  (Fig.  98).   The  posterior  part  of  this  meso- 
dermal investment  corresponds  with  the  basilar  part  of  the  occipital  bone,  and  shows 
a  subdivision  into  four  segments,  which  are  separated  by  the  roots  of  the  hypo- 
glossal nerve.    The  mesoderm  then  extends  over  the  brain-vesicles,  and  thus  the 
entire  brain  is  enclosed  by  a  mesodermal 
investment,  which  is  termed  the  membran- 
ons  cranium.    From  the  inner  layer  of  this 
the  bones  of  the  skull  and  the  membranes 
of  the  brain  are  developed;  from  the  outer 
layer  the  muscles,  bloodvessels,  true  skin, 
JK  ,  ,     and  subcutaneous  tissues  of  the  scalp.    In 

jgt  the  shark  and  dog-fish  this  membranous 
cranium  undergoes  complete  chondrifi- 
catlon,  and  forms  the  cartilaginous  skull 
or  chondiQcranium  of  these  animals.  In 
mammals,  on  the  other  hand,  the  process 
A\  of  chondrification   is  limited  to  the  base 

of  the  skull — the  roof  and  sides  being 
covered  in  by  membrane.  Thus  the  bones 
of  the  base  of  the  skull  are  preceded  by 
cartilage,  those  of  the  roof  and  sides 
^    „    „   ,  ,  by  membrane.    The  posterior  part  of  the 

Fio.  98.— SsBittal  witioii  of  ceph^o  end  of  noK-      ,•'  ,     ,,  i      n     ■        j         i  j  j 

ohord.  (KeibcT.)  basc  01   the  skull  IS  developed  around 

the  notochord,  and  exhibits  a  segmented 
condition  analogous  to  that  of  the  vertebral  column,  while  the  anterior  part  arises 
in  front  of  the  notochord  and  shows  no  regular  segmentation.  The  base  of  the  skull 
may  therefore  be  divided  into  (a)  a  cbwdal  or  vertebral,  and  {h)  a  prechordal  or 
loevertebral  portion. 
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In  the  lower  vertebrates  two  pairs  of  cartilages  are  developed,  viz,,  a  pair  of 
parachordal  cartilages,  one  on  either  side  of  the  notochord;  and  a  pair  of  pre- 
chordal cartilages,  the  trabecuUe  cranii,  in  front  of  the  notochord  (Fig.  99).  The 
paiaehordal  cartilaKU  (Fig.  99)  unite  to  form  a  basilar  plate,  from  which  the  car- 
tilaginous part  of  the  occipital  bone  and  the  basi-sphenoid  are  developed.  On  the 
lateral  aspects  of  the  parachordal  cartilages  the  auditorj'  vesicles  are  situated. 
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and  the  mesoderm  enclosing  them  is  soon  converted  into  cartilage,  forming  the 
eutUacinooa  ear-capsules.  These  cartilaginous  ear-capsules,  which  are  of  an  oval 
shape,  fuse  with  the  sides  of  the  basilar  plate,  and  from  them  arise  the  petrous 
and  mastoid  portions  of  the  temporal  bones.  The  trabecolu  eranil  (Fig.  99)  are 
two  our\'ed  bars  of  cartilage  which  embrace  the  hypophysis  cerebri;  their  posterior 
ends  soon  unite  with  the  basilar  plate,  while  their  anterior  ends  join  to  form  the 
flthmoidal  plate,  which  extends  forward  between  the  fore-brain  and  the  olfactory 
pits.    Later  the  trabeculae  meet  and  fuse  below  the  hypophysis,  forming  the  floor 
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of  the  fossa  hypophyseos  and  so  cutting  off  the  anterior  lobe  of  the  hypophysis 
from  the  stomodeum.  The  median  part  of  the  ethmoidal  plate  forms  the  bony 
and  cartilaginous  parts  of  the  nasal  septum.  From  the  lateral  margins  of  the 
trabeculae  cranii  three  processes  grow  out  on  either  side.  The  anterior  forms  the 
ethmoidal  labyrinth  and  the  lateral  and  alar  cartilages  of  the  nose;  the  middle 
gives  rise  to  the  small  wing  of  the  sphenoid,  while  from  the  posterior  the  great 
wing  and  lateral  pterygoid  plate  of  the  sphenoid  are  developCKl  (Figs.  100,  101). 
The  bones  of  the  vault  are  of  membranous  formation,  and  are  termed  dermal  or 
K  bones.   They  are  partly  developed  from  the  mesoderm  of  the  membranous 
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cranium,  and  partly  from  that  which  lies  flutside  the  entoderm  of  the  fore- 
gut.  They  comprise  the  upper  part  of  the  occipital  squama  (interparietal),  the 
squamie  and  tympanic  parts  of  the  temporals,  the  parietals,  the  frontal,  the  vomer, 
the  medial  pterygoid  plates,  and  the  bones  of  the  face.  Some  of  them  remain 
distinct  throughout  life,  e.  g.,  parietal  and  frontal,  while  others  join  with  the  bones 
of  the  chondrocranium,  e.  g.,  interparietal,  squamce  of  temporals,  and  medial 
pterygoid  plates. 

Recent  observations  have  shown  that,  in  mammals,  the  basi-cranial  cartilage, 
both  in  the  chordal  and  prechordal  regions  of  the  base  of  the  skull,  is  developed 
as  a  single  plate  which  extends  from  behind  forward.  In  man,  however,  its  posterior 
part  shows  an  indication  of  being  developed  from  two  chondrifying  centres  which 
fuse  rapidly  in  front  and  below.  The  anterior  and  posterior  thirds  of  the  cartilage 
surround  the  notochord,  but  its  middle  third  lies  on  the  dorsal  aspect  of  the  noto- 
chord,  which  in  this  region  is  placed  between  the  cartilage  and  the  wall  of  the 
pharynx. 
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The  Branotai^  or  Visceral  Arches  and  Pharrngeal  Poaches. — In  the  lateral  walls 
of  the  anterior  part  of  the  fore-gut  five  pharyngeal  pouches  appear  (Fig.  104);  each 
of  the  upper  four  pouches  is  prolonged  into  a  dorsal  and  a  ventral  diverticulum. 
Over  these  pouches  corresponding  indentations  of  the  ectoderm  occur,  forming  what 
are  known  as  the  branchial  or  outer  phaiTngeal  groores.  The  intervening  mesoderm 
is  pressed  aside  and  the  ectoderm  comes  for  a  time  into  contact  with  the  ento- 
dermal  lining  of  the  fore-gut,  and  the  two  layers  unite  along  the  floors  of  the 
grooves  to  form  thin  cloeinf  membranes  between  the  fore-gut  and  the  exterior. 
Later  the  mesoderm  again  penetrates  between  the  entoderm  and  the  ectoderm. 
In  gill-bearing  animals  the  closing  membranes  disappear,  and  the  grooves  become 
complete  clefts,  the  {ill-clefts,  opening  from  the  pharynx  on  to  the  exterior;  perfor- 
ation, however,  does  not  occur  in  birds  or  mammals.  The  grooves  separate  a 
series  of  rounded  bars  or  arches,  the  branchial  or  visceral  arches,  in  which  thickening 
of  the  mesoderm  takes  place  (Figs.  102  and  103).  The  dorsal  ends  of  these  arches 
are  attached  to  the  sides  of  the  head,  while  the  ventral  extremities  ultimately 
meet  in  the  middle  line  of  the  neck.     In  all,  six  arches  make  their  appearance, 
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but  of  these  only  the  first  four  are  visible  externallj-.  The  first  arch  is  named  the 
mandibular,  and  the  second  the  hyoid;  the  others  have  no  distinctive  names. 
In  each  arch  a  cartilaginous  bar,  consisting  of  right  and  left  halves,  is  developed, 
and  with  each  of  these  there  is  one  of  the  primitive  aortic  arches. 
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The  mandibalar  arch  lies  between  the  first  branchial  groove  and  the  stomodeum; 
from  it  are  developed  the  lower  lip,  the  mandible,  the  muscles  of  mastication, 
and  the  anterior  part  of  the  tongue.  Its  cartilaginous  bar  is  formed  by  what 
are  known  as  Meckel's  cartilages  (right  and  left)  (Fig.  105).  The  dorsal  ends  of 
these  cartilages  are  connected  with  the  ear- 

capsules  and  .„  oj»ified  to  form  two  of  the  "tSSS""  .-SI 

ixines  of  the  middle  ear,  the  malleus  and 
incus;  the  ventral  ends  meet  each  other  in 
the  region  of  the  symphysis  menti,  and  are 
usually  regarded  as  undergoing  ossification 
to  form  that  portion  of  the  mandible  which 
cnntains  the  incisor  teeth.  The  intervening 
part  of  the  cartilage  disappears;  the  portion 
immediately    adjacent   to    the   malleus   and 

incus  is  replaced  h\  fibrous  membrane,  which  itmnce  to 

constitutes  the  spheno-mandibular  ligament,  larynx 

while   from    the  connective   tissue   covering 

the  remainder  of  the  cartilage  the  greater  ^"'-  iw.— Floor  ot  ||i«ryni  of  en*ryo  Bho™  m 
part  of  the   mandible  is  ossified.    From  the 

dorsal  ends  of  the  mandibular  arch  a  triangular  process,  the  maxillary  procsss,  grows 
forward  on  either  side  and  forms  the  cheelt  and  lateral  part  of  the  upper  lip.  The 
teeaad  or  hyoid  arch  assists  in  forming  the  side  and  front  of  the  neck.  From  its 
cartilage  are  developed  the  styloid  process,  stylohyoid  ligament,  and  lesser  cornu 
of  the  hyoid  bone.  The  cartilage  of  the  third  arch  gives  origin  to  the  greater 
cornu  of  the  hyoid  bone.  The  ventral  ends  of  the  second  and  third  arches  unite 
with  those  of  the  opposite  side,  and  form  a  transverse  band,  from  which  the  body  of 
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the  hyoid  bone  and  the  posterior  part  of  the  tongue  are  developed.  The  ventral 
portions  of  the  cartilages  of  the  fourth  and  fifth  arches  unite  to  form  the  thyroid 
cartilage;  from  the  cartil^es  of  the  alith  arch  the  cricoid  and  arytenoid  cartUages 
and  the  cartilages  of  the  trachea  are  developed.  The  mandibular  and  hyoid 
arches  grow  more  rapidly  than  those  behind  them,  with  the  result  that  the  latter 
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become,  to  a  certain  extent,  telescoped  within  the  former,  and  a  deep  depre 
the  sinoB  cervicalis,  is  formed  on  either  side  of  the  neck.  This  sinus  is  bounded  in 
front  by  the  hyoid  arch,  and  behind  by  the  thoracic  wall;  it  is  ultimatdy  obliterated 
by  the  fusion  of  its  walls. 
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From  the  first  branchial  groove  the  concha  auriculae  and  external  acoustic 
meatus  are  developed,  while  around  the  groove  there  appear,  on  the  mandibular 
and  hyoid  arches,  a  number  of  swellings  from  which  the  auricula  or  pinna  is  formed. 
The  first  pharyngeal  pouch  is  prolonged  dorsally  to  form  the  auditory  tube  and  the 
tympanic  cavity;  the  closing  membrane  between  the  mandibular  and  hyoid  arches 
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is  invaded  by  mesoderm,  and  forma  the  tympanic  membrane.  No  traces  of  the 
second,  third,  and  fourth  branchial  grooves  persist.  The  inner  part  of  the  second 
pharyngeal  pouch  b  named  the  Binos  tonaillaris;  in  it  the  tonsil  is  developed,  above 
which  a  trace  of  the  sinus  persists  as  the  supratonsillar  fossa.  The  fossa  of  Rosen- 
tnuller  or  lateral  recess  of  the  pharynx  is  by  some  regarded  as  a  persistent  part  of 
the  second  pharyngeal  pouch,  but  it  is  probably  developed  as  a  secondary  forma- 
tion. From  the  third  pharyngeal  pouch  the  thymus  arises  as  an  entodermal  diver- 
ticulum on  either  side,  and  from  the  fourth  pouches  small  diverticula  project  and 
become  incorporated  with  the  thymus,  but  in  man  these  diverticula  probably 
never  form  true  thymus  tissue.  The  parathyroids  also  arise  as  diverticula  from 
the  third  and  fourth  pouches.  From  the  fifth  pouches  the  ultimobranchlal  bodies 
originate  and  are  enveloped  by  the  lateral  prolongations  of  the  median  thyroid 
rudunent;  they  do  not,  however,  form  true  thyroid  tissue,  nor  are  any  traces 
of  them  found  in  the  human  adult. 
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The  Nose  and  Faca. — During  the  third  week  two  areas  of  thickened  ectoderm,  the 
oUaetawy  areas,  appear  immediately  under  the  fore-brain  in  the  anterior  wall  of  the 
stomodeum,  one  on  either  side  of  a  region  termed  the  tronto-nasal  process  (Fig.  106) . 
By  the  upgrowth  of  the  surrounding  parts  these  areas  are  converted  into  pits, 
the  olfacfanr  pits,  which  indent  the  fronto-nasal  process  and  divide  it  into  a 
medial  and  two  lateral  nasal  processes  (Fig.  107).  The  rounded  lateral  angles  of 
the  medial  process  constitute  the  globular  processes  of  His.  The  olfactory  pits  form 
the  rudiments  of  the  nasal  cavities,  and  from  their  ectodermal  lining  the  epithe- 
lium of  the  nasal  cavities,  with  the  exception  of  that  of  the  inferior  meatuses,  is 
derived.  The  globular  processes  are  prolonged  backward  as  plates,  termed  the  nasal 
lasdiie:  these  laminffi  are  at  first  some  distance  apart,  but,  gradually  approach- 
ing, they  ultimately  fuse  and  form  the  nasal  septum;  the  processes  themselves 
meet  in  the  middle  line,  and  form  the  premaxUlse  and  the  philtrum  or  central 
part  of  the  upper  lip  (Fig.  110),  The  depressed  part  of  the  medial  nasal  process 
between  the  globular  processes  forms  the  lower  part  of  the  nasal  septum  or 
;  while  above  this  is  seen  a  prominent  angle,  which  becomes  the  future 
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apex  (Figs.  107,  108),  and  still  higher  a  flat  area,  the  future  bridge,  of  the  nose. 
The  lateral  nasal  processes  form  the  alse  of  the  nose. 

Continuous  with  the  dorsal  end  of  the  mandibular  arch,  and  growing  forward 
from  its  cephalic  border,  is  a  triangular  process,  the  maxillary  process,  the  ventral 
extremity  of  which  is  separated  from  the  mandibular  arch  by  a  >  shaped  notch 
{Fig.  106).  The  maxillary  process  forms  the  lateral  wall  and  floor  of  the  orbit, 
and  in  it  are  ossified  the  zygomatic  bone  and  the  greater  part  of  the  maxilla;  it 
meets  with  the  lateral  nasal  process,  from  which,  however,  it  is  separated  for  a 
time  by  a  groove,  the  naso-optlc  furrow,  that  extend  from  the  furrow  encircling 
the  eyeball  to  the  olfactory  pit.  The  maxillary  processes  ultimately  fuse  with  the 
lateral  nasal  and  globular  processes,  and  form  the  lateral  parts  of  the  upper  lip 
and  the  posterior  boundaries  of  the  nares  (Figs.  109,  110).  From  the  third  to 
the  fifth  month  the  nares  are  filled  by  masses  of  epithelium,  on  the  breaking  down 
and  disappearance  of  which  the  permanent  openings  are  produced.  The  maxillary 
process  also  gives  rise  to  the  lower  portion  of  the  lateral  wall  of  the  nasal  cavitj'. 
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The  roof  of  the  nose  and  the  remaining  parts  of  the  lateral  wall,  viz.,  the  ethmoidal 
labyrinth,  the  inferior  nasal  concha,  the  lateral  cartilage,  and  the  lateral  crus  of 
the  alar  cartilage,  are  developed  in  the  lateral  nasal  process.  By  the  fusion  of  the 
maxillary  and  nasal  processes  in  the  roof  of  the  stomodeum  the  primitive  palate 
(Fig.  Ill)  is  formed,  and  the  olfactory  pits  extend  backward  above  it.  The  pos- 
terior end  of  each  pit  is  closed  by  an  epithelial  membrane,  the  bucconasal  membrane, 
formed  by  the  apposition  af  the  nasal  and  stomodeal  epithelium.  By  the  rupture 
of  these  membranes  the  primitiTe  choann  or  openings  between  the  olfactory  pits 
and  the  stomodeum  are  established.  The  floor  of  the  nasal  cavity  is  completed 
by  the  development  of  a  pair  of  shelf-like  palatine  processes  which  extend  medial- 
ward  from  the  maxillary  processes  (Figs.  112  and  113);  these  coalesce  with  each 
other  in  the  middle  line,  and  constitute  the  entire  palate,  except  a  small  part  in 
front  which  is  formed  bj'  the  premaxill&r\'  bones.  Two  apertures  persist  for  a  time 
between  the  palatine  processes  and  the  premaxillse  and  represent  the  permanent 
channels  which  in  the  lower  animals  connect  the  nose  and  mouth,  The  union  of 
the  parts  which  form  the  palate  commences  in  front,  the  premaxillary  and  palatine 
processes  joining  in  the  eighth  week,  while  the  region  of  the  future  hard  palate 
is  completed  by  the  ninth,  and  that  of  the  soft  palate  b>-  the  eleventh  week.    By 
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the  completion  of  the  palate  the  pennanent  choame  are  formed  and  are  situated  a 
considerable  distance  behind  the  primitive  choanse.  The  deformity  known  as 
deft  palate  results  from  a  non-union  of  the  palatine  processes,  and  that  of  hare- 
lip through  a  non-union  of  the  maxillary  and  globular  processes  (see  page  299). 
TTie  nasal  cavity  becomes  divided  by  a  vertical  septum,  which  extends  downward 
and  backward  from  the  medial  nasal  process  and  nasal  lamince,  and  unites  below 
with  the  palatine  processes.    Into  this  septum  a  plate  of  cartilage  extends  from 
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the  under  aspect  of  the  ethmoid  plate  of  the  chodrocranium.  The  anterior  part 
of  this  cartilaginous  plate  persists  as  the  septal  cartilage  of  the  nose  and  the  medial 
cms  of  the  alar  cartilage,  but  the  posterior  and  upper  parts  are  replaced  by  the 
vomer  and  perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  nasal  septum, 
at  its  lower  and  anterior  part,  the  ectoderm  is  invaginated  to  form  a  blind  pouch  . 
or  diverticulum,  which  extends  backward  and  upward  into  the  nasal  septum  and 
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b  supported  by  a  curved  plate  of  cartilage.  These  pouches  form  the  rudiments  of 
the  ▼omero-nasal  oigana  of  Jacobson,  which  open  below,  close  to  the  junction 
of  the  premaxillary  and  maxillary  bones. 

The  Limbe. — The  limbs  begin  to  make  their  appearance  in  the  third  week  as 
small  elevations  or  buds  at  the  side  of  the  trunk  (Fig.  114).  Prolongations  from 
the  muscle-  and  cutis-plates  of  several  primitive  segments  extend  into  each  bud, 
and  carr>'  with  them  the  anterior  divisions  of  the  correspond' ing  spinal  nerves. 
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The  Denies  supplying  the  limbs  indicate  the  number  of  primitive  segments  which 
contribute  to  ^eir  formation — the  upper  limb  being  derived  from  seven,  viz., 
fourth  cervical  to  second  thoracic  inclusive,  and  the  lower  limb  from  ten,  viz., 
twelfth  thoracic  to  fourth  sacral  inclusive.  The  axial  part  of  the  mesoderm  of 
the  limb-bud  becomes  condensed  and  converted  into  its  cartilaginous  skeleton, 
and  by  the  ossification  of  this  the  bones  of  the  limbs  are  formed.  By  the  sixth 
week  the  three  chief  divisions  of  the  limbs  are  marked  off  by  furrows— the  upper 
into  arm,  forearm,  and  hand;  the  lower  into  thigh,  leg,  and  foot  (Fig.  115).  The 
limbs  are  at  first  directed  backward  nearly  parallel  to  the  long  axis  of  the  trunk, 
and  each  presents  two  surfaces  and  two  bordens.  Of  the  surfaces,  one — the  future 
flexor  surface  of  the  limb — is  directed  ventrally;  the  other,  the  extensor  surface, 
dorsally;  one  border,  the  preaxial,  looks  forward  toward  the  cephalic  end  of  the 
embryo,  and  the  other,  the  posiaxial,  backward  toward  the  caudal  end.  The  lateral 
epicondyle  of  the  humerus,  the  radius,  and  the  thumb  lie  along  the  preaxial  border 
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of  the  upper  limb;  and  the  medial  epicondyle  of  the  femur,  the  tibia,  and  the  great 
toe  along  the  corresponding  border  of  the  lower  limb.  The  preaxial  part  is  derived 
from  the  anterior  segments,  the  postaxial  from  the  posterior  segments  of  the  limb- 
bud;  and  this  explains,  to  a  large  extent,  the  innervation  of  the  adult  limb,  the 
nerves  of  the  more  anterior  segments  being  distributed  along  the  preaxial  {radial 
or  tibial),  and  those  of  the  more  posterior  along  the  postaxial  (ulnar  or  fibular) 
border  of  the  limb.  The  limbs  next  undergo  a  rotation  or  torsion  through  an  angle 
of  90°  around  their  tong  axes  the  rotation  being  effected  almost  entirely  at  the 
limb  girdles.  In  the  upper  limb  the  rotation  is  outward  and  forward;  in  the  lower 
limb,  inward  and  backward.  As  a  consequence  of  this  rotation  the  preaxial  (radial) 
border  of  the  fore-limb  is  directed  lateratward,  and  the  preaxial  (tibial)  border 
of  the  hind-limb  is  directed  medialward;  thus  the  flexor  surface  of  the  fore-limb 
is  turned  forward,  and  that  of  the  hind-limb  backward. 
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The  mesoderm  from  which  the  different  parts  of  the  skeleton  are  formed  at 
first  shows  no  differentiation  into  masses  corresponding  with  the  individual  bones. 
Thus  continuous  cores  of  mesoderm  form  the  axes  of  the  Hmb-buds  and  a  continu- 
ous column  of  mesoderm  the  future  vertebral  column.  The  first  indications  of  the 
bones  and  joints  are  circumscribed  condensations  of  the  mesoderm;  these  condensed 
parts  become  chondrified  and  finally  ossified  to  form  the  bones  of  the  skeleton. 
The  intervening  non-condensed  portions  consist  at  first  of  undifferentiated  meso- 
derm, which  may  develop  in  one  of  three  directions.  It  may  be  converted  into 
fibrous  tissue  as  in  the  case  of  the  skull  bones,  a  synarthrodial  joint  being  the 
result,  or  it  may  become  partly  cartilaginous,  in  which  case  an  amphiarthrodial 
joint  is  formed.  Again,  it  may  become  looser  in  texture  and  a  cavity  ultimately 
appear  in  its  midst;  the  cells  lining  the  sides  of  this  cavity  form  a  synovial  mem- 
brane and  thus,  a  diarthrodial  joint  is  developed. 
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The  tissue  surrounding  the  original  mesodermal  core  forms  fibrous  sheaths  for 
the  developing  bones,  i.  e.,  periosteum  and  perichondrium,  which  are  continued 
between  the  ends  of  the  bones  over  the  synovial  membrane  as  the  capsules  of  the 
joints.  These  capsules  are  not  of  uniform  thickness,  so  that  in  them  may  be 
recognized  especially  strengthened  band  which  are  described  as  ligaments.  This, 
however,  is  not  the  only  method  of  formation  of  ligaments.  In  some  cases  by 
modification  of,  or  derivations  from,  the  tendons  surrounding  the  joint,  additional 
liptmentous  bands  are  provided  to  further  strengthen  the  articulations. 

In  several  of  the  movable  joints  the  mesoderm  which  originally  existed  between 
Uke  ends  of  the  bones  does  not  become  completely  absorbed — a  portion  of  it 
persists  and  forms  ftn  articular  disk.  These  disks  may  be  intimately  associated  in 
their  de^'elopment  with  the  muscles  surrounding  tiie  joint,  e.  g.,  the  menisci  of  the 
knee-joint,  or  with  cartilaginous  elements,  representatives  of  skeletal  structures, 
which  are  vestigial  in  human  anatom;-,  e.  g.,  the  articular  disk  of  the  sterno- 
cla\icular  joint. 
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DEVELOPMENT   OF  THE  MUSCLES. 

The  voluntary  muscles  are  developed  from  the  myotomes  of  the  primitive 
segments.  Portions  of  the  myotomes  retain  their  position  on  the  sides  of 
the  neural  tube,  where  they  may  remain  distinct  from  each  other  and  form 
the  short  muscles  of  the  vertebral  column,  or  fuse  with  corresponding  portions 
of  neighboring  myotomes  to  form  the  Sacrospinales  and  their  continuations. 
Other  portions  of  the  myotomes  extend  into  the  trunk  wall,  where  again  they 
may  retain  their  segmental  condition,  as  in  the  Intercostales,  or  may  fuse  with 
adjacent  segments  to  form  the  flat  muscles  of  the  abdominal  wall.  Finally,  por- 
tions of  the  myotomes  wander  into  the  limb-buds  and  there  undergo  fusions 
and  alterations  in  form  to  produce  the  limb  muscles.  The  original  segmental 
.character  of  the  limb  muscles  is  therefore  lost,  but  their  segmental  nerve  supplies 
are  retained.  Some  of  the  limb  muscles  expand  and  migrate  secondarily  toward  the 
mid-dorsal  line,  e,  g,,  Trapezius  and  Latissimus  dorsi,  or  toward  the  mid-ventral 
line,  e,  g.,  Pectoralis  major.  Again,  muscles  may  migrate  in  a  cephalic  direction, 
e.  g.,  the  facial  muscles  which  are  derived  from  the  hyoid  arch,  or  in  a  caudal  direc- 
tion, e.  g.,  the  Serratus  anterior.  In  all  cases  the  muscles  carry  with  them  the 
segmental  nerves  of  the  myotomes  from  which  they  were  originally  derived;  two 
examples  of  this  will  suffice,  viz.,  the  Diaphragma,  which  is  derived  from  the  third 
and  fourth  and  the  Serratus  anterior,  from  the  fifth,  sixth,  and  seventh  cervical 
segments  as  is  indicated  by  their  nerves  of  supply.  In  man  and  the  higher  verte- 
brates many  of  the  derivatives  of  the  myotomes  degenerate  and  are  converted 
into  aponeuroses,  e.  g,,  galea  aponeurotica,  and  the  aponeuroses  of  the  abdominal 
muscles,  or  ligaments,  e,  g,,  sacrotuberous  ligament  and  fibular  collateral  ligament 
of  the  knee. 

The  involuntary  muscles  are  derived  from  the  splanchnopleure  mesoderm. 
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The  epidermis  and  its  appendages,  consisting  of  the  hairs,  nails,  sebaceous  and 
sweat  glands,  are  developed  from  the  ectoderm,  while  the  corium  or  true  skin 
is  of  mesodermal  origin,  being  derived  from  the  cutis-plates  of  the  primitive  seg- 
ments. About  the  fifth  week  the  epidermis  consists  of  two  layers  of  cells,  the  deeper 
one  corresponding  to  the  rete  mucosum.  The  subcutaneous  fat  appears  about 
the  fourth  month,  and  the  papillse  of  the  true  skin  about  the  sixth.  A  considerable 
desquamation  of  epidermis  takes  place  during  fetal  life,  and  this  desquamated 
epidermis,  mixed  with  sebaceous  secretion,  constitutes  the  vemiz  caseosa,  with 
which  the  skin  is  smeared  during  the  last  three  months  of  fetal  life.  The  nails 
are  formed  at  the  third  month,  and  begin  to  project  from  the  epidermis  about 
the  sixth.  The  hairs  appear  between  the  third  and  fourth  months  in  the  form  of 
solid  downgrowths  of  the  deeper  layer  of  the  epidermis,  the  growing  extremities 
of  which  become  inverted  by  papillary  projections  from  the  corium.  The  central 
cells  of  the  solid  downgrowths  undergo  alteration  to  form  the  hair,  while  the 
peripheral  cells  are  retained  to  form  the  lining  cells  of  the  hair-follicle.  About  the 
fifth  month  the  fetal  hairs  (lanugo)  appear,  first  on  the  head  and  then  on  the  other 
parts;  they  drop  off  after  birth,  and  give  place  to  the  permanent  hairs.  The  cellular 
structures  of  the  sudoriferous  and  sebaceous  glands  are  formed  from  the  ectoderm,  \ 

while  the  connective  tissue  and  bloodvessels  are  derived  from  the  mesoderm.  j 

The  mamma  is  also  formed  partly  from  mesoderm  and  partly  from  ectoderm —  j 

its  Woodvessels  and  connective  tissue  being  derived  from  the  former,  its  cellular 
elements  from  the  latter.    Its  first  rudiment  is  seen  about  the  third  month,  in  the 
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fonn  of  a  number  of  small  inward  projections  of  the  ectoderm,  which  invade  the 
mesoderm;  from  these,  secondary  tracts  of  cellular  elements  radiate  and  sub- 
sequently give  rise  to  the  epithelium  of  the  glandular  follicles  and  ducts.  The 
devdopment  of  the  follicles,  however,  remains  imperfect,  except  in  the  parous 
female. 


DEVELOPMENT  OF  THE  HERTOCS  SYSTEM  AND  SENSE  ORGANS. 

The  entire  nervous  sj-stem  is  of  ectodermal  origin,  and  its  first  rudiment  is  seen 
in  the  neural  groove  which  extends  along  the  dorsal  aspect  of  the  embryo  (Fig. 
75),  By  the  elevation  and  ultimate  fusion  of  the  neural  folds,  the  groove  is  con- 
verted into  the  neural  tube  (Fig.  77) .  The  anterior  end  of  the  neural  tube  becomes 
expanded  to  form  the  three  primary  brain-vesicles;  the  cavity  of  the  tube  is  sub- 
scqiWDtly  modified  to  form  the  ventricular  cavities  of  the  brain,  and  the  central 
canal  of  the  medulla  spinalis;  from  the  wall  the  nervous  elements  and  the  neuroglia 
of  the  brain  and  medulla  spinalis  are  developed. 
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The  Medulla  Spinalis. — At  first  the  wall  of  the  neural  tube  is  composed  of  a 
single  layer  of  columnar  ectodermal  cells.  Soon  the  side-walls  become  thickened, 
while  the  dorsal  and  ventral  parts  remain  thin,  and  are  named  the  roof-  and  floor- 
plMee  (Figs.  116,  llS),  A  transverse  section  of  the  tube  at  this  stage  presents 
an  oval  outline,  while  its  lumen  has  the  appearance  of  a  slit.  The  cells  which 
constitute  the  wall  of  the  tube  proliferate  rapidly,  lose  their  cell-boundaries  and 
form  a  syncytium.  This  syncytium  consists  at  first  of  dense  protoplasm  with 
closely  packed  nuclei,  but  later  it  opens  out  and  forms  a  looser  meshwork  with 
the  cellular  strands  arranged  in  a  radiating  manner  from  the  central  canal.  Three 
layers  may  now  be  defined — an  internal  or  ependymal,  an  intermediate  or  mantle, 
and  an  external  or  marginal.  The  ependymal  la^er  is  ultimately  converted  into  the 
ependyma  of  the  central  canal;  the  processes  of  its  cells  pass  outward  toward 
the  periphery  of  the  medulla  spinalis.  The  marginal  layer  is  devoid  of  nuclei,  and 
later  forms  the  supporting  framework  for  the  white  funiculi  of  the  medulla  spinalis. 
"Die  manUe  tarer  represents  the  whole  of  the  future  gray  columns  of  the  medulla 
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spinalis;  in  it  tlie  cells  are  differentiated  into  two  sets,  viz.,  (a)  spongioblasts  or 
jonnc  nenroKlU  cells,  and  (b)  Kenninal  cells,  which  are  the  parents  of  the  neuroblasts 
or  fonoK  neire  cells  (Fig.  117).  The  spongioblasts  are  at  first  connected  to  one 
another  by  filaments  of  the  syncytium;  in  these,  fibrils  are  developed,  so  that  as  the 
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neuroglial  ceils  become  defined  they  exhibit  their  characteristic  mature  appearance 
with  multiple  processes  proceeding  from  each  cell.  The  germinal  cells  are  large, 
round  or  oval,  and  first  make  their  appearance  between  the  ependymal  cells  on 
the  sides  of  the  central  canal.    They  increase  rapidly  in  number,  so  that  by  the 

SaoJ-fiate  Fa«cicvliu  graciUt  .       ) 
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fourth  week  they  form  an  almost  continuous  layer  on  each  side  of  the  tube.  No 
germinal  cells  are  found  in  the  roof-  or  floor-plates;  the  roof-plate  retains,  in  certain 
regions  of  the  brain,  its  epithelial  character;  elsewhere,  its  cells  become  spongio- 
blasts.    By  subdivision  the  germinal  cells  give  rise  to  the  neuroblasts  or  young 
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nerve  cells,  which  migrate  outward  from  the  sides  of  the  central  canal  into  the 
mantle  layer  and  neural  crest,  and  at  the  same  time  become  pear-shaped;  the 
tapering  part  of  the  cell  undergoes  still  further  elongation,  and  forms  the  axis- 
cylinder  of  the  cell. 

The  lateral  walls  of  the  medulla  spinalis  continue  to  increase  in  thickness,  and 
the  canal  widens  out  near  its  dorsal  extremity,  and  assumes  a  somewhat  lozenge- 
shaped  appearance.  The  widest  part  of  the  canal  serves  to  subdivide  the  lateral 
wall  of  the  neural  tube  into  a  dorsal  or  alar,  and  a  ventral  or  basal  lamina  (Fig.  118), 
a  subdivision  which  extends  forward  into  the  brain.  At  a  later  stage  the  ventral 
part  of  the  canal  widens  out,  while  the  dorsal  part  is  first  reduced  to  a  mere  slit 
and  then  becomes  obliterated  by  the  approximation  and  fusion  of  its  walls;  the 
ventral  part  of  the  canal  persists  and  forms  the  central  canal  of  the  adult  medulla 
spinalis.  The  caudal  end  of  the  canal  exhibits  a  conical  expansion  which  is  known 
as  the  terminal  ventricle. 

The  ventral  part  of  the  mantle  layer  becomes  thickened,  and  on  cross-section 
appears  as  a  triangular  patch  between  the  marginal  and  ependymal  layers.  This 
thickening  is  the  rudiment  of  the  anterior  column  of  gray  substance,  and  contains 
many  neuroblasts,  the  axis-cylinders  of  which  pass  out  through  the  marginal  layer 
and  form  the  anterior  roots  of  the  spinal  nerves  (Figs.  116,  118).  The  thickening 
of  the  mantle  layer  gradually  extends  in  a  dorsal  direction,  and  forms  the  posterior 
column  of  gray  substance.  The  axons  of  many  of  the  neuroblasts  in  the  alar  lamina 
run  forward,  and  cross  in  the  floor-plate  to  the  opposite  side  of  the  medulla  spinalis; 
these  form  the  rudiment  of  the  anterior  white  commissure. 

About  the  end  of  the  fourth  week  nerve  fibres  begin  to  appear  in  the  marginal 
layer.  The  first  to  develop  are  the  short  intersegmental  fibres  from  the  neuro- 
blasts in  the  mantle  zone,  and  the  ^fibres  of  the  dorsal  nerve  roots  which  grow  into 
the  medulla  spinalis  from  the  cells  of  the  spinal  ganglia.  By  the  sixth  week  these 
dorsal  root  fibres  form  a  well-defined  oval  bundle  in  the  peripheral  part  of  the  alar 
lamina;  this  bundle  gradually  increases  in  size,  and  spreading  toward  the  middle 
line  forms  the  rudiment  of  the  posterior  funiculus.  The  long  intersegmental  fibres 
begin  to  appear  about  the  third  month  and  the  cerebrospinal  fibres  about  the  fifth 
month.  All  nerve  fibres  are  at  first  destitute  of  medullary  sheaths.  Different 
groups  of  fibres  receive  their  sheaths  at  different  times — ^the  dorsal  and  ventral 
nerve  roots  about  the  fifth  month,  the  cerebrospinal  fibres  after  the  ninth  month. 

By  the  growth  of  the  anterior  columns  of  gray  substance,  and  by  the  increase 
in  size  of  the  anterior  funiculi,  a  furrow  is  formed  between  the  lateral  halves  of  the 
cord  anteriorly;  this  gradually  deepens  to  form  the  anterior  median  fissure.  The 
mode  of  formation  of  the  posterior  septum  is  somewhat  uncertain.  Many  believe 
that  it  is  produced  by  the  growing  together  of  the  walls  of  the  posterior  part  of  the 
central  canal  and  by  the  development  from  its  ependymal  cells  of  a  septum  of 
fibrillated  tissue  which  separates  the  future  funiculi  graciles. 

Up  to  the  third  month  of  fetal  life  the  medulla  spinalis  occupies  the  entire 
length  of  the  vertebral  canal,  and  the  spinal  nerves  pass  outward  at  right  angles 
to  the  medulla  spinalis.  From  this  time  onward,  the  vertebral  colunm  grows  more 
rapidly  than  the  medulla  spinalis,  and  the  latter,  being  fixed  above  through  its 
continuity  with  the  brain,  gradually  assumes  a  higher  position  within  the  canal. 
By  the  sixth  month  its  lower  end  reaches  only  as  far  as  the  upper  end  of  the  sacrum; 
at  birth  it  is  on  a  level  with  the  third  lumbar  vertebra,  and  in  the  adult  with  the 
lower  border  of  the  first  or  upper  border  of  the  second  lumbar  vertebra.  A  delicate 
filament,  the  filmn  terminale,  extends  from  its  lower  end  as  far  as  the  coccyx. 

The  Siiinal  Nerves. — Each  spinal  nerve  is  attached  to  the  medulla  spinalis  by 
an  anterior  or  ventral  and  a  posterior  or  dorsal  root. 

The  fibres  of  the  anterior  roots  are  formed  by  the  axons  of  the  neuroblasts 
which  lie  in  the  ventral  part  of  the  mantle  layer;  these  axons  grow  out  through  the 
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overlying  margioal  laver  and  become  grouped   to  form  the  anterior  nerve  root 
(Fig.  117). 

The  fibres  of  the  posterior  roots  are  developed  from  the  cells  of  the  spinal  ganglia. 
Before  the  neural  groove  is  closed  to  form  the  neural  tube  a  ridge  of  ectodermal 
cells,  the  gaoclioD  ridice  or  neur&l  crest  (Fig.  119),  appears  along  the  prominent 
margin  of  each  neural  fold.  When  the  folds  meet  in  the  middle  line  the  two  gan- 
glion ridges  fuse  and  form  a  wedge-shaped  area  along  the  line  of  closure  of  the  tube. 
The  cells  of  this  area  proliferate  rapidly  opposite  the  primitive  segments  and  then 
migrate  in  a  lateral  and  ventral  direction  to  the  sides  of  the  neural  tube,  where  they 
ultimately  form  a  series  of  oval-shaped  masses,  the  future  spinal  ganglia.  These 
ganglia  are  arranged  symmetrically  on  the  two  sides  of  the  neural  tube  and,  except 
in  the  region  of  the  tail,  are  equal  in  number  to  the  primitive  segments.  The  cells 
of  the  ganglia,  like  the  cells  of  the  mantle  layer,  are  of  two  kinds,  viz.,  Bponglo- 
blasts  and  cenroblasts.  The  spongioblasts  develop  into  the  neuroglial  cells  of  the 
ganglia.  The  neuroblasts  are  at  first  round  or  oval  in  shape,  but  soon  assume 
the  form  of  spindles  the  extremities  of  which  gradually  elongate  into  central  and 
peripheral  processes.  The  central 
processes  grow  medialward  and,  be- 
coming connected  with  the  neural 
tube,  constitute  the  fibres  of  the 
posterior  nerve  roots,  while  the  per- 
ipheral processes  grow  lateralward  to 
mingle  with  the  fibres  of  the  anterior 
root  in  the  spinal  nerve.  As  de- 
velopment proceeds  the  original 
bipolar  form  of  the  cells  changes; 
the  two  processes  become  approxi- 
mated until  they  ultimately  arise 
from  a  single  stem  io  a  T-sha[}ed 
manner.  Only  in  the  ganglia  of  the 
acoustic  nerve  is  the  bipolar  form 
retained.  More  recent  observers  hold, 
however,  that  the  T-form  is  derived 
from  the  branching  of  a  single  pro- 
cess which  grows  out  from  the  cell. 
The  anterior  or  ventral  and  the  pos- 
terior or  dorsal  nerve  roots  join  imme- 
diately beyond  the  spinal  ganglion  to  form  the  spinal  nerve,  which  then  divides  into 
anterior,  posterior,  and  visceral  divisions.  The  anterior  and  posterior  divisions 
proceed  directly  to  their  areas  of  distribution  without  further  association  with 
ganglion  cells  (Fig.  120).  The  visceral  divisions  are  distributed  to  the  thoracic, 
abdominal,  and  pelvic  viscera,  to  reach  which  they  pass  through  the  sympathetic 
trunk,  and  many  of  the  fibres  form  arborizations  around  the  ganglion  cells  of  this 
trunk.  Visceral  branches  are  not  given  off  from  all  the  spinal  nerves;  they  form 
two  groups,  viz.,  (a)  thoracico-lnmbar,  from  the  first  or  second  thoracic,  to  the 
second  or  third  lumbar  nerves;  and  (b)  peMc,  from  the  second  and  third,  or 
third  and  fourth  sacral  nerves. 

The  Brain. — The  brain  is  developed  from  the  anterior  end  of  the  neural  tube, 
which  at  an  early  period  becomes  expanded  into  three  vesicles,  the  primary  cerebral 
vesicles  (Hg.  76).  These  are  marked  off  from  each  other  by  intervening  con- 
strictions, and  are  named  the  prosencephalon  or  tore-brain,  the  mesencephalon 
or  mid-brain,  and  the  rhombencephalon  or  hind-brain — the  last  being  continuous 
with  the  medulla  spinalis.  As  the  result  of  unequal  growth  of  these  different 
parts  three  flexures  are  formed  and  the  embryonic  brain  becomes  bent  on  itself 
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in  a  somewhat  zigzag  fashion;  the  two  earliest  flexures  are  concave  ventrally 
and  are  associated  with  corresponding  flexures  of  the  whole  head.  The  first  flexure 
appears  in  the  region  of  the  mid-brain,  and  is  named  the  ventral  cephalic  flexure 
(Fig.  125).  By  means  of  it  the  fore-brain  is  bent  in  a  ventral  direction  around 
the  anterior  end  of  the  notochord  and  fore-gut,  with  the  result  that  the  floor  of 
the  fore-brain  comes  to  lie  almost  parallel  with  that  of  the  hind-brain.  This 
flexure  causes  the  mid-br^n  to  become,  for  a  time,  the  most  prominent  part  of 
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the  brain,  since  its  dorsal  surface  corresponds  with  the  convexity  of  the  curve. 
The  second  bend  appears  at  the  junction  of  the  hind-brain  and  medulla  spinalis. 
This  is  termed  the  cervical  flexme  (Fig.  127),  and  increases  from  the  third  to  the 
end  of  the  fifth  week,  when  the  hind-brain  forms  nearly  a  right  angle  with  the 
medulla  spinalis;  after  the  fifth  week  erection  of  the  head  takes  place  and  the  cervi- 
cal flexure  diminishes  and  disappears.  The  third  bend  is  named  the  pontine  flexure 
(Fig.  127),  because  it  is  found  in  the  region  of  the  future  pons  Varoli.    It  differs 
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from  the  other  two  in  that  (a)  its  convexity  is  forward,  and  (6)  it  does  not  affet't 
the  head.  The  lateral  walls  of  the  braio-tube,  like  those  of  the  medulla  spinalis, 
are  divided  by  internal  furrows  into  alar  or  dorsal  and  basal  or  ventral  laminae 
(Fig.  121). 


Fia.  122.— Tnnivtnagectionof  msduUsoblaniaUof  humiln 
Bmbiyo.     X  32.    <KoUm«nn.) 

The  Kbombencephalon  or  Hind-bram. — The  cavity  of  the  hind-brain  becomes 
the  fourth  ventricle.  At  the  time  when  the  ventral  cephalic  flexure  makes  its 
appearance,  the  length  of  the  hind-brain  exceeds  the  combined  lengths  of  the  other 
two  vesicles.  Immediately  behind  the  mid-brain  it  exhibits  a  marked  constriction, 
the  isthmns  dutmbencephali  (Fig.  125,  Isthmus),  which  is  best  seen  when  the  brain  is 
viewed  from  the  dorsal  aspect.    From  the  isthmus  the  anterior  medullary  velum 
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and  the  brachia  conjunctiva  of  the  cerebellum  are  formed.  It  is  customary  to 
divide  the  rest  of  the  hind-brain  into  two  parts,  viz.,  an  upper,  called  the  meton- 
cephalon,  and  a  lower,  the  myelencephalon.  The  cerebellum  is  developed  by  a 
thickening  of  the  roof,  and  the  pons  by  a  thickening  in  the  floor  and  lateral  walls 
of  the  metencephalon.     The  floor  and  lateral  walls  of  the  myelencephalon  are 
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thickened  to  form  the  medulla  oblongata;  its  roof  remains  thin,  and,  retaining  to 
a  great  extent  its  epithelial  nature,  is  expanded  in  a  lateral  direction.  Later,  by 
the  growth  and  backward  extension  of  the  cerebellum,  the  roof  is  folded  inward 
toward  the  cavity  of  the  fourth  ventricle;  it  assists  in  completing  the  dorsal  wall 
of  this  cavity,  and  is  also  invaginated  to  form  the  ependymal  covering  of  its  choroid 
plexuses.  Above  it  is  continuous  with  the  posterior  medullary  velum;  below,  with 
the  obex  and  ligulv. 
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The  development  of  the  medolla  oblongata  resembles  that  of  the  medulla  spinalis, 
but  at  the  same  time  exhibits  one  or  two  interesting  modifications.  On  transverse 
section  the  myelencephalon  at  an  early  stage  is  seen  to  consist  of  two  lateral  walls, 
connected  across  the  middle  line  by  floor-  and  roof-plates  (Figs.  122  and  123). 
Each  lateral  wall  consists  of  an  alar  and  a  basal  lamina,  separated  by  an  internal 
furrow,  the  remains  of  which  are  represented  in  the  adult  brain  by  the  sulcus 
limitans  on  the  rhomboid  fossa.  The  contained  cavity  is  more  or  less  triangular 
in  outline,  the  base  being  formed  by  the  roof-plate,  which  is  thin  and  greatly 
expanded  transversely.  Pear-shaped  neuroblasts  are  developed  in  the  alar  and 
basal  laminte.  and  their  narrow  stalks  are  elongated  to  form  the  axis-cylinders  of 
the  aer\'e  fibres.  Opposite  the  furrow  or  boundary  between  the  alar  and  basal 
lam  i  DIE  a  bundle  of  nerve  fibres  attaches  itself  to  the  outer  surface  of  the  alar 
lamina.  This  is  named  the  traettu  sditarins  (Fig.  123),  and  is  formed  by  the  sensory 
6bres  of  the  glossopharyngeal  and  vagus  nerves.  It  is  the  homologue  of  the  oral 
bnndle  seen  in  the  medulla  spinalis,  and,  like  it,  is  developed  by  an  ingrowth  of 
fibres  from  the  ganglia  of  the  neural  crest.  At  first  it  is  applied  to  the  outer  surface 
of  the  alar  lamina,  but  it  soon  becomes  buried,  owing  to  the  growth  over  it  of  the 
neighboring  parts.  By  the  fifth  week  the  dorsal  part  of  the  alar  lamina  bends 
in  a  lateral  direction  along  its  entire  length,  to  form  what  is  termed  the  rhombic 
Iv  (Figs-  123,  124).    Within  a  few  days  this  lip  becomes  applied  to,  and  unites 
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with,  the  outer  surface  of  the  main  part  of  the  alar  lamioa,  and  so  covers  in  the 
tractus  solitarius  and  also  the  spinal  root  of  the  trigeminal  nerve;  the  nodulus 
and  flocculus  of  the  cerebellum  are  developed  from  the  rhombic  lip. 

Neuroblasts  accumulate  in  the  mantle  layer;  those  in  the  basal  lamina  corre- 
spond with  the  cells  in  the  anterior  gray  column  of  the  medulla  spinalis,  and,  like 
them,  give  origin  to  motor  nerve  fibres ;  in  the  medulla  oblongata  they  are,  however, 
arranged  in  groups  or  nuclei,  instead  of  forming  a  continuous  column.  From  the 
alar  lamina  and  its  rhombic  lip,  neuroblasts  migrate  into  the  basal  lamina,  and 
become  aggregated  to  form  the' olivary  nuclei,  while  many  send  their  axis-cylinders 
through  the  floor-plate  to  the  opposite  side,  and  thus  constitute  the  rudiment  of 
the  raph6  of  the  medulla  oblongata.  By  means  of  this  thickening  of  the  ventral 
portion,  the  motor  nuclei  are  buried  deeply  in  the  interior,  and,  in  the  adult,  are 
found  close  to  the  rhomboid  fossa.  This  is  still  further  accentuated:  (a)  by  the 
development  of  the  pyrami<^,  which 
^^A  are  formed  about  the  fourth  month 

by    the  downward  growth    of   the 
motor  fibres  from  the  cerebral  cortex ; 
and  (fr)  by  the  fibres  which  pass  to 
'  and  from  the  cerebellum.     On  the 

^  rhomboid  fossa  a  series  of  six  tem- 

■^  porary   furrows   appears;  these   are 

termed  the  rh<aabic  gntfna.  They 
bear  a  definite  relationship  to  certain 
of  the  cerebral  nerves;  thus,  from 
before  backward  the  first  and  second 
grooves  overlie  the  nucleus  of  the 
trigeminal;  the  third,  the  nucleus  of 
the  facial;  the  fourth,  that  of  the  ab- 
ducent; the  fifth,  that  of  the  glosso- 
pharyngeal; and  the  sixth,  that  of 
the  vagus. 

The  pons  is  developed  from  the 
ventro-Iateral  wall  of  the  meten- 
cephalon  by  a  process  similar  to  that 
which  has  been  described  for  the 
medulla  oblongata. 

The  cerebellum  is  developed  in 

the    roof  of  the  anterior  part  of 

F.«.  m.-Br««o(hu™«™b;yoo<four.«i.b.nw«i*    the  hind-bfain    (Figs.  124  to  129). 
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become  thickened  to  form  two 
lateral  plates  which  soon  fuse  in  the  middle  line  and  produce  a  thick  lamina  which 
roofs  in  the  upper  part  of  the  cavity  of  the  hind-brain  vesicle;  this  constitutes 
the  rudiment  of  the  cerebellum,  the  outer  surface  of  which  is  originally  smooth 
and  convex.  The  fissures  of  the  cerebellum  appear  first  in  the  vermis  and  fioccular 
region,  and  traces  of  them  are  found  during  the  third  month;  the  fissures  on  the 
cerebellar  hemispheres  do  not  appear  until  the  fifth  month.  The  primitive  fissures 
are  not  developed  in  the  order  of  their  relative  size  in  the  adult — thus  the  hori- 
zontal sulcus  in  the  fifth  month  is  merely  a  shallow  groove.  The  best  marked 
of  the  early  fissures  are:  (a)  the  flssom  prima  between  die  developing  culmen  and 
declive,  and  (fc)  the  flssnra  secimda  between  the  future  pyramid  and  uvula.  The 
flocculus  and  nodule  are  developed  from  the  rhombic  Hp,  and  are  therefore  recog- 
nizable as  separate  portions  before  any  of  the  other  cerebellar  lobules.  The 
groove  produced  by  the  bending  over  of  the  rhombic  lip  is  here  known  as  the 
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m;  when  the  two  lateral  walls  fuse,  the  right  and  left  floccular  fissures 
join  in  the  middle  line  and  their  central  part  becomes  the  poBt-nodnlar  fissure. 

On  the  ventricular  surface  of  the  cerebellar  lamina  a  transverse  furrow,  the 
indsoia  futigii,  appears,  and  deepens  to  form  the  tent-like  recess  of  the  roof  of  the 
fourth  ventricle.  The  rudiment  of  the  cerebeUum  at  first  projects  in  a  dorsal 
direction;  but,  by  the  backward  growth  of  the  cerebrum,  it  is  folded  downward  and 
aomenhat  flattened,  and  the  thin  roof-plate  of  the  fourth  ventricle,  originally 
continuous  with  the  posterior  border  of  the  cerebellum,  is  projected  inward  toward 
the  cavity  of  the  ventricle. 

no  Hasenc«pli«lon  or  Mid-brain. — ^The  mid-brain  (Figs.  125  to  129)  exists  for  a 
time  as  a  thio-walled  cavity  of  some  size,  and  is  separated  from  the  isthmus  rhom- 
GDcephali  behind,  and  from  the  fore-brain  in  front,  by  slight  constrictions.  Its 
cavity  becomes  relatively  reduced  in  diameter,  and  forms  the  cerebral  aqueduct 
of  the  adult  brain.  Its  basal  laminee  increase  in  thickness  to  form  the  cerebral 
peduncles,  which  are  at  first  of  small  size,  but  rapidly  enlarge  after  the  fourth  month. 

Qanglit/n  hahenuSa 
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The  neuroblasts  of  these  laminie  are  grouped  in  relation  to  the  sides  and  floor 
ot  the  cerebral  aqueduct,  and  constitute  the  nuclei  of  the  oculomotor  and  trochlear 
ner\'es,  and  of  the  mesencephalic  root  of  the  trigeminal  nerve.  By  a  similar 
thickening  process  its  alar  laminee  are  developed  into  the  quadrigeminal  lamina. 
The  dorsal  part  of  the  wall  for  a  time  undergoes  expansion,  and  presents  an  internal 
median  furrow  and  a  corresponding  external  ridge;  these,  however,  disappear, 
and  the  latter  is  replaced  by  a  groove.  Subsequently  two  oblique  furrows  extend 
medtalward  and  backward,  and  the  thickened  lamina  is  thus  subdivided  into  the 
superior  and  inferior  coUiculi. 

The  Fn»encephal(m  or  Fore-brain. — k  transverse  section  of  the  early  fore-brain 
shows  the  same  parts  as  are  displayed  in  similar  sections  of  the  medulla  spinalis 
and  medulla  oblongata,  viz.,  a  pair  of  thick  lateral  walls  connected  by  thin  floor- 
and  roof-plates.  Moreover,  each  lateral  wall  exhibits  a  division  into  a  dorsal  or 
alar  and  a  ventral  or  basal  lamina  separated  internally  by  a  furrow  termed  the  sulcus 
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of  Hrairo.  This  sulcus  ends  anteriorly  at  the  medial  end  of  the  optic  stalk,  and  in 
the  adult  brain  is  retained  as  a  slight  groove  extending  backward  from  the  inter- 
ventricular foramen  to  the  cerebral  aqueduct. 

At  a  very  early  period — in  some  animals  before  the  closure  of  the  cranial  part  of 
the  neural  tube — two- lateral  diverticula,  the  optic  vesicleB,  appear,  one  on  either 
side  of  the  fore-brain;  for  a  time  they  communicate  with  the  cavity  of  the  fore-brain 
by  relatively  wide  openings.  The  peripheral  parts  of  the  vesicles  expand,  while 
the  proximal  parts  are  reduced  to  tubular  stalks,  the  optic  stalks.  The  optic  vesicle 
gives  rise  to  ^e  retina  and  the  epithelium  on  the  back  of  the  ciliary  body  and  iris; 
the  optic  stalk  is  invaded  by  nerve  fibres  to  form  the  optic  nerve.  The  fore-brain 
then  grows  forward,  and  from  the  alar  laminae  of  this  front  portion  the  cerebral 
hemispheres  originate  as  diverticula  which  rapidly  expand  to  form  two  large 
pouches,  one  on  either  side.  The  cavities  of  these  diverticula  are  the  rudiments  of 
the  lateral  vwitrieles;  they  communicate  with  the  median  part  of  the  fore-brain 
cavity  by  relatively  wide  openings,  which  ultimately  form  the  interventrictilar 


Cervical  ^fiexurt 
Fio.  128.— Interior  of  bnin  of  humui  embiyo  of  five  weeks.     (From  model  by  Big.) 

foramen.  The  median  portion  of  the  wail  of  the  fore-brain  vesicle  consists  of  a 
thin  lamina,  the  lamina  terminalis  (Figs.  129,  132),  which  stretches  from  the 
inter\'entrieular  foramen  to  the  recess  at  the  base  of  the  optic  stalk.  The 
anterior  part  of  the  fore-brain,  including  the  rudiments  of  the  cerebral  hemi- 
spheres, is  named  the  telMicephalon,  and  its  posterior  portion  is  termed  the 
diencephalon;  both  of  these  contribute  to  the  formation  of  the  third  ventricle. 
The  Diencephalon.— From  the  alar  lamina  of  the  diencephalon,  the  thalamus, 
metathalamus,  and  epithalamus  are  developed.  The  thalanms  (Figs.  125  to  129} 
arises  as  a  thickening  which  involves  the  anterior  two-thirds  of  the  alar  lamina. 
The  two  thalami  are  visible,  for  a  time,  on  the  surface  of  the  brain,  but  are  subse- 
quently hidden  by  the  cerebral  hemispheres  which  grow  backward  over  them. 
The  thalami  extend  medialward  and  gradually  narrow  the  cavity  between  them 
into  a  slit-like  aperture  which  forms  the  greater  part  of  the  third  ventricle;  their 
medial  surfaces  ultimately  adhere,  in  part,  to  each  other,  and  the  inteimediate 
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mia  of  the  ventricle  is  developed  across  the  area  of  contact.  The  metathaUmtu 
comprises  the  geniculate  bodies  which  originate  as  slight  outwajtl  bulgings  of  the 
alar  lamina.  In  the  adult  the  lateral  geniculate  body  appears  as  an  eminence  on 
the  lateral  part  of  the  posterior  end  of  the  thalamus,  while  the  medial  is  situated 
on  the  lateral  aspect  of  the  mesencephalon.  The  epithalamns  includes  the  pineal 
body,  tbe  posterior  commissure,  and  the  trigonum  habenulae.  The  pineal  body 
arises  as  an  upward  evagination  of  the  roof-plate  immediately  in  front  of  the  mid* 
brain;  tliis  evagination  becomes  solid  with  the  exception  of  its  proximal  part, 
which  persists  as  the  recessus  pinealls.  In  lizards  the  pineal  evagination  is  elongated 
into  a  stalk,  and  its  peripheral  extremity  is  expanded  into  a  vesicle,  in  which  a 
nidimentary  lens  and  retina  are  formed;  the  stalk  becomes  solid  and  nerve  fibres 
make  their  appearance  in  it,  so  that  in  these  animals  the  pineal  body  forms  a 
nidimentary  eye.  The  posterior  commissure  is  formed  by  the  ingrowth  of  fibres 
into  the  depression  behind  and  below  the  pineal  evagination,  and  the  trigonum 
habenulae  is  developed  in  front  of  the  pineal  recess. 

Choroidid  fieture 


Fio.  129. — Median  ugittAl  aeetiDD  at  bnin  at  bumao  embryo  of  tbrec  moniliB.     (From  model  by  Uii.) 

From  the  basal  lamiose  of  the  diencephalon  the  pars  mamillaria  hypothalami 
is  developed;  this  comprises  the  corpora  mamillaria  and  the  posterior  part  of  the 
tuber  cinereum.  The  corpora  mamillaria  arise  as  a  single  thickening,  which 
becomes  divided  into  two  by  a  median  furrow  during  the  third  month. 

The  roof-plate  of  the  diencephalon,  in  front  of  the  pineal  body,  remains  thin  and 
epithelial  in  character,  and  Is  subsequently  invaginated  by  the  choroid  plexuses 
of  the  third  ventricle. 

The  Telencephalon. — This  consists  of  a  median  portion  and  two  lateral  diver- 
ticula. The  median  portion  forms  the  anterior  part  of  the  cavity  of  the  third 
ventricle,  and  is  closed  below  and  in  front  by  the  lamina  terminalis.  The  lateral 
diverticula  consist  of  outward  pouchings  of  the  alar  laminee;  the  cavities  represent 
the  lateral   ventricles,  and   their  walls  become  thickened  to  form  the  nervous 


128  EMBRYOLOGY 

matter  of  the  cerebral  hembpheres.  The  roof-plate  of  the  telencephaloD  remains 
thin,  and  is  continuous  in  front  with  the  lamina  terminalis  and  behind  with  the 
roof-plate  of  the  diencephalon.  In  the  basal  laminee  and  door-plate  the  pan 
optiea  hjipothalaml  is  developed;  this  comprises  the  anterior  part  of  the  tuber 
dnereum,  the  infundibulum  and  posterior  lobe  of  the  hypophysis,  and  the  optic 
chiasma.  The  anterior  part  of  the  tuber  cinereum  is  derived  from  the  posterior 
part  of  the  floor  of  the  telencephalon;  the  infundibulum  and  posterior  lobe  of  the 
hypophysis  arise  as  a  downward  diverticulmn  from  the  floor.  The  most  dependent 
part  of  the  diverticulum  becomes  solid  and  forms  the  posterior  lobe  of  the  hypo- 
physis; the  anterior  lobe  of  the  hypophysis  is  developed  from  a  diverticulum  of  the 
ectodermal  lining  of  the  stomodeum  (page  166).  The  optic  chiasma  is  formed 
by  the  meeting  and  partial  decussation  of  the  optic  nerves,  which  subsequently 
grow  backward  as  the  optic  tracts  and  end  in  the  diencephalon. 

The  cerebral  hsmispheres  arise  as  diverticula  of  the  alar  laminie  of  the  telen- 
cepbalon  (Figs.  125  to  129) ;  they  increase  rapidly  in  size  and  ultimately  overlap 
the  structures  developed  from  the  mid-  and  hind-brains.    This  great  expansion 

of  the  hemispheres  is  a  char- 
acteristic feature  of  the  brains 
of  mammals,  and  attains  its 
maximum  development  in 
the  brain  of  man.  Elliott- 
Smith  divides  each  cerebral 
Ogr.  olf-  hemisphere  into  three  funda- 

Gi/T.  olf.  inf.  mental  parts,  viz.,  the  ihinaiH 

eephalon,  the  corpus  Btiiatnm, 
Oyr.  ainbient  and  the  noopaUium. 

ayr.  diagonoih  The   rhinencephaloii    (Fig. 

-  _  130)    represents    the  oldest 

part  of  the  telencephalon, 
and  forms  almost  the  whole 
of  the  hemisphere  in  fishes, 
amphibians,  and  reptiles.  In 
man  it  is  feebly  developed 
in  comparison  with  the  rest 
F«,  ijo-interior  .uri««  of  br«n  of  embryo  .t  b<«iDmiu  of  fourth  "^  **^  hemisphere,  and  com- 
moDih.   (From  KoUmnD.)  prises    the    following    parts, 

viz.,  the  olfactory'  lobe  (con- 
sisting of  the  oKaetory  tract  and  bulb  and  the  trigonum  olfactorium),  the  anterior 
perforated  substance,  the  septum  pellucidum,  the  subcallosal,  supracallosal,  and 
dentate  gyri,  the  fornix,  the  hippocampus,  and  the  uncus.  The  rhineucephalon 
appears  as  a  longitudinal  elevation,  with  a  corresponding  internal  furrow,  on  the 
under  surface  of  the  hemisphere  close  to  the  lamina  terminalis;  it  is  separated 
from  the  lateral  surface  of  the  hemisphere  by  a  furrow,  the  exMmai  rhinal  fionirfl, 
and  is  continuous  behind  with  that  part  of  the  hembphere,  which  will  ultimately 
form  the  anterior  end  of  the  temporal  lobe.  The  elevation  becomes  divided  by 
a  groove  into  an  anterior  and  a  posterior  part.  The  anterior  grows  forward  as 
a  hollow  stalk  the  lumen  of  which  is  continuous  with  the  anterior  part  of  the  ven- 
tricular cavity.  During  the  third  month  the  stalk  becomes  solid  and  forms  the 
rudiment  of  the  olfactory  bulb  and  tract;  a  strand  of  gelatinous  tissue  in  the  interior 
of  the  bulb  indicates  the  position  of  the  original  cavity.  From  the  posterior  part  the 
anterior  perforated  substance  and  the  pyriform  lol)e  are  developed;  at  .the  begin- 
ning of  the  fourth  month  the  latter  forms  a  cur\'ed  elevation  continuous  behind 
with  the  medial  surface  of  the  temporal  lobe,  and  consisting,  from  before  backu'ard, 
of  the  gjTus  olfactorius  lateralis,  gjTus  ambiens,  and  gyrus  semilunaris,  parts  which 
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in  the  adult  brain  are  represented  by  the  lateral  root  of  the  olfactorj*  tract  and  the 
uncus.  The  position  and  connections  of  the  remaining  portions  of  the  rhinen- 
L-ephaion  are  described  with  the  anatomy  of  the  brain. 

The  cwpos  striatom  (Figs.  126  and  128)  appears  in  the  fourth  week  as  a  triangular 
thickening  of  the  floor  of  the  telencephalon  between  the  optic  recess  and  the 
i!iter\'enticular  foramen,  and  continuous  behind  with  the  thalamic  part  of  the 
diencephalon.  It  increases  in  size,  and  by  the  second  month  is  seen  as  a  swelling 
in  the  floor  of  the  future  lateral  ventricle;  this  swelling  reaches  as  far  as  the  posterior 
end  of  the  primitive  hemisphere,  and  when  this  part  of  the  hemisphere  grows 
backward  and  downward  to  form  the  temporal  lobe,  the  posterior  part  of  the  corpus 
striatum  is  carried  into  the  roof  of  the  inferior  horn  of  the  ventricle,  where  it  is 
seen  as  the  tail  of  the  caudate  nucleus  in  the  adult  brain.  During  the  fourth  and 
fifth  months  the  corpus  striatum  becomes  incompletely  subdivided  by  the  fibres  of 
the  internal  capsule  into  two  masses,  an  inner,  the  caudate  nucleus,  and  an  outer, 
the  lentif Ofm  nucleus.  In  front,  the  corpus  striatum  is  continuous  with  the  anterior 
perforated  substance;  laterally  it  is  confluent  for  a  time  with  that  portion  of  the 
wall  of  the  vesicle  which  is  developed  into  the  insula,  but  this  continuity  is  sub- 
sequently interrupted  by  the  fibres  of  the  external  capsule. 


Fio.  131.— Diicnmnu 


The  seopallinm  (Fig.  131)  forms  the  remaining,  and  by  far  the  greater,  part  of  the 
cerebral  hemisphere.  It  consists,  at  an  early  stage,  of  a  relatively  large,  more  or 
less  hemispherical  cavity — the  primitive  lateral  ventricle— enclosed  by  a  thin  wall 
from  which  the  cortex  of  the  hemisphere  is  developed.  The  vesicle  expands  in  all 
directions,  but  more  especiallj-  upward  and  backward,  so  that  by  the  third  month 
the  hemispheres  cover  the  diencephalon,  by  the  sixth  they  overlap  the  mid-brain. 
and  by  the  eighth  the  hind-brain. 

The  median  lamina  uniting  the  two  hemispheres  does  not  share  in  their  expan- 
sion, and  thus  the  hemispheres  are  separated  by  a  deep  cleft,  the  forerunner  of 
the  longitudinal  fissure,  and  this  cleft  is  occupied  by  a  septum  of  mesodermal 
tissue  which  constitutes  the  primitive  falx  cerebri.     Coincidently  with  the  expan- 
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sion  of  the  vesicle,  its  cavity  is  drawn  out  into  three  prolongations  which  represent 
the  horas  of  the  future  lateral  ventricle;  the  hinder  end  of  the  vesicle  is  carried  down- 
ward and  forward  and  forms  the  inferior  horn;  the  posterior  horn  is  produced 
somewhat  later,  in  association  with  the  backward  growth  of  the  occipital  lobe  of 
the  hemisphere.  The  roof-plate  of  the  primitive  fore-brain  remains  thin  and  of  an 
epithelial  character;  it  is  invagiaated  into  the  lateral  ventricle  along  the  medial 
wall  of  the  hemisphere.  This  invagination  constitutes  the  choroidal  fissure,  and 
extends  from  the  interventricular  foramen  to  the  posterior  end  of  the  vesicle.  Mes- 
odermal tissue,  continuous  with  that  of  the  primitive  falx  cerebri,  and  carrying 
bloodvessels  with  it,  spreads  between  the  two  layers  of  the  invaginated  fold  and 
forms  the  rudiment  of  the  tela  choroidea;  the  margins  of  the  tela  become  highly 
vascular  and  form  the  choroid  plexuses  which  for  some  months  almost  completely 
fill  the  ventricular  cavities;  the  tela  at  the  same  time  invaginates  the  epithelial 
roof  of  the  diencephalon  to  form  the  choroid  plexuses  of  the  third  ventricle.  By 
the  downward  and  forward  growth  of  the  posterior  end  of  the  vesicle  to  form  the 
temporal  lobe  the  choroidal  fissure  finally  reaches  from  the  interventricular  fora- 
men to  the  extremity  of  the  inferior  horn  of  the  ventricle. 

Chonnital  fioure 
Ogrut 


7orpai  coUiMufn 
Poll.  commiMttre  Septum  pellucidum 

Anttrior  commitmirt 

Corpora  qaadrigemim  .     , . 

Cerebral  aqardue  """  t«™"™" 


Cerebral  piduacl 


FiQ.  132. — Mgdiiui  uiitud  aeclioD  of  brain  of  humiu)  embiyo  <J  lout  month*.     (Mu«h*ad.} 

Parallel  with  but  above  and  in  front  of  the  choroidal  fissure  the  medial  wall  of 
the  cerebral  vesicle  becomes  folded  outward  and  gives  rise  to  the  hlppocampal 
flssuTA  on  the  medial  surface  and  to  a  corresponding  elevation,  the  hippocampus, 
within  the  ventricular  cavity.  The  gray  or  ganglionic  covering  of  the  wall  of  the 
vesicle  ends  at  the  inferior  margin  of  the  fissure  is  a  thickened  edge;  beneath  this 
the  marginal  or  reticular  layer  (future  white  substance)  is  exposed  and  its  lower 
thinned  edge  Is  continuous  with  the  epithelial  invagination  covering  the  choroid 
plexus  (Fig.  131).  As  a  result  of  the  later  downward  and  forward  growth  of  the 
temporal  lobe  the  hippocampal  fissure  and  the  parts  associated  with  it  extend  from 
the  interventricular  foramen  to  the  end  of  the  inferior  horn  of  the  ventricle. 
The  thickened  edge  of  gray  substance  becomes  the  gyrus  dentatus,  the  fasciola 
cinerea  and  the  supra-  and  subcallosal  gyri,  while  the  free  edge  of  the  white  sub- 
stance forms  the  &nbria  hippocampi  and  the  body  and  crus  of  the  fornix.  The 
corpus  callosum  is  developed  within  the  arch  of  the  hippocampal  fissure,  and  the 
upper  part  of  the  fissure  forms,  in  the  adult  brain,  the  callosal  fissure  on  the  medial 
surface  of  the  hemisphere. 
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The  CommisBiuw  (Fig-  132). — The  development  of  the  posterior  commissure 
has  already  been  referred  to  (page  127).  The  great  commisssures  of  the  hemi- 
spheres, viz.,  the  corpus  eallosun,  the  torntz,  and  anterior  eommiBmre,  arise  from 
the  lamina  terminalis.  About  the  fourth  month  a  small  thickening  appears  in 
this  lamina,  immediately  in  front  of  the  interventricular  foramen.  The  lower 
part  of  this  thickening  is  soon  constricted  off,  and  fibres  appear  in  it  to  form 
the  anterior  commissure.  The  upper  part  continues  to  grow  with  the  hemispheres, 
and  is  invaded  by  two  sets  of  fibres.  Transverse  fibres,  extending  between  the 
hemispheres,  pass  into  its  dorsal  part,  which  is  now  differentiated  as  the  corpus 
callosum  (in  rare  cases  the  corpus  callosum  is  not  developed).  Into  the  ventral 
part  longitudinal  fibres  from  the  hippocampus  pass  to  the  lamina  terminalis,  and 
through  that  structure  to  the  corpora  mamillaria;  these  fibres  constitute  the  fornix. 
A  small  portion,  Ijdng  antero-inferiorly  between  the  corpus  callosum  and  fornix, 
b  not  invaded  by  the  commissural  fibres;  it  remains  thin,  and  later  a  cavity, 
the  cavity  of  the  septum  pellucidum,  forms  in  its  interior. 

Fiuoies  and  Said. — The  outer  surface  of  the  cerebral  hembphere  is  at  first  smooth, 
but  later  it  exhibits  a  number  of  elevations  or  convolutions,  separated  from  each 
other  by  fissures  and  sulci,  most  of  which 

make  their  appearance  during  the  sixth  paneial 

or  seventh  months  of  fetal  life.    The  oprrruium 

tetmfisttire  is  applied  to  such  grooves  as 
involve  the  entire  thickness  of  the  cere- 
bral wall,  and  thus  produce  correspond- 
ing eminences  in  the  ventricular  cavity, 
while  the  »uici  affect  only  the  superficial 
part  of  the  wall,  and  therefore  leave  no 
impres^ons  in  the  ventricle.  The  fissures 
comprise  the  choroidal  and  bippocunpal 
already  described,  and  two  others,  viz., 
the  ulcarins  and  collateral,  which  pro- 
duce the  swellings  known  respectively 
as  the  ealcu  avis  and  the  collateral 
nninenM  in  the  ventricular  cavity.  Of 
the  sulci  the  following  may  be  referred 
to,  viz.,  the   central  mlciu    (fissure  of  Frontal  opmulum 

Rolando),    which     is    developed     in     two  F.a,  133.-OuUr  .urO™  of  ««b«l  h™.ph«r,  ol 

parts;  the  intraparietal   stilcus   in   four  """"o  en*ryo  ot  about  five  mootha. 

parts;  and  the  cinculate  snlcoa  in  two 

or  three  parts.  The  lateral  cerebral  or  SylviaD  flsmre  differs  from  all  the  other 
fissures  in  its  mode  of  development.  It  appears  about  the  third  month  as  a  depres- 
sion, the  Sflvian  fosu,  on  the  lateral  surface  of  the  hemisphere  (Fig.  133);  this 
fossa  corresponds  with  the  position  of  the  corpus  striatum,  and  its  floor  is  moulded 
to  form  the  insula.  The  intimate  connection  which  exists  between  the  cortex 
of  the  insula  and  the  subjacent  corpus  striatum  prevents  this  part  of  the  hemis- 
phere wall  from  expanding  at  the  same  rate  as  the  portions  which  surround  it. 
The  neighboring  parts  of  the  hemisphere  therefore  gradually  grow  over  and  cover 
in  the  insula,  and  constitute  the  temporal,  parietal,  frontal,  and  orbital  opercula 
of  the  adult  brain.  The  frontal  and  orbital  opercula  are  the  last  to  form,  but  by  the 
end  of  the  first  year  after  birth  the  insula  is  completely  submerged  by  the  approxi- 
mation of  the  opercula.  The  fissures  separating  the  opposed  margins  of  the  oper- 
cula constitute  the  composite  lateral  cerebral  fissure. 

If  a  section  across  the  wall  of  the  hemisphere  about  the  sixth  week  be  examined 
microscopically  it  will  be  found  to  consist  of  a  thin  marginal  or  reticular  layer,  a 
thick  ependymal  layer,  and  a  thin  intervening  mantle  layer.    Neuroblasts  from  the 
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ependymal  and  mantle  layers  migrate  into  the  deep  part  of  the  marginal  layer  and 
form  the  cells  of  the  cerebral  cortex.  The  nerve  fibres  which  form  the  underlying 
white  substance  of  the  hemispheres  consist  at  first  of  outgrowths  from  the  cells  of 
the  corpora  striata  and  thalami;  later  the  fibres  from  the  cells  of  the  cortex  are 
added.  Medullation  of  these  fibres  begins  about  the  time  of  birth  and  continues 
until  puberty. 

A  summary  of  the  parts  derived  from  the  brain  vesicles  is  given  in  the  following 
table: 


Rhombencephalon 
or  Hind-brain 


1.  Myelencephalon 


2.  Metencephalon 


3.  Isthmus  rhomb- 
encephali 


Mesencephalon  or  Mid-brain 


1.  Diencephalon 


Prosencephalon  or 
Fore-brain 


2.  Telencephalon 


Medulla  oblongata 

Lower  part  of  fourth 
ventricle. 

Pons 

Cerebellum 

Intermediate  part  of  fourth 
ventricle. 

Anterior  medullary  velum 

Brachia  conjunctiva 
cerebelli. 

Upper  part  of  fourth 
ventricle. 

Cerebral  peduncles 

Lamina  quadrigemina 

Cerebral  aqueduct, 
r  Thalamus 

Metathalamus 

Epithalamus 

Pars  mamillaria  hypo- 
thalami 

Posterior  part  of  third 
ventricle. 

Anterior  part  of  third 
ventricle 

Pars  optica  hypo- 
thalami 

Cerebral  hemispheres 

Lateral  ventricles 

Interventricular  foramen. 


The  Cerebral  Nerves. — With  the  exception  of  the  olfactory,  optic,  and  acoustic 
nerves,  which  will  be  especially  considered,  the  cerebral  nerves  are  developed  in  a 
similar  manner  to  the  spinal  nerves  (see  page  119).  The  sensory  or  afferent  nerves 
are  derived  from  the  cells  of  the  ganglion  rudiments  of  the  neural  crest.  The  cen- 
tral processes  of  these  cells  grow  into  the  brain  and  form  the  roots  of  the  nerves, 
while  the  peripheral  processes  extend  outward  and  constitute  their  fibres  of  dis- 
tribution (Fig.  120).  It  has  been  seen,  in  considering  the  development  of  the 
medulla  oblongata  (page  123),  that  the  tractas  solitarius  (Fig.  135),  derived  from 
the  fibres  which  grow  inward  from  the  ganglion  rudiments  of  the  glossopharyn- 
geal and  vagus  nerves,  is  the  homologue  of  the  oval  bundle  in  the  cord  which  had 
its  origin  in  the  posterior  nerve  roots.  The  motor  or  efferent  nerves  arise  as  out- 
growths of  the  neuroblasts  situated  in  the  basal  laminae  of  the  mid-  and  hind- 
brain.  While,  however,  the  spinal  motor  nerve  roots  arise  in  one  series  from  the 
basal  lamina,  the  cerebral  motor  nerves  are  grouped  into  two  sets,  according  as 
they  spring  from  the  medial  or  lateral  parts  of  the  basal  lamina.  To  the  former 
set  belong  the  oculomotor,  trochlear,  abducent,  and  hypoglossal  nerves;  to  the 
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latter,  the  accessorj-  and  the  motor  fibres  of  the  trigeminal,  facial,  glossopharyn- 
geal, vagus  nerves  (Figs.  134,  135). 

The  Synqiathetic  System. — The  ganglion  cells  of  the  sympathetic  system  are 
derived  froni  the  cells  of  the  neural  crests.    As  these  crests  move  forward  along 
the  sides  of  the  neural  tube  and  become  segmented  off  to  form  the  spinal  ganglia, 
certain  cells  detach  themselves  from 
tbe  ventral  margins  of  the  crests 
and  migrate  toward  the  sides  of  the 
aorta,   where    some  of  them  are 
grouped  to  form  the  ganglia  of  the 
sjmpathetic  trunks,  while  others 
undergo  a   further  migration   and 
form  the  ganglia  of  the  prevertebral 

and  visceral  plexuses.    The  ciliary,  ,^^ 

sphenopalatine,  otic,  and  submax-  total 

iliarj-  ganglia  which  are  found  on 

the  branches  of  the  trigeminal  nerve  *** 

are  formed  by  groups  of  cells  which 
have  migrated  from  the  part  of 
the  neural  crest  which  gives  rise 
to  the  semilunar  ganglion.  Some 
of  the  cells  of  the  ciliarj'  ganglion 

are  said    to    migrate    from    the  ^ooi--pf<u<, 

neural  tube  along  the  oculomotor        '^''  ''*bT™T:;™r"x"3i''  X^^T"'*'^ 
nerve. 

Chiomafflii  Oigwm. — The  tissue  from  which  the  sympathetic  ganglia  are  formed 
is  at  first  a  syncytium  of  cells  termed  sympatho-chromaffin  cells,  but  later  two 
kbds  of  cells  become  differentiated  from  it;  the  smaller  cells  (sympathoblasts) 
are  transformed  into  the  sympathetic  nerve  cells,  the  larger  become  chromaffin 
cells,  and,  separating  from  the  others,  accumulate  to  form  the  chromaffin  organs. 


Ftoor-plale 
Jon  of  nwdulUi  oblongKts  at  humui  embryo.     (AfUir  Hii.) 


In  the  gangliated  trunk  of  tbe  sympathetic  the  chromaffin  bodies  are  situated  in 
depressions  in  the  ganglia.  In  connection  with  certain,  but  not  all,  of  the  secondary 
plexuses  of  the  sjTnpatbetic  system  chromaffin  organs  are  found;  the  largest  mem- 
bers of  this  series  are  the  aortic  bodies,  which  lie  along  the  sides  of  the  abdominal 
aorta  between  the  superior  mesenteric  and  common  iliac  arteries;  to  this  group 
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belong  also  the  cuotid  sktina.  After  birth  the  chromaffin  organs  degenerate 
and  can  no  longer  be  isolated  by  gross  dissection,  but  chromaffin  tissue  can  be 
recognized  with  the  microscope  in  the  sites  originally  occupied  by  them. 

The  Baprareiul  Oluids. — Each  suprarenal  gland  consists  of  a  cortical  portion 
derived  from  the  ccelomic  epithelium  and  a  medullary  portion  originally  composed 
of  sympatho-chromaffin  tissue.    The  cortical  portion  is  first  recognizable  about 


:iUtd  layer  oj  retina 
Cavily  o//c 

Invagination  o]  „       ■      ,       ■ 

eetoderm  to  form  Margtn  o/  ojKw  cup 

len»  rudiment 


Tvoiu  layer  of  retina 
Ttic  veaitit 


Fio.  138. — Tr«n«v«r»e  «BCtioii  al  heiul  a(  ohick  embryo  of  foity-eight  houn"  incubstion.     (Dui»l.) 

the  beginning  of  the  fourth  week  as  a  series  of  buds  from  the  ccelomic  ceils  at  the  root 
of  the  mesentery.  Later  it  becomes  completely  separated  from  the  ccelomic 
epithelium  and  forms  a  suprarenal  ridge  projecting  into  the  coelom  between  the 
mesonephros  and  the  root  of  the  mesentery.  Into  this  cortical  portion  cells  from 
the  neighboring  masses  of  sympatho-chromaffin  tissue  migrate  along  the  line  of 
its  central  vein  to  reach  and  form  the  medullary-  portion  of  the  gland. 

The  Nose.— The  development  of 
ity  of  fore-brai.1      the   nose    has   abeady   been   con- 
sidered (pages  111,  112), 
The  olfactory  oerres  are  developed 
Pigmentfd  layer     from  the  cells  of  the  ectoderm  which 
of  retina  jj^^  ^^^  olfactory  plts;  these  cells 

p^^.  undergo  proliferation  and  give  rise 

""  to  what  are  termed  the  oUaetoir 

cellB  of  the  nose.    The  axons  of  the 
olfactory  cells  grow  into  the  over- 
^"w  lying  olfactory  bulb  and  form  the 

Nerxmui  layer  of     olfactory  nerves. 

ftitna  Yjig  jyg — rpjjg   gy^g    begin    to 

develop  as  a  pair  of  diverticula 
from  the  lateral  aspects  of  the  fore- 
Optic  audit  brain.  These  diverticula  make  their 

F.Q,  i37.-T™™v,™t  «,:tior,  of  h«»i  o(  chick  embrjo  of        appcarancc  bcfore  the  closure  of  the 
B(ty-tTo  hour.' innib.iion.   (Ouv»i )  antcrior  end  of  the  neural   tube; 

after  the  closure  of  the  tube  they  are 
known  as  the  optic  TSBicles.  They  project  toward  the  sides  of  the  head,  and  the 
peripheral  part  of  each  expands  to  form  a  hollow  bulb,  while  the  proximal  part 
remains  narrow  and  constitutes  the  optic  stalk  (Figs.  136,  137).  The  ectoderm 
overlying  the  bulb  becomes  thickened,  invaginated,  and  finally  severed  from  the 
ectcdcrmal  covering  of  the  head  as  a  vesicle  of  (ells,  the  leu  Tesicl*,  which  con- 
stitutes the  rudiment  of  the  crystalline  lens.  The  outer  wall  of  the  bulb  becomes 
thickened  and  invaginated,  and  the  bulb  is  thus  converted  into  a  cup,  the  optic  cap, 


DEVELOPMENT  OF  THE  NERVOUS  SYSTEM  AND  SENSE  ORGANS     135 

consisting  of  two  strata  of  cells  (Fig.  137).  These  two  strata  are  continuous  with 
each  other  at  the  cup  margin,  which  ultimately  overlaps  the  front  of  the  lens  and 
reaches  as  far  forward  as  the  future  aperture  of  the  pupil.  The  invagination  is  not 
limited  to  the  outer  wall  of  the  bulb,  but  involves  also  its  postero-inferior  surface 
and  extends  in  the  form  of  a  groove  for  some  distance  along  the  optic  stalk,  so  that, 
for  a  time,  a  gap  or  fissure,  the  choroidal  fissure,  exists  in  the  lower  part  of  the 
cup  (Fig.  138).  Through  the  groove  and  fissure  the  mesoderm  extends  into  the 
optic  stalk  and  cup,  and  in  this  mesoderm  a  bloodvessel  is  developed;  during  the 
seventh  week  the  groove  and  fissure  are  closed  and  the  vessel  forms  the  central 
artery  of  the  retina.  Sometimes  the  choroidal  fissure  persists,  and  when  this 
occurs  the  choroid  and  iris  in  the  region  of  the  fissure  remain  undeveloped,  giving 
rise  to  the  condition  known  as  coloboma  of  the  choroid  or  iris. 


}e  of  optic  cvp 

Tkaiamtiu^phaion 

Ghannd<djisaun 

Optic  tialk 

Arttria  centralis 


Fia.  138. — Opiie  eup  Bod  choroiilal  fioun  ann  from  bcJow.  from  s  bumu  embryo  ol  ibout  four  wnkL 
(KollmuD.) 

The  retina  is  developed  from  the  optic  cup.  The  outer  stratum  of  the  cup 
persists  as  a  single  layer  of  cells  which  assume  a  columnar  shape,  acquire  pigment, 
and  form  the  pigmented  layer  of  the  retina;  the  pigment  first  appears  in  the  cells 
near  the  edge  of  the  cup.  The  cells  of  the  inner  stratum  proliferate  and  form  a 
layer  of  considerable  thickness  from  which  the  nervous  elements  and  the  suaten- 
tacular  fibres  of  the  retina,  together  with  a  portion  of  the  vitreous  body,  are 
developed.  In  that  portion  of  the  cup  which  overlaps  the  lens  the  inner  stratum  is 
not  differentiated  into  nervous  elements,  but  forms  a  layer  of  columnar  cells  which 
is  applied  to  the  pigmented  layer,  and  these  two  strata  form  the  pars  cUUris  and 
pars  iridic  a  retinae. 

The  cells  of  the  inner  or  retinal  layer  of  the  optic  cup  become  differentiated  into  spongioblasts 
and  germinal  cells,  and  the  latter  by  thoir  subdivinione  give  rise  to  neuroblasts.  From  the  spongio- 
blasts  the  susteatacular  fibres  of  Mliller,  the  outer  and  inner  limiting  membranes,  together  with 
the  groundwork  of  the  molecular  layers  of  the  retina  are  formed.  The  neuroblasts  become 
arr&nged  to  form  the  ganglionic  and  nuclear  layers.  The  layer  of  rods  and  cones  is  first  developed 
in  the  cmtral  part  of  the  optic  cup,  and  from  there  gradually  cxtendn  toward  the  cup  margin. 
AU  the  layers  of  the  retina  are  completed  by  the  eighth  month  of  fetal  life. 

The  optic  stalk  is  converted  into  the  optic  nerre  by  the  obliteration  of  its  cavity 
and  the  growth  of  nerve  fibres  into  it.  Most  of  these  fibres  are  centripetal,  and 
grow  backward  into  the  optic  stalk  from  the  nerve  cells  of  the  retina,  but  a  few 
extend  in  the  opposite  direction  and  are  derived  from  nerve  cells  in  the  brain.  The 
fibres  of  the  optic  nerve  receive  their  medullary  sheaths  about  the  tenth  week  after 
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belong  also  the  carotid  skelna.  After  birth  the  chromaffin  organs  degenerate 
and  can  no  longer  be  isolated  by  gross  dissection,  but  chromaffin  tissue  can  be 
recognized  with  the  microscope  in  the  sites  originally  occupied  by  them. 

The  Saprarenal  Olands. — Each  suprarenal  gland  consists  of  a  cortical  portion 
derived  from  the  coelomic  epithelium  and  a  medullary  portion  originally  composed 
of  sympatho-chromaffin  tissue.    The  cortical  portion  is  first  recognizable  about 


InitagiiuUion  o) 
tctoderm  to  form  "/  "I««  «»P 


tyer  of  ntii%a 


Fio.  I3B.— TnnsverH  aectioD  at  b«d  of  oUok  embiyo  of  foily-eigbt  boun'  incubHiioD.     (Duval.) 

the  beginning  of  the  fourth  week  as  a  series  of  buds  from  the  ecelomic  cells  at  the  root 
of  the  mesentery.  Later  it  becomes  completely  separated  from  the  coelomic 
epithelium  and  forms  a  suprarenal  ridge  projecting  into  the  ccelom  between  the 
mesonephros  and  the  root  of  the  mesentery.  Into  this  cortical  portion  cells  from 
the  neighboring  masses  of  sympatho-chromaffin  tissue  migrate  along  the  line  of 
its  central  vein  to  reach  and  form  the  medullarj'  portion  of  the  gland. 

The  Nose.— The  development  of 
■brain     *^®  ""^   ^^  already  been  con- 
sidered (pages  111,  112). 
The  olfactory  nerves  are  developed 
I  iaijtr     from  the  cells  of  the  ectoderm  which 
"*  lines  the  olfactory  pits;  these  cells 

undergo  proliferation  and  give  rise 
to  what  are  tenned  the  oUactmr 
cells  of  the  nose.  The  axons  of  the 
olfactory  cells  gro*  into  the  over- 
'  lying  olfactory  bulb  and  form  the 

"J"  °!    olfactory  nerves. 

The  Eye. — ^The    eyes    begin    to 
develop   as   a   pair  of   diverticula 
from  the  lateral  aspects  of  the  fore- 
opiicjitaik  brain.  These  diverticula  make  their 

Fio.  137.— TruuveTM  «<;U™  of  heiui  of  chick  embryo  of        appearance  before  the  closure  of  the 
Bfty-two hour.' indub»iion.   (Duval)  anterior  end  of  the  neural  tube; 

after  the  closure  of  the  tube  they  are 
known  as  the  optic  vesicles.  They  project  toward  the  sides  of  the  head,  and  the 
peripheral  part  of  each  expands  to  form  a  hollow  bulb,  while  the  proximal  part 
remains  narrow  and  constitutes  the  optic  stalk  (Figs.  136,  137).  The  ectoderm 
overlying  the  bulb  becomes  thickened,  invaginatcd,  and  finally  severed  from  the 
ectcdcrmal  covering  of  the  head  as  a  vesicle  of  cells,  the  lens  vulde,  which  con- 
stitutes the  rudiment  of  the  erjstalline  lens.  The  outer  wall  of  the  bulb  becomes 
thickened  and  invaginated,  and  the  bulb  is  thus  converted  into  a  cup,  the  optic  cup, 
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consisting  of  two  strata  of  cells  (Fig.  137).  These  two  strata  are  continuous  with 
each  other  at  the  cup  mar^n,  which  ultimately  overlaps  the  front  of  the  lens  and 
teaches  as  far  forward  as  the  future  aperture  of  the  pupil.  The  invagination  is  not 
limited  to  the  outer  wall  of  the  bulb,  but  involves  also  its  postero-inferior  surface 
and  extends  in  the  form  of  a  groove  for  some  distance  along  the  optic  stalk,  so  that, 
for  a  time,  a  gap  or  fissure,  the  clioroidAl  flssare,  exists  in  the  lower  part  of  the 
cup  {Fig.  138).  Through  the  groove  and  fissure  the  mesoderm  extends  into  the 
optic  stalk  and  cup,  and  in  this  mesoderm  a  bloodvessel  is  developed;  during  the 
seventh  week  the  groove  and  fissure  are  closed  and  the  vessel  forms  the  central 
jirter/  of  the  retina.     Sometimes  the  choroidal  fissiire  persists,  and  when  this 

occurs  the  choroid  and  iris  in  the  region  of  the  fissure  remain  undeveloped,  giving 

rise  to  the  condition  known  as  coloboma  of  the  choroid  or  iris. 

te  of  optic  cap 


Optic  ttM 


The  r«tin&  is  developed  from  the  optic  cup.  The  outer  stratum  of  the  cup 
persists  as  a  single  layer  of  cells  which  assume  a  columnar  shape,  acquire  pigment, 
and  form  the  pigmented  layer  of  the  retina;  the  pigment  first  appears  in  the  cells 
near  the  edge  of  the  cup.  The  cells  of  the  inner  stratum  proliferate  and  form  a 
layer  of  considerable  thickness  from  which  the  nervous  elements  and  the  susten- 
tacular  fibres  of  the  retina,  together  with  a  portion  of  the  vitreous  body,  are 
developed.  In  that  portion  of  the  cup  which  overlaps  the  lens  the  inner  stratum  is 
not  differentiated  into  nervous  elements,  but  forms  a  layer  of  columnar  cells  which 
is  applied  to  the  pigmented  layer,  and  these  two  strata  form  the  pars  ciliaiu  and 
pan  iridica  n 


The  celle  of  the  inner  or  retinal  layer  of  the  optic  cup  become  difTerentiated  into  spongioblaats 
ud  genuiual  cells,  and  the  latter  by  their  Bubdiviiiiona  give  rise  to  neuroblsBts.  From  the  spongio- 
blula  the  susteatacular  fibres  of  MUller,  the  outer  and  inner  limiting  membranes,  together  with 
ihe  groundwork  of  the  molecular  layers  of  the  retina  are  formed.  The  neuroblasts  become 
uTsoged  to  form  the  ganglionic  and  nuclear  layers.  The  layer  of  rods  and  cones  is  first  developed 
in  the  central  part  of  the  optic  cup,  and  from  there  gradually  extends  toward  the  cup  ma^n. 
All  the  layers  of  the  retina  are  completed  by  the  eighth  month  of  fetal  life. 

The  optic  stalk  is  converted  into  the  optic  twrve  by  the  obliteration  of  its  cavity 
and  the  growth  of  nerve  fibres  into  it.  Most  of  these  fibres  are  centripetal,  and 
grow  backward  into  the  optic  stalk  from  the  nerve  cells  of  the  retina,  but  a  few 
extend  in  the  opposite  direction  and  are  derived  from  nerve  cells  in  the  brain.  The 
fibres  of  the  optic  nerve  receive  their  medullary  sheaths  about  the  tenth  week  after 
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birth.  The  optic  cbissma  is  formed  by  the  meeting  and  partial  decussation  of  the 
fibres  of  the  two  optic  nerves.  Behind  the  chiasma  the  fibres  grow  backward  as 
the  optic  tracts  to  the  thalami  and  mesencephalon. 

The  ciystalline  leu  is  developed  from  the  lens  vesicle,  which  recedes  within  the 
margin  of  the  cup,  and  becomes  separated  from  the  overlying  ectoderm  by  mes- 
oderm. The  cells  forming  the  posterior  wall  of  the  vesicle  lengthen  and  are  con- 
verted into  the  lens  fibres,  which  grow  forward  and  fill  up  the  cavity  of  the  vesicle 
(Fig.  139).  The  cells  forming  the  anterior  wall  retain  their  cellular  character,  and 
form  the  epithelium  on  the  anterior  surface  of  the  adult  lens.  By  the  second  month 
the  lens  is  invested  by  a  vascular  mesodermal  capsule,  the  eapaola  vasculosa  l«atis ; 
the  bloodvessels  supplying  the  posterior  part  of  this  capsule  are  derived  from  the 
hyaloid  artery;  those  for  the  anterior  part  from  the  anterior  ciliary  arteries;  the 
portion  of  the  capsule  which  covers  the  front  of  the  lens  is  named  the  pupillary 


Pan  eiliarU  and  jx 


membrane.  By  the  sixth  month  all  the  vessels  of  the  capsule  are  atrophied  except 
the  hyaloid  artery,  which  disappears  during  the  ninth  month;  the  piosition  of  this 
artery  b  indicated  in  the  adult  by  the  hyaloid  canal,  which  reaches  from  the  optic 
disk  to  the  posterior  surface  of  the  lens.  With  the  loss  of  its  bloodvessels  the  cap- 
sula  vasculosa  ientis  disappears,  but  sometimes  the  pupillary  membrane  persists 
at  birth,  giving  rise  to  the  condition  termed  congenital  atresia  of  the  pupil. 

The  Titreons  body  is  developed  between  the  lens  and  the  optic  cup.  The  lens 
rudiment  and  the  optic  vesicle  are  at  first  in  contact  with  each  other,  but  after  the 
closure  of  the  lens  vesicle  and  the  formation  of  the  optic  cup  the  former  withdraws 
itself  from  the  retinal  layer  of  the  cup;  the  two,  however,  remain  connected  by  a  net- 
work of  delicate  protoplasmic  processes.  This  network,  derived  partly  from  the  cells 
of  the  lens  and  partly  from  those  of  the  retinallayer  of  the  cup,  constitutes  the 
primitive  vitreous  body  (Figs.  140,  141).  At  first  these  protoplasmic  processes 
spring  from  the  whole  of  the  retinal  lajer  of  the  cup,  but  later  are  limited  to  the 
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ciliarj'  region,  where  by  a  process  of  condensation  they  appear  to  form  the  zonula 
cili&ris.  The  mesoderm  which  enters  the  cup  through  the  choroidal  fissure  and 
around  the  equator  of  the  lens  becomes  intimately  united  with  this  reticular  tissue, 
and  contributes  to  form  the  vitreous  body,  which  is  therefore  derived  partly  from 
the  ectoderm  and  partly  from  the  mesoderm. 

Pigmented     Mttodermal 

tat/fr  of         pari  of  Rudinuni 

Upper  eyelid        rrfi'na   vitnom  body       of  trltra 


Mesoderm  Eelodfnaat    Nervaaa  layer 

part  of  of  retina 

FiQ.  140.— Sagitui  aection  of  eye  of  humaa  embryo  of  m  ireeki.     (KollmaaD.) 

The  kotetior  chamb«i  of  the  eye  appears  as  a  cleft  in  the  mesoderm  separating 
the  lens  from  the  overlying  ectoderm.  The  layer  of  mesoderm  in  front  of  the  cleft 
forms  the  substantia  propria  of  the  cornea,  that  behind  the  cleft  the  stroma  of  the 
iris  and  the  pupillary  membrane.  The  fibres  of  the  ciliary  muscle  are  derived  from 
the  mesoderm,  but  those  of  the  Sphincter  and  Dilatator  pupillae  are  of  ectodermal 
origin,  being  developed  from  the  cells  of  the  pupillary  part  of  the  optic  cup. 

The  sclera  and  choroid  are  derived  from  the  mesoderm  surrounding  the  optic  cup. 

The  eyelids  are  formed  as  small  cutaneous  folds  (Figs.  139,  140),  which  about 
the  middle  of  the  third,  month  come  together  and  unite  in  front  of  the  cofnea. 
The>-  remain  united  until  about  the  end  of  the  sixth  month. 

lie  Ucrimal  ue  and  nuolMrimal  duct  result  from  a  thickening  of  the  ectoderm 
in  the  groove,  nuofiptic  furrows,  between  the  lateral  nasal  and  maxillary  processes. 
This  thickening  forms  a  solid  cord  of  cells  which  sinks  into  the  mesoderm;  during 
the  third  month  the  central  cells  of  the  cord  break  down,  and  a  lumen,  the  naso- 
lacrimal duct,  is  established.    The  lacrimal  ducts  arise  as  buds  from  the  upper  part 
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of  the  cord  of  cells  and  secondarily  establish  openings  ipuncta  lacrimalia)  on  the 
margins  of  the  lids.  The  ^i&elhun  of  the  cornea  and  conjunctiva,  and  that  which 
lines  the  ducts  and  atveoH  of  the  lacrimal  gland,  are  of  ectodermal  origin,  as  are 
also  the  ejeluhes  and  the  lining  cells  of  the  glands  which  open  on  the  lid-margins. 


The  Ear. — The  first  rudiment  of  the  internal  ear  appears  shortly  after  that  of 
the  eye,  in  the  form  of  a  patch  of  thickened  ectoderm,  the  anditorr  pUte,  over  the 
region  of  the  hind-brain.  The  auditory  piste  becomes  depressed  and  converted 
into  the  auditory  pit  (Fig.  142) .  The  mouth  of  the  pit  is  then  closed,  and  thus  a  shut 
sac,  the  auditory  Todeto,  is  formed  (Fig.  143) ;  from  it  the  epithelial  lining  of  the 

Canity  of  kind-braiu 


«□  Fia.  143.— Section  throuah  hiod  brti 

embryo,  about  twe' —    "" —     '"*    '~    '^-   — "'""  -'-*■- ■ — --'—'—  — l_-^_-_-  -j.- 

hiDd  btala.     (KoUi 

membranous  labyrinth  is  derived.  The  vesicle  becomes  pear-shaped,  and  the  neck 
of  the  flask  is  obliterated  (Fig.  144).  From  the  vesicle  certain  diverticula  are  given 
off  which  form  the  various  parts  of  the  membranous  labyrinth.  One  from  the 
middle  part  forms  the  ductus  and  saccus  endolymphaticus,  another  from  the 
anterior  end  gradually  elongates,  and,  forming  a  tube  coiled  on  itself,  becomes  the 
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cochlear  duct,  the  vestibular  extremity  of  which  is  subsequently  constricted  to  form 
the  canaiis  reimiens.  Three  others  appear  as  disk-like  evaginations  on  the  surface 
of  the  vesicle;  the  central  parts  of  the  walls  of  the  disks  coalesce  and  disappear, 
while  the  peripheral  portions  persist  to  form  the  semicircular  ducts;  of  these  the 


Andilory  Boide 
Daetut  .     ' 
hfiitphatieita 


Rudiment  of  tocMear  duel 
Fl4.  144, — Left  buditDiy  veaick  i>f  a  bunun  FlQ-  145. — L«fl  HUdJUiry  vesicle  oE  a  huDJUl  embryo  ef  Gv« 

tiDbrro  of   lour    weslu.   tna  Iroin    tbe   outer  -nttVa,  soea  from  Che  outer  surfue.    (W.  Hie.  Jr.} 

nifao.    (W.  Hia,  Jr.) 

superior  is  the  first  and  the  lateral  the  last  to  be  completed  (Figs.  145,  146).  The 
central  part  of  the  vesicle  represents  the  membranous  vestibule,  and  b  subdivided 
by  a  constriction  into  a  smtdler  ventral  part,  the  saccule,  and  a  larger  dorsal  and 
posterior  part,  the  utricle.    This  subdivision  is  effected  by  a  fold  which  extends 


rxiehleaTU 


Fig.  lie. — TrmimenE  seclioD  th couch  head  of  fetal  abeep.  in  the  r««ioii  of  the  labyrinth ,     X  30.    (After  Boettcher.) 

deeply  into  the  proximal  part  of  the  ductus  endolymphaticus,  with  the  result  that 
the  utricle  and  saccule  ultimately  communicate  with  each  other  by  means  of  a 
Y-shaped  canal.  Tlie  saccule  opens  into  the  cochlear  duct,  through  the  canatis 
reuniens,  and  the  semicircular  ducts  communicate  with  the  utricle  (Fig.  147). 
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The  mesodermal  tissue  surrounding  the  various  parts  of  the  epithelial  labyrinth 
is  converted  into  a  cartilaginous  ear-capsule,  and  this  is  finally  ossified  to  form  the 
bony  labyrinth.  Between  the  cartilaginous  capsule  and  the  epithelial  structures 
is  a  stratum  of  mesodermal  tissue  which  is  differentiated  into  three  layers,  viz.. 


Flo.  147.— Lett  membrsooiu  litbyriiitb  of  n  humui  embryo  of  30  mm,     (iVom  model  by  W.  His,  Jr.) 

an  outer,  forming  the  periosteal  lining  of  the  bony  labyrinth;  an  inner,  in  direct 
contact  with  the  epithelial  structures;  and  an  intermediate,  consisting  of  gelatinous 
tissue:  by  the  absorption  of  this  latter  tissue  the  perilymphatic  spaces  are  developed. 
The  modiolus  and  osseous  spiral  lamina  of  the  cochlea  are  not  preformed  in  cartil- 
age but  are  ossified  directly  from  connective  tis.sue. 


(After  BoetUher  uid  Aym 


The  middle  ear  and  auditory  tube  are  developed  from  the  first  pharyngeal  pouch. 
The  entodermal  lining  of  the  dorsal  end  of  this  pouch  is  in  contact  with  the  ecto- 
derm of  the  corresponding  pharyngeal  groove;  by  the  extension  of  the  mesoderm 
between  these  two  layers  the  tympanic  membrane  is  formed.    During  the  sixth  or 
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seventh  month  the  tympanic  antrum  appears  as  an  upward  and  backward  expan- 
sion of  the  tympanic  cavity.  With  regard  to  the  exact  mode  of  development  of 
the  ossicles  of  the  middle  ear  there  is  some  difference  of  opinion.  The  view  generally 
held  is  that  the  incus  and  malleos  are  developed  from  the  proximal  end  of  the 
mandibular  (Meckel's)  cartilage  (Fig.  105)  and  that  the  stapes  is  formed  from  the 
proximal  end  of  the  second  arch.  The  malleus,  with  the  exception  of  its  anterior 
process,  is  ossified  from  a  single  centre  which  appears  near  the  neck  of  the  bone; 
the  anterior  process  is  ossified  separately  in  membrane  and  joins  the  main  part 
of  the  bone  about  the  sixth  month  of  fetal  life.  The  incus  is  ossified  from  one  centre 
which  appears  in  the  upper  part  of  its  long  crus  and  ultimately  extends  into  its 
lenticular  process.  The  stapes  first  appears  as  a  ring  (annvtiis  stapedius)  encircling 
a  small  vessel,  the  stapedial  artery,  which  subsequently  undeigoes  atrophy;  it  is 
ossified  from  a  single  centre  which  appears  in  its  base. 

The  eztemal  acoustic  meatus  is  developed  from  the  first  branchial  groove.    The 
lower  part  of  this  groove  extends  inward  as  a  funnel-shaped  tube  (primary  meatus) 
from  which  the  cartilaginous  portion  and  a  small  part  of  the  roof  of  the  osseous 
portion  of  the  meatus  are  developed.    From  the  lower  part  of  the  funnel-shaped 
tube    an  epithelial  lamina  extends  downward 
and   inward  along   the   inferior  wall  of  the 
primitive  tympanic  cavity;  by  the  splitting  of 
this  lamina  the  inner  part  of  the  meatus  (sec- 

ondarj-  meatus)  is  produced,  while  the  inner  1 

portion  of  the  lamina  forms  the  cutaneous 
stratum  of  the  tympanic  membrane.  The 
uirical*  or  innna  is  developed  by  the  gradual 
differentiation  of  six  tubercles  (Fig.  149)  which 
appear  around  the  margin  of  the  first  branchial 
groove.  Two  tubercles  appear  on  the  posterior 
edge  of  the  mandibular  arch;  these  represent 

the  rudiments  of  the  tragus  and  crus  helicis.  "* 

Three  are  found  on  the  h.\'oid  arch,  and  indi- 
cate, from  below  upward,  the  lobule,  antitragus, 
and  antihelix.     One  arises  above  the  groove,        „  ^ ,   ,.„ 

,  ,  1     1      I   •      1     .1  ■■  Fio.  14B.— Tub«rcleslroniKhichthedlflen-nl 

and  grows  downward  behmd  the  antitragus  paru  or  the  auricuii  sre  devei(^>ed.  (His.) 
and  antihelix;  from  it  and  its  downward  pro-  cie  above  cMt.  3.  c.  PcoionEBtion  oi  3  down- 
longation  the  upper  part  of  the  helix  and  the  A^ioo-™iciJ'"^"'"  '"'  ''"''''  "'"'■  ""' 
cauda  helicis  are  developed  (Figs.  15(1,  151). 

Some  observers,  however,  maintain  that  the  lowest  tubercle  on  the  hyoid  arch 
becomes  the  antitragus,  and  that  the  lobule  is  developed  later  as  an  independent 
formation.  The  rudiment  of  the  acoostic  nerve  appears  about  the  end  of  the  third 
week  as  a  group  of  ganglion  cells  closely  applied  to  the  cephalic  edge  of  the  audi- 
torj-  vesicle.  Whether  these  cells  are  derived  from  the  ectoderm  adjoining  the 
auditor^-  vesicle,  or  have  migrated  from  the  wall  of  the  neural  tube,  is  as  yet  un- 
certain. Each  cell  gives  off  a  proximal  fibre  which  passes  into  the  neural  tube, 
and  a  distal  which  is  distributed  to  the  epithelial  cells  of  the  auditor;-  vesicle. 

OEVZLOPHENT   OF   THE   TASCDLAB   SYSTEM 

Bloodvessels  first  make  their  appearance  in  several  scattered  vascular  areoJt 
(Fig.  152)  which  are  developed  simultaneously  between  the  entoderm  and  the  meso- 
derm of  the  yolk-sac,  i.  e.,  outside  the  body  of  the  embryo.'    Here  the  cells  become 
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arranged  into  solid  strands  or  cords  which  join  to  form  a  close-meshed  network,  the 
vea  Tasenlosa,  which  covers  the  whole  yolk-sac.    The  peripheral  cells  of  these 


Flo.  150.— Left  ■! 


MandOU       ^^""^ 
irty-Gve  and  Uuity-eicht  days  nqwctivsly. 


strands  hecome  flattened  and  joined  to  each  other  by  their  edges  to  form  the  endo- 
thelium of  the  walls  of  the  primitive  bloodvessels.    Fluid  collects  within  the  strands 
and   converts   them    into    tubes,   and    the   more 
^^'''  centrally  situated  cells  of  the  cell-cords  are  thus 

pushed  to  the  sides  of  the  vessels  and  appear  as 
masses  of  loosely  arranged  cells  projecting  toward 
the  lumen  of  the  tube.    These  masses  are  termed 
tlix        blood  Islands  (Fig.  153);  their  cells  are  detached 
hdicit     ^'^  form  the  blood  corpuscles.    The  earliest  blood- 
vessels, therefore,  are  formed  at  several  separate 
jjtH       centres;  from  the  walls  of  these  vessels  buds  grow 
out,  become  vascularized  and  converted  into  new 
vessels,  and  join  with  those  of  neighboring  areas 
to  form  a  close  meshwork.    It  is  uncertain  whether 
V    ■■      the  vessels  within  the  body  of  the  embryo  are  ex- 
Fia.  161.— Auriouli Vn  a  more  wivsnced    tensions  from  this  nctwork  (His)  or  whether  they 
IIXi°i  FS^iiS™"*  '^"'  """  '^™'    »f«   of  new   formation.     Most  observers   agree, 
however,  that,  after  the  aortie  have  appeared, 
no  other  independent  vessels  are  laid  down,  i.  e.,  all  new  vessels  are  derived  from 
preexisting  ones. 

Mttodena  Blood  Uland 

Heeodfrm 


Taecidar  cetli         Entoderm 
'. — Section  throufffa  vuculi 


lf  ctlb.     DiAcrttuimatic 


The  red  and  the  colorless  corpuscles  of  the  blood  are  all  derived  from  the  nucleated 
cells  of  the  blood  islands— mesamaboid  cells  of  Minot — and  the  earliest  blood 
corpuscles  are  thus  all  nucleated;  they  are  also  capable  of  subdivision  and  of 


|b  (be  Tasion  o/  ths  hurt  in 
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executing  amceboid  movements.  Some  of  these  cells  acquire  coloring  matter 
ihemoglMn) ;  their  nuclei  disintegrate  and  are  expelled  and  the  non-nucleated  red 
corpuscles  result.  Other  mesam-  * 

oeboid  cells  retain  their  nuclei; 
some  remain  in  the  blood  as 
the  leucocj'tes;  others  wander 
out  into  the  tissues,  particularly  « 

into  the  liver,  l>-mphoid  tissues, 

utd  marrow  of  the  bones,  where         ("t  ,^ 

they  form  specialized  masses 
from  which   the  corpuscles  of 

thebloodareregenerated.  From  li  y 

the  mesamoeboid  cells  five  chief 
forms  are  derived:  (1)  erythro- 
cjTes,  (2)  lymphocytes,  (3)  finely 
granular  or  neutrophil  leuco- 
cytes, (4)  coarsely  granular  or 
eosinophil  leucocytes,  (5)  degen- 
erating or  basipbil  leucocytes. 

The  first  rudiment  of  the  heart 
appears  as  a  pair  of  tubular 
vesseb  which  are  developed  in 
the  splanchnopleure  of  the  peri- 
cardial area  (Fig.  154).  These 
are  named  the  primitiTe  aorte, 
and  a  direct  continuity  is  soon 
established  between  them  and 
the  vessels  of  the  yolk-sac.  Each 
receives  anteriorly  a  vein — the 
TitelUne  wn — from  the  yolk-sac, 
and  is  prolonged  backward  on 
the  lateral  aspect  of  the  noto- 
chord  under  the  name  of  the 
donal  Mwta.  The  dorsal  aortte 
give  branches  to  the  yolk-sac, 
and  are  continued  backward 
through  the  body-stalk  as  the 
umbilical  arteries  to  the  villi  of 
the  chorion. 

Etemod'  describes  the  circu- 
lation in  an  embryo  which  he 
estimated  to  be  about  thirteen 
daj-s  old  (Fig.  155).  The  rudi- 
ment of  the  heart  is  situated 
immediately  below  the  fore-gut 
and  consists  of  a  short  stem.  It 
gives  off  two  vessels,  the  primi- 
tive aortie,  which  run  backward, 
one  on  either  side  of  the  noto- 
cbord,  and  then  pass  into  the 
fwdy-stalk  along  which  they  are  carried  to  the  chorion.  From  the  chorionic  villi 
the  blood  is  returned  by  a  pair  of  umbilical  veins  which  unite  in  the  body-stalk 


Mond  wsek,  (Aftsr  Eteraod.)  The  red  line*  va  ttw  doiul 
DDtinued  into  tbe  imibiLical  ■rteriea.  Tbe  nd  dotted  lioea 
vgntnl  boiIib.  mid  the  blue  dotted  Uom  the  viteUine  vein*. 
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to  form  a  single  vessel  and  subsequently  encircle  the  mouth  of  the  yolk-sac  and 
open  into  the  heart.  At  the  junction  of  the  yolk-sac  and  body-stalk  each  vein 
is  joined  by  a  branch  from  the  vascular  plexus  of  the  yolk-sac.  From  his 
observations  it  seems  that,  in  the  human  embryo,  the  chorionic  circulation  is 
established  before  that  on  the  yolk-sac. 


Dorsal  aorU 
'rimiiive  jugvlai 

Cardinal  i.-ein 


Body-glalk 


Chorionic  villi 
Fia.  ISO.— Human  embryo  of  about  fou 


By  the  forward  growth  and  flexure  of  the  head  the  pericardial  area  and  the 
anterior  portions  of  the  primitive  aort*e  are  folded  backward  on  the  ventral  aspect 
of  the  fore-gut,  and  the  original  relation  of  the  somatopleure  and  splanchnopleure 


layers  of  the  pericardial  area  is  re\'ersed.    Each  primitive  aorta  now  consists  of 

a  ventral  and  a  dorsal  part  connected  anteriorly  by  an  arch  {Fig.  156);  these  three 

■  parts  are  named  respective!;'  the  anterior  ventral  aorta,  the  dorsal  aorta,  and  the 

first  cephalic   arch.     The  vitelline  veins  which  enter  the  embryo  through  the 


DEVELOPMENT  OF  THE  VASCULAR  SYSTEM  145 

anterior  wall  of  the  umbilical  orifice  are  now  continuous  with  the  posterior  ends  of 
the  anterior  ventral  aorta.  With  the  formation  of  the  tail-fold  the  posterior  parts 
of  the  primitive  aortse  are  carried  forward  in  a  ventral  direction  to  form  the  pos- 
terior ventral  aortse  and  primary  caudal  arches.^  In  the  pericardial  region  the  two 
primitive  aortse  grow  together,  and  fuse  to  form  a  single  tubular  heart  (Fig.  157), 
the  posterior  end  of  which  receives  the  two  vitelline  veins,  while  from  its  anterior 
end  the  two  anterior  ventral  aortae  emerge.*  The  first  cephalic  arches  pass  through 
the  mandibular  arches,  and  behind  them  five  additional  pairs  subsequently  develop, 
so  that  altogether  six  pairs  of  aortic  arches  are  formed;  the  fifth  arches  are  very 
transitory  vessels  connecting  the  ventral  aortse  with  the  dorsal  ends  of  the  sixth 
arches.  By  the  rhythmical  contraction  of  the  tubular  heart  the  blood  is  forced 
through  the  aortse  and  bloodvessels  of  the  vascular  area,  from  which  it  is  returned 
to  the  heart  by  the  vitelline  veins.  This  constitutes  the  Yitellme  circulation  (Fig. 
156),  and  by  means  of  it  nutriment  is  absorbed  from  the  yolk  vitellus. 

The  vitelline  veins  at  first  open  separately  into  the  posterior  end  of  the  tubular 
heart,  but  after  a  time  their  terminal  portions  fuse  to  form  a  single  vessel.  The 
ntelline  veins  ultimately  drain  the  blood  from  the  digestive  tube,  and  are  modified 
to  form  the  portal  vein.  This  is  caused  by  the  growth  of  the  liver,  which  interrupts 
their  direct  continuity  with  the  heart;  and  the  blood  returned  by  them  circulates 
through  the  liver  before  reaching  the  heart. 

With  the  atrophy  of  the  yolk-sac  the  vitelline  circulation  diminishes  and  ulti- 
mately ceases,  while  an  increasing  amount  of  blood  is  carried  through  the  umbilical 
arteries  to  the  villi  of  the  chorion.  Subsequently,  as  the  non-placental  chorionic 
villi  atrophy,  their  vessels  disappear;  and  then  the  umbilical  arteries  convey  the 
whole  of  their  contents  to  the  placenta,  whence  it  is  returned  to  the  heart  by  the 
umbilical  veins.  In  this  manner  the  placental  circulation  is  established,  and  by 
means  of  it  nutritive  materials  are  absorbed  from,  and  waste  products  given  up  to, 
the  maternal  blood. 

The  umbilical  veins,  like  the  vitelline,  undergo  interruption  in  the  developing 
liver,  and  the  blood  returned  by  them  passes  through  this  organ  before  reaching 
the  heart.  Ultimately  the  right  umbilical  vein  shrivels  up  and  disappears,  as  will 
be  explained  later  (page  156). 

During  the  occurrence  of  these  changes  great  alterations  take  place  in  the 
primitive  heart  and  bloodvessels. 

Further  Development  of  the  Heart. — Between  the  endothelial  lining  and  the 
outer  wall  of  the  heart  there  exists  for  a  time  an  intricate  trabecular  network  of 
mesodermal  tissue  from  which,  at  a  later  stage,  the  musculi  papillares,  chordae 
tendineae,  and  trabeculae  carneae  are  developed.  The  simple  tubular  heart,  already 
described,  becomes  elongated  and  bent  on  itself  so  as  to  form  an  S-shaped  loop, 
the  anterior  part  bending  to  the  right  and  the  posterior  part  to  the  left  (Fig.  157). 
The  intermediate  portion  arches  transversely  from  left  to  right,  and  then  turns 
sharply  forward  into  the  anterior  part  of  the  loop.  Slight  constrictions  make  their 
appearance  in  the  tube  and  divide  it  from  behind  forward  into  five  parts,  viz.: 
(1)  the  sinus  vexiOBiis;  (2)  the  primitive  atrium;  (3)  the  primitive  ventricle;  (4)  the 
bolbus  cordis,  and  (5)  the  tnmcus  arteriosus  (Figs.  158,  159).  The  constriction 
between  the  atrium  and  ventricle  constitutes  the  atrial  canal,  and  indicates  the  site 
of  the  future  atrioventricular  valves. 

The  sinus  venosos  is  at  first  situated  in  the  septum  transversum  (a  layer  of 
mesoderm  in  which  the  liver  and  the  central  tendon  of  the  Diaphragma  are  devel- 
oped) behind  the  primitive  atrium,  and  is  formed  by  the  union  of  the  vitelline 
veins.  The  veins  or  ducts  of  Cuvier  from  the  body  of  the  embryo  and  the  umbilical 
veins  from  the  placenta  subsequently  open  into  it  (Fig.  160).    The  sinus  is  at  first 

*  YouDs  and  Robinson,  Journal  of  Anatomy  and  Physiology,  vol.  xxxii. 

*  In  moet  fishes  and  in  the  amphibia  the  heart  originates  as  a  single  median  tube. 
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place  transversely,  and  opens  by  a  median  aperture  into  the  primitive  atrium. 
Soon,  however,  it  assumes  an  oblique  position,  and  becomes  crescentic  in  form ;  its 
right  half  or  horn  increases  more  rapidly  thau  the  left,  and  the  o[>ening  into  the 
atrium  now  communicates  with  the  right  portion  of  the  atrial  cavity.  The  right 
horn  and  transverse  portion  of  the  sinus  ultimately  become  incorporated  with  and 
form  a  part  of  the  adult  right  atrium,  the  line  of  union  between  it  and  the  auricula 


Fm.  158.— Dinamin  lo  illustrate  the  limple  tubul»r  Fia.  ISO,— Heart  of  hunmn  embryo  ot  ■ 

eonditioQ  ol  the  bnrt.    <DravD    from   Ecker-Ziftler  dkys.     (From  modsl  by  Hii. 

being  indicated  in  the  interior  of  the  atrium  by  a  vertical  crest,  the  crista 
ol  His.  The  left  horn,  which  ultimately  receives  only  the  left  duct  of  Cuvier, 
persists  as  the  coronary  sinus  (Fig.  161).  The  vitelline  and  umbilical  veins  are  soon 
replaced  by  a  single  vessel,  the  inferior  rena  cava,  and  the  three  veins  (inferior  vena 
cava  and  right  and  left  Cuvierian  ducts)  open  into  the  dorsal  aspect  of  the  atrium 
by  a  common  slit-like  aperture  (Fig.  162).  The  upper  part  of  this  aperture  repre- 
sents the  opening  of  the  permanent  superior  vena  cava,  the  lower  that  of  the  inferior 
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Fto.  160.— Heart  of  humao  embryo  ot  nbout  fifteen  dsy»,     (Recomti 


vena  cava,  and  the  intermediate  part  the  orifice  of  the  coronarj'  sinus.  The  slit- 
like aperture  lies  obliquely,  and  is  guarded  by  two  halves,  the  right  and  left  venous 
valves;  above  the  opening  these  unite  with  each  other  and  are  continuous  with  a 
fold  named  the  septum  spurium;  below  the  opening  they  fuse  to  form  a  triangular 
thickening — the  spina  vestibuli.  The  right  venous  valve  is  retained;  a  small 
septum,  the  sinus  septum,  grows  from  the  posterior  wall  of  the  sinus  venosus  to  fuse 
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with  the  valve  and  divide  it  into  two  parts — an  upper,  the  valve  of  the  inferior 
vena  cava,  and  a  lower,  the  valve  of  the  coronary  sinus  (Fig.  165).    The  extreme 
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upper  portion  of  the  right  venous  valve,  together  with  the  septum  spurium,  form 
the  crista  terminaiis  already  mentioned.    The  upper  and  middle  thirds  of  the  left 
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venous  valve  disappear;  the  lower  third  is  continued  into  the  spina  vestibuH, 
and  later  fuses  with  the  septum  secundum  of  the  atria  and  t^kes  part  In  the  forma- 
tion of  the  limbus  fossae  ovalis. 


Sight  atrium 

B«U»a  cordia  up  atrium 

Atrial  canal 


Via.  163,— Howt  shawioi  eipsnvoa  of  the  atria.     (Dravu  from  Eoker-Zei^sr  model) 

The  atrial  canal  is  at  first  a  short  straight  tube  connecting  the  atrial  with  the 
ventricular  portion  of  the  heart,  but  its  growth  is  relatively  slow,  and  it  becomes 
overlapped  by  the  atria  and  ventricles  so  that  its  position  on  the  surface  of  the  heart 
is  indicated  only  by  an  annular  constriction  (Pig.  163).  Its  lumen  is  reduced  to  a 
transverse  slit,  and  two  thickenings  appear,  one  on  its  dorsal  and  another  on  its 

Setttim  leeundum 


Fia.  164.— Intfrior  of  dorgsl  hall  ol  b«rt  ol  bumao  embrya  of  about  thirty'fivc  daya.     (From  model  by  His.) 

ventral  wall.  These  thickenings,  or  mdocardUl  cashi<nu  (Fig.  162)  as  they  are 
termed,  project  into  the  canal,  and,  meeting  in  the  middle  line,  unite  to  form  the 
septum  intermedinm  which  divides  the  canal  into  two  channels,  the  future  right  and 
left  atrioventricular  orifices. 
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The  primitive  fttrism  grows  rapidly  and  partially  encircles  the  bulbus  cordis; 
the  groove  against  which  the  bulbus  cordis  lies  is  the  first  indication  of  a  division 
into  right  and  left  atria.  The  cavity  of  the  primitive  atrium  becomes  subdivided 
into  right  and  left  chambers  by  a  septum,  ^e  septom  primnm  (Fig.  162),  which 
grows  downward  into  the  cavity.  For  a  time  the  atria  communicates  with  each 
other  by  an  opening,  the  ostimn  primnm  of  Bom,  below  the  free  margin  of  the  septum. 
This  opening  is  closed  by  the  union  of  the  septum  primum  with  the  septum  inter- 
medium, and  the  communication  between  the  atria  is  reestablished  through  an 
opening  which  is  developed  in  the  upper  part  of  the  septum  primum;  this  opening 
is  known  as  the  foramen  ovale  {ostium  secundum  of  Bom)  and  persists  until  birth. 
A  second  septum,  the  septum  secondnm  (Figs.  164,  165),  semilunar  in  shape,  grows 
downward  from  the  upper  wall  of  the  atrium  immediately  to  the  right  of  the 
primary'  septum  and  foramen  ovale.  Shortly  after  birth  it  fuses  with  the  primary 
septum,  and  by  this  means  the  foramen  ovale  is  closed,  but  sometimes  the  fusion 
is  incomplete  and  the  upper  part  of  the  foramen  remains  patent.    The  limbus  fossae 
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Fid.  leS.-^Siuiis  hwrt  tu  in  Pia,  164.  opeoed  o*  risht  side.     (From  model  by  Hia.) 

ovalis  denotes  the  free  margin  of  the  septum  secundum.  Issuing  from  each  lung 
is  a  pair  of  pulmonary  veins;  each  pair  unites  to  form  a  single  vessel,  and  these  in 
turn  join  in  a  common  trunk  which  opens  into  the  left  atrium.  Subsequently 
the  cotnmon  trunk  and  the  two  vessels  forming  it  expand  and  form  the  vestibule 
or  greater  part  of  the  atrium,  the  expansion  reaching  as  far  as  the  openings  of  the 
four  vessels,  so  that  in  the  adult  all  four  veins  open  separately  into  the  left  atrium. 

The  primitiTe  ventricle  becomes  divided  by  a  septum,  the  septom  inferins  or 
Tentricnlar  septum  (Figs.  162,  164,  165),  which  grows  upward  from  the  lower  part 
of  the  ventricle,  its  position  being  indicated  on  the  surface  of  the  heart  by  a  furrow. 
Its  dorsal  part  increases  more  rapidly  than  its  ventral  portion,  and  fuses  with  the 
dorsal  part  of  the  septum  intermedium.  For  a  time  an  interventricular  foramen 
exists  above  its  ventral  portion  (Fig.  165),  but  this  foramen  is  ultimately  closed  by 
the  fusion  of  the  aortic  septum  with  the  ventricular  septum. 

When  the  heart  assumes  its  S-shaped  form  the  bnlbus  cordis  lies  ventral  to  and 
in  front  of  the  primitive  ventricle.  The  adjacent  walls  of  the  bulbus  cordis  and 
ventricle  approximate,  fuse,  and  finally  disappear,  and  the  bulbus  cordis  now 
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communicates  freely  with  the  right  ventricle,  while  the  junction  of  the  bulbus  with 
the  truncus  arteriosus  is  brought  directly  ventral  to  and  applied  to  the  atrial  canal. 


Fto.  lee.— Di 


By  the  upgrowth  of  the  ventricular  septum  the  bulbus  cordis  is  in  great  measure 
separated  from  the  left  ventricle,  but  remains  an  integral  part  of  the  right  ventricle, 
of  which  it  forms  the  infundibulum  (Fig.  166). 
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The  tnmcna  arteriosus  and  bulbus  cordis  are  divided  by  the  aortic  septum  (Fig. 
167).     This  makes  its  appearance  in  three  portions,     (1)  Two  distal  ridge-like 


thickenings  project  into  the  lumen  of  the  tube;  these  increase  in  size,  and  ultimately 
meet  and  fuse  to  form  a  septum,  which  takes  a  spiral  course  toward  the  proximal 
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end  of  the  truncus  arteriosus.  It  divides  the  distal  part  of  the  tnincus  into  two 
vessels,  the  aorta  and  pulmonary  artery,  which  lie  side  by  side  above,  but  near 
the  heart  the  pulmonary  artery  is  in  front  of  the  aorta.  (2)  Four  endocardial 
cushions  appear  in  the  proximal  part  of  the  truncus  arteriosus  in  the  region  of  .the 
future  semilunar  valves;  the  manner  in  which  these  are  related  to  the  aortic  septum 
is  described  below.  (3)  Two  endocardial  thickenings— anterior  and  posterior — 
develop  in  the  bulbus  cordis  and  unite  to  form  a  short  septum;  this  joins  above  with 
the  aortic  septum  and  below  with  the  ventricular  septum.  The  septum  grows  down 
into  the  ventricle  as  an  oblique  partition,  which  ultimately  blends  with  the  ven- 
tricular septum  in  such  a  way  as  to  bring  the  bulbus  cordis  into  communication 
with  the  pulmonarj-  artery,  and  through  the  latter  with  the  sixth  pair  of  aortic 
arches;  while  the  left  ventricle  is  brought  into  continuity  with  the  aorta,  which 
communicates  with  the  remaining  aortic  arches. 

Second  aortic  arth        Firtt  aortit  arch 


Frimitiet  j 

Fourth  a< 

SizfA  oorfi 

Doraal 


Fio.   lOB. — Profile  Tiew  of  a  humiD  embiyo  tstimsled  st  Cnenty  or  tweDly-oao  dayg  old.     (Aftgc  Hia.) 

The  Valres  of  tlie  Heart. — The  atrioventricular  valves  are  developed  in  relation  to 
the  atrial  canal-  By  the  upward  expansion  of  the  bases  of  the  ventricles  the  canal 
becomes  invaginated  into  the  ventricular  cavities.  The  invaginated  margin  forms 
the  rudiments  of  the  lateral  cusps  of  the  atrioventricular  valves;  the  mesial  or 
septal  cusps  of  the  valves  are  developed  as  downward  prolongations  of  the  septum 
intermedium  (Fig-  164)-  The  aortic  and  pulmonary  semilunar  valves  are  formed 
fr(Hn  four  endocardial  thickenings — an  anterior,  a  posterior,  and  two  lateral — 
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which  appear  at  the  proximal  end  of  the  truncus  arteriosus.  As  the  aortic  septum 
grows  downward  it  divides  each  of  the  lateral  thickenings  into  two,  thus  giving 
rise  to  six  thickenings — the  rudiments  of  the  semilunar  valves — three  at  the  aortic 
and  three  at  the  pulmonary  orifice  (Fig.  168). 

Further  Development  of  the  Arteries. — Recent  observations  show  that  practi- 
cally none  of  the  main  vessels  of  the  adult  arise  as  such  in  the  embryo.  In  the  site 
of  each  vessel  a  capillary  network  forms,  and  by  the  enlargement  of  definite  paths 
in  this  the  larger  arteries  and  veins  are  developed.  The  branches  of  the  main 
arteries  are  not  always  simple  modifications  of  the  vessels  of  the  capillary  network, 
but  may  arise  as  new  outgrowths  from  the  enlarged  stem. 
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Fig.  170. — Scheme  of  the  aortic  arches  and  their  destination.     (Modified  from  Kollmann.) 


It  has  been  seen  (page  145)  that  each  primitive  aorta  consists  of  a  ventral  and 
a  dorsal  part  which  are  continuous  through  the  first  aortic  arch.  The  dorsal  aortse 
at  first  run  backward  separately  on  either  side  of  the  notochord,  but  about  the 
third  week  they  fuse  from  about  the  level  of  the  fourth  thoracic  to  that  of  the  fourth 
lumbar  segment  to  form  a  single  trunk,  the  descending  aorta.  The  first  aortic 
arches  run  through  the  mandibular  arches,  and  behind  them  five  additional  pairs 
are  developed  within  the  visceral  arches;  so  that,  in  all,  six  pairs  of  aortic  arches 
are  formed  (Figs.  169,  170).  The  first  and  second  arches  pass  between  the  ventral 
and  dorsal  aortie,  while  the  others  arise  at  first  by  a  common  trunk  from  the  truncus 
arteriosus,  but  end  separately  in  the  dorsal  aortee.  As  the  neck  elongates,  the 
ventral  aortae  are  drawn  out,  and  the  third  and  fourth  arches  arise  directly  from 
these  vessels. 

In  fishes  these  arches  persist  and  give  off  branches  to  the  gills,  in  which  the 
blood  is  oxygenated.  In  mammals  some  of  them  remain  as  permanent  structures, 
while  others  disappear  or  become  obliterated  (Fig.  170). 

The  Anterior  Ventral  Aort». — ^These  persist  on  both  sides.  The  right  forms  (a) 
the  innominate  artery,  (6)  the.  right  common  and  external  carotid  arteries.  The 
left  gives  rise  to  (a)  the  short  portion  of  the  aortic  arch,  which  reaches  from  the 
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origin  of  the  innominate  artery  to  that  of  tlie  left  common  carotid  artery;  (6)  the 
left  common  and  external  carotid  arteries,      . 

The  Aortic  Archss. — The  first  and  second  arches  disappear  early,  but  the  dorsal 
end  of  the  second  gives  origin  to  the  stapedial  artery  (Fig.  171),  a  vessel  which 
atrophies  in  mai^  but  persists  in  some  mammals.  It  passes  through  the  ring  of  the 
stapes  and  divides  into  supraorbital,  infraorbital,  and  mandibular  branches  which 
follow  the  three  divisions  of  the  trigeminal  nerve.  The  infraorbital  and  man- 
dibular arise  from  a  common  stem,  the  terminal  part  of  which  anastomoses  with 
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tlie  external  carotid.  On  the  obliteration  of  the  stapedial  artery  this  anastomosis 
enlarges  and  forms  the  internal  maxillary  artery,  and  the  branches  of  the  stapedial 
artery-  are  now  branches  of  this  vessel.  The  common  stem  of  the  infraorbital  and 
mandibular  branches  passes  between  the  two  roots  of  the  auriculotemporal  nerve 
aad  becomes  the  middle  meningeal  artery;  the  original  supraorbital  branch  of  the 
stapedial  is  represented  by  the  orbital  twigs  of  the  middle  meningeal.  The  third 
aortic  arch  constitutes  the  commencement  of  the  internal  carotid  artery,  and  is 
therefore  named  the  carotid  arch.  The  fourth  right  arch  forms  the  right  sub- 
clavian as  far  as  the  origin  of  its  internal  mammary  branch;  while  the  fourth  left 
arch  constitutes  the  arch  of  the  aorta  between  the  origin  of  the  left  carotid  artery 
and  the  termination  of  the  ductus  arteriosus.  The  fifth  arch  disappears  on  both 
sides.    The  sixth  right  arch  disappears;  the  sixth  left  arch  gives  off  the  pulmonary 
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arteries  and  forms  the  ductus  arteriosus;  this  duct  remains  pervious  during  the 
whole  of  fetal  life,  but  is  obliterated  a  few  days  after  birth.  His  showed  that  in  the 
early  embryo  the  right  and  left  arches  each  gives  a  branch  to  the  lungs,  but  that 
later  both  pulmonary  arteries  take  origin  from  the  left  arch. 

The  Dorsal  AortSB. — In  front  of  the  third  aortic  arches  the  dorsal  aortse  persist 
and  form  the  continuations  of  the  internal  carotid  arteries;  these  arteries  pass  to  the 
brain  and  each  divides  into  an  anterior  and  a  posterior  branch,  the  former  giving 
off  the  ophthalmic  and  the  anterior  and  middle  cerebral  arteries,  while  the  latter 
turns  back  and  joins  the  cerebral  part  of  the  vertebral  artery.  Behind  the  third 
arch  the  right  dorsal  aorta  disappears  as  far  as  the  point  where  the  two  dorsal 
aortae  fuse  to  form  the  descending  aorta.  The  part  of  the  left  dorsal  aorta  between 
the  third  and  fourth  arches  disappears,  while  the  remainder  persists  to  form 
the  descending  part  of  the  arch  of  the  aorta.  A  constriction,  the  aortic  isthmus,  is 
sometimes  seen  in  the  aorta  between  the  origin  of  the  left  subclavian  and  the 
attachment  of  the  ductus  arteriosus. 

Sometimes  the  right  subclavian  artery  arises  from  the  aortic  arch  distal  to  the 
origin  of  the  left  subclavian  and  passes  upward  and  to  the  right  behind  the  trachea 
and  oesophagus.  This  condition  may  be  explained  by  the  persistence  of  the  right 
dorsal  aorta  and  the  obliteration  of  the  fourth  right  arch. 

In  birds  the  fourth  right  arch  forms  the  arch  of  the  aorta;  in  reptiles  the  fourth 
arch  on  both  sides  persists  and  gives  rise  to  the  double  aortic  arch  in  these  animals. 

The  heart  originally  lies  on  the  ventral  aspect  of  the  pharynx,  inuaiediately 
behind  the  stomodeum.  With  the  elongations  of  the  neck  and  the  development 
of  the  lungs  it  recedes  within  the  thorax,  and,  as  a  consequence,  the  anterior 
ventral  aort«  are  drawn  out  and  the  original  position  of  the  fourth  and  fifth  arches 
is  greatly  modified.  Thus,  on  the  right  side  the  fourth  recedes  to  the  root  of  the 
neck,  while  on  the  left  side  it  is  withdrawn  within  the  thorax.  The  recurrent 
nerves  originally  pass  to  the  larynx  under  the  sixth  pair  of  arches,  and  are  there- 
fore pulled  backward  with  the  descent  of  these  structures,  so  that  in  the  adult  the 
left  nerve  hooks  around  the  ligamentum  arteriosum;  owing  to  the  disappearance  of 
the  fifth  and  the  sixth  right  arches  the  right  nerve  hooks  around  that  inmiediately 
above  them,  i.e.,  the  commencement  of  the  subclavian  artery.  Segmental  arteries 
arise  from  the  primitive  dorsal  aortce  and  course  between  successive  segments. 
The  seventh  segmental  artery  is  of  special  interest,  since  it  forms  the  lower  end  of 
the  vertebral  artery  and,  when  the  forelimb  bud  appears,  sends  a  branch  to  it 
(the  subclavian  artery).  From  the  seventh  segmental  arteries  the  entire  left 
subclavian  and  the  greater  part  of  the  right  subclavian  are  formed.  The  second 
pair  of  segmental  arteries  accompany  the  hypoglossal  nerves  to  the  brain  and  are 
named  the  hypoglossal  arteries.  Each  sends  forward  a  branch  which  forms  the 
cerebral  part  of  the  vertebral  artery  and  anastomoses  with  the  posterior  branch 
of  the  internal  carotid.  The  two  vertebrals  unite  on  the  ventral  surface  of  the 
hind-brain  to  form  the  basilar  artery.  Later  the  hypoglossal  artery  atrophies 
and  the  vertebral  is  connected  with  the  first  segmental  artery.  The  cervical  part 
of  the  vertebral  is  developed  from  a  longitudinal  anastomosis  between  the  first 
seven  segmental  arteries,  so  that  the  seventh  of  these  ultimately  becomes  the  source 
of  the  artery.  As  a  result  of  the  growth  of  the  upper  limb  the  subclavian  artery 
increases  greatly  in  size  and  the  vertebral  then  appears  to  spring  from  it. 

Recent  observations  show  that  several  segmental  arteries  contribute  branches  to 
the  upper  limb-bud  and  form  in  it  a  free  capillary  anastomosis.  Of  these  branches, 
only  one,  viz.,  that  derived  from  the  seventh  segmental  artery,  persists  to  form 
the  subclavian  artery.  The  subclavian  artery  is  prolonged  into  the  limb  under 
the  names  of  the  axillary  and  brachial  arteries,  and  these  together  constitute  the 
arterial  stem  for  the  upper  arm,  the  direct  continuation  of  this  stem  in  the  forearm 
is  the  volar  interosseous  artery.    A  branch  which  accompanies  the  median  nerve 
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soon  increases  in  size  and  forms  the  main  vessel  (median  artery)  of  the  forearm, 
while  the  volar  interosseous  diminishes.  Later  the  radial  and  ulnar  arteries  are 
developed  as  branches  of  the  brachial  part  of  the  stem  and  coincidently  with  their 
enlargemeat  the  median  artery  recedes;  occasionally  it  persists  as  a  vessel  of  some 
considerable  size  and  then  accompanies  the  median  nerve  into  the  palm  of  the  hand. 
The  primary  arterial  stem  for  the  lower  limb  is  formed  by  the  inferior  gluteal 
(smtic)  artery,  which  accompanies  the  sciatic  nerve  along  the  posterior  aspect  of 
the  thigh  to  the  back  of  the  knee,  whence  it  is  continued  as  the  peroneal  artery. 
Thb  arrangement  exists  in  reptiles  and  amphibians.  The  femoral  artery  arises 
later  as  a  branch  of  the  common  iliac,  and,  passing  down  the  front  and  medial 
side  of  the  thigh  to  the  bend  of  the  knee,  joins  the  inferior  gluteal  artery.  The 
femoral  quickly  enlarges,  and,  coincidently  with  this,  the  part  of  the  inferior  gluteal 
imniediately  above  the  knee  undergoes  atrophy.  The  anterior  and  posterior  tibial 
arteries  are  branches  of  the  main  arterial  stem. 
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faitheT  Derelopment  of  the  Veins.— The  formation  of  the  great  veins  of  the 
embryo  may  be  best  considered  by  dividing  them  into  two  groups,  nscerol  and 
puietal. 

Tbe  Visceral  Veins. — The  visceral  veins  are  the  two  vitelline  or  omphalomesenteric 
Teiu  bringing  the  blood  from  the  yolk-sac,  and  the  two  ombilieal  veins  returning 
tbe  blood  from  the  placenta;  these  four  veins  open  close  together  into  the  sinus 
venosus. 

The  Vitelline  Veins  run  upward  at  first  in  front,  and  subsequently  on  either 
side  of  the  intestinal  canal.  They  unite  on  the  ventral  aspect  of  the  canal,  and 
beyond  this  are  connected  to  one  another  by  two  anastomotic  branches,  one  on  the 
dorsal,  and  the  other  on  the  ventral  aspect  of  the  duodenal  portion  of  the  intestine, 
which  is  thus  encircled  by  two  venous  rings  (Fig.  172);  into  the  middle  or  dorsal 
anastomosis  the  superior  mesenteric  vein  opens.  The  portions  of  the  veins  above 
tbe  upper  ring  become  interrupted  by  the  developing  liver  and  broken  up  by  it  into 
a  plexus  of  small  capillary-like  vessels  termed  sinusoids  (Minot),  The  branches 
conveying  the  blood  to  this  plexus  are  named  the  venae  advehentes,  and  become 
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the  branches  of  the  portal  vein;  while  the  vessels  draining  the  plexus  into  the 
sinus  venosus  are  termed  the  venae  reTehentes,  and  form  the  future  hepatic  veins 
(Figs.  172,  173).  Ultimately  the  left  vena  revehens  no  longer  communicates 
directly  with  the  sinus  venosus,  hut  opens  into  the  right  vena  revehens.  The 
persistent  part  of  the  upper  venous  ring,  above  the  opening  of  the  superior  mes- 
enteric vein,  forms  the  trunk  of  the  portal  vein. 

Right  primUiv,  jugular  v.in  ^f,  ^^^.^ 

Bight  card 
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Bight  hejxaic 
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Port 
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Fia.  173.— Bumu  smbiyo  w 

The  two  Umbilical  Veins  fuse  early  to  form  a  single  trunk  in  the  body-stalk, 
but  remain  separate  within  the  embryo  and  pass  forward  to  the  sinus  venosus 
in  the  side  walls  of  the  body.  Like  the  vitelline  veins,  their  direct  connection 
with  the  sinus  venosus  becomes  interrupted  by  the  developing  liver,  and  thus  at 
this  stage  the  whole  of  the  blood  from  the  yolk-sac  and  placenta  passes  through 
the  substance  of  the  liver  before  it  reaches  the  heart.  The  right  umbilical  and 
right  vitelline  veins  shrivel  and  disappear;  the  left  umbilical,  on  the  other  hand, 
becomes  enlarged  and  opens  into  the  upper  venous  ring  of  the  vitelline  veins;  with 
the  atrophy  of  the  yolk-sac  the  left  vitelline  vein  also  undergoes  atrophy  and 
disappears.  Finally  a  direct  branch  is  established  between  this  ring  and  the  right 
hepatic  vein;  this  branch  is  named  the  ductus  Tonosus,  and,  enlarging  rapidly, 
it  forms  a  wide  channel  through  which  most  of  the  blood,  returned  from  the 
placenta,  is  carried  direct  to  the  heart  without  passing  through  the  liver.  A  small 
proportion  of  the  blood  from  the  placenta  is,  however,  conveyed  from  the  left 
umbilical  vein  to  the  liver  through  the  left  vena  advehens.  The  left  umbilical 
vein  and  the  ductus  venosus  undergo  atrophy  and  obliteration  after  birth,  and 
form  respectively  the  ligameutum  teres  and  ligamentum  venosum  of  the  liver. 
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The  Parietal  Veins. — ^The  first  indication  of  a  parietal  system  consists  in  the 
appearance  of  two  short  transverse  veins,  the  ducts  of  CaTier,  which  open,  one 
on  either  side,  into  the  sinus  venosus.  Each  of  these  ducts  receives  an  ascending 
and  descending  vein.  The  ascending  veins  return  the  blood  from  the  parietes 
of  the  trunk  and  from  the  Wolffian  bodies,  and  are  called  cardinal  veins.  The 
descending  veins  return  the  blood  from  the  head,  and  are  called  primitive  jugular 
veins  (Fig.  174).  The  blood  from  the  lower  limbs  is  collected  by  the  right  and 
left  Diac  and  h^'pogastric  veins,  which,  in  the  earlier  stages  of  development,  open 
into  the  corresponding  right  and  left  cardinal  veins;  later,  a  transverse  branch  (the 
left  common  iliac  vein)  is  developed  between  the  lower  parts  of  the  two  cardinal 
veins  (Fig.  176),  and  through  this  the  blood  is  carried  into  the  right  cardinal  vein. 
The  portion  of  the  left  cardinal  vein  below  the  left  renal  vein  atrophies  and  dis- 
appears up  to  the  point  of  entrance  of  the  left  spermatic  vein;  the  portion  above 
the  left  renal  vein  persists  as  the  hemiazygos  and  accessory  hemiazygos  veins 
and  the  lower  portion  of  the  highest  left  intercostal  vein.     The  right  cardinal  vein 
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174. — Scheme  of  arrangement  of  parietal 
veins. 
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Fio.  175. — Scheme  showing  early  stages  of 
development  of  the  inferior  vena  cava. 


which  now  receives  the  blood  from  both  lower  extremities,  forms  a  large  venous 
trunk  along  tl\e  posterior  abdominal  wall;  up  to  the  level  of  the  renal  veins  it 
forms  the  lower  part  of  the  inferior  vena  cava.  Above  the  level  of  the  renal  veins 
the  right  cardinal  vein  persists  as  the  azygos  vein  and  receives  the  right  intercostal 
veins,  while  the  hemiazygos  veins  are  brought  into  communication  with  it  by  the 
development  of  transverse  branches  in  front  of  the  vertebral  column  (Figs.  176, 177) 
HDfericxr  Vena  Cava. — The  development  of  the  inferior  vena  cava  is  associated 
with  the  formation  of  two  veins,  the  subcardinal  veins  (Figs.  174,  175).  These 
lie  parallel  to,  and  on  the  ventral  aspect  of,  the  cardinal  veins,  and  originate  as 
longitudinal  anastomosing  channels  which  link  up  the  tributaries  from  the  mes- 
entery to  the  cardinal  veins;  they  communicate  with  the  cardinal  veins  above  and 
below,  and  also  by  a  series  of  transverse  branches.  The  two  subcardinals  are  for 
a  time  connected  with  each  other  in  front  of  the  aorta  by  cross  branches,  but  these 
disappear  and  are  replaced  by  a  single  transverse  channel  at  the  level  where  the 
rcoal  veins  join  the  cardinals,  and  at  the  same  level  a  cross  communication  is 
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established  on  either  side  between  the  cardinal  and  subcardinal  (Fig.  175).  The 
portion  of  the  right  subcardinal  behind  this  cross  communication  disappears,  while 
that  in  front,  i.  e.,  the  prerenal  part,  forms  a  connection  with  the  ductus  venosus 
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Fio.  176. — Diagram  showing  development  of  main  croea  branches  between  jugulars  and  between  cardinals. 

at  the  point  of  opening  of  the  hepatic  veins,  and,  rapidly  enlarging,  receives  the 
blood  from  the  postrenal  part  of  the  right  cardinal  through  the  cross  communica- 
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Fia.  177. — Diagram  showing  completion  of  development  of  the  parietal  veins. 

tion  referred  to.  In  this  manner  a  single  trunk,  the  inferior  vena  cava  (Fig.  177),  is 
formed,  and  consists  of  the  proximal  part  of  the  ductus  venosus,  the  prerenal  part 
of  the  right  subcardinal  vein,  the  postrenal  part  of  the  right  cardinal  vein,  and  the 
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cross  branch  which  joins  these  two  veins.  The  left  subcardinal  disappears,  except 
the  part  immediately  in  front  of  the  renal  vein,  which  is  retained  as  the  left  supra- 
renal vein.  The  spermatic  (or  ovarian)  vein  opens  into  the  postrenal  part  of 
the  corresponding  cardinal  vein.  This  portion  of  the  right  cardinal,  as  already 
explained,  forms  the  lower  part  of  the  inferior  vena  cava,  so  that  the  right  spermatic 
opens  directly  into  that  vessel.  The  postrenal  segment  of  the  left  cardinal  dis- 
appears, with  the  exception  of  the  portion  between  the  spermatic  and  renal  vein, 
which  is  retained  as  the  terminal  part  of  the  left  spermatic  vein. 
In  consequence  of  the  atro- 
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Fig.  178. — Diacram  of  veins  of  head  of  an  embryo  four  weeks  old. 

(After  Mall.) 


phy  of  the  WolflBan  bodies  the 
cardinal  veins  diminish  in  size; 
the  primitive  jugular  veins, 
on  the  other  hand,  become 
enlarged,  owing  to  the  rapid 
development  of  the  head  and 
brain.  They  are  fiuther  aug- 
mented by  receiving  the  veins 
[subdavian)  from  the  upper  ex- 
tremities, and  so  come  to  form 

the  chief  veins  of  the  Cuvierian  ducts;  these  ducts  gradually  assume  an  almost 
vertical  position  in  consequence  of  the  descent  of  the  heart  into  the  thorax.  The 
right  and  left  Cuvierian  ducts  are  originally  of  the  same  diameter,  and  are  frequently 
termed  the  rii^ht  and  left  superior  venn  caY».  By  the  development  of  a  transverse 
branch,  the  left  iimoiDinate  vein  between  the  two  primitive  jugular  veins,  the 
blood  is  carried  across  from  the  left  to  the  right  primitive  jugular  (Figs.  176,  177). 
The  portion  of  the  right  primitive  jugular  vein  between  the  left  innominate  and 
the  azygos  vein  forms  the  upper  part  of  the  superior  vena  cava  of  the  adult;  the 
lower  part  of  this  vessel,  i,  6.,  below  the  entrance  of  the  azygos  vein,  is  formed  by 
the  right  Cuvierian  duct.     Below  the  origin  of  the  transverse  branch  the  left 
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Fio.  179. — Diagram  of  veina  of  head  of  an  embryo  five  weeks  old.     (After  Mall.) 


firimitive  jugular  vein  and  left  Cuvierian  duct  atrophy,  the  former  constituting 
t:ie  upper  part  of  the  highest  left  intercostal  vein,  while  the  latter  is  represented 
' :  the  ligament  of  the  left  vena  cava,  vestigial  fold  of  Marshall,  and  the  oblique 

rin  of  the  left  atrium,  oblique  vein  of  Marshall  (Fig.  177).  Both  right  and  left 
•t.'perior  ven»  cavae  are  present  in  some  animals,  and  are  occasionally  found  in  the 
*iult  human  being.  The  oblique  vein  of  the  left  atrium  passes  downward  across 
*i?  back  of  the  left  atrium  to  open  into  the  coronary  sinus,  which,  as  already 

rjdicated,  represents  the  persistent  left  horn  of  the  sinus  venosus. 

The  primitive  jugular  veins  drain  the  blood  from  the  brain,  and  their  proximal 
"'ititi  form  the  internal  jugular  veins.  The  distal  portion  of  each  has  been  named 
"^  fcoa  eapitis  medialis  (Fig.  178) ;  it  runs  on  the  medial  side  of  the  auditory 
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vesicle  and  cerebral  nerve  roots,  and  the  portion  of  it  situated  in  the  neighborhood 
of  the  trigeminal  nerve  becomes  the  cavernous  sinus.  The  greater  part  of  the  vena 
capitis  medialis  is  replaced,  however,  by  the  vena  capitis  lateralis  (Fig.  179),  which 
is  developed  on  the  lateral  aspect  of  the  cerebral  nerves  from  the  trigeminal  to  the 
hypoglossal.  This  vein  receives  three  principal  tributaries,  viz.,  the  anterior 
cerebral  vein  from  the  eye,  fore-brain,  and  mid-brain,  the  middle  cerebral  vein 
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Fia.  180. — Diagram  of  veinfl  of  head  at  the  beginning  of  the  third  month.     (After  Mall.) 

from  the  cerebellum,  and  the  posterior  cerebral  vein  from  the  lower  part  of  the  hind- 
brain.  At  this  stage,  therefore,  practically  the  whole  of  the  blood  from  the  brain 
is  drained  into  the  vena  capitis  lateralis,  which  leaves  the  skull  in  company  with 
the  facial  nerve  and  opens  into  the  internal  jugular  vein.  The  terminal  branches 
of  the  two  anterior  cerebral  veins  anastomose  in  the  middle  line  and  thus  form  the 
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superior  sagittal  sinus  (Fig.  180).  By  the  backward  growth  of  the  cerebral  hemis- 
pheres this  sinus  comes  to  anastomose  with  the  middle  and  posterior  cerebral  veins, 
the  latter  of  which  leaves  the  skull  through  the  jugular  foramen;  this  last  anastomo- 
sis forms  the  greater  part  of  the  transverse  sinus.  The  vena  capitis  lateralis  under- 
goes atrophy;  the  middle  cerebral  vein  forms  the  superior  petrosal  sinus  (Fig. 
181).    The  inferior  petrosal  sinus  is  a  later  formation.    The  external  jugular  vein 
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at  first  drains  the  region  behind  the  ear  (posterior  auricular)  and  enters  the  primi- 
tive jugular  as  a  lateral  tributary.  A  group  of  veins  from  the  face  and  lingual  region 
converge  to  form  a  common  vein,  the  linguo-facial,^  which  also  terminates  in  the 
primitive  jugular.  Later,  cross  commimications  develop  between  the  external 
jugular  and  the  linguo-facial,  with  the  result  that  the  posterior  group  of  facial 
veins  is  transferred  to  the  external  jugular. 

Peculiarities  of  fhe  Fetal  Heart. — ^In  early  fetal  life  the  heart  is  placed  directly 
under  the  head  and  is  relatively  of  large  size.  Later  it  assumes  its  position  in  the 
thorax,  but  lies  at  first  in  the  middle  line;  toward  the  end  of  pregnancy  it  gradu- 
ally becomes  oblique  in  direction.  The  atrial  portion  is  at  first  larger  than  the 
ventricular  part,  and  the  two  atria  communicate  freely  through  the  foramen  ovale. 
In  consequence  of  the  communication  through  the  ductus  arteriosus,  between  the 
pulmonary  artery  and  the  aorta,  the  contents  of  the  right  ventricle  are  mainly 
carried  into  the  latter  vessel  instead  of  to  the  lungs,  and  hence  the  wall  of  the 
right  ventricle  is  as  thick  as  that  of  the  left.  At  the  end  of  fetal  life,  however, 
the  left  ventricle  is  thicker  than  the  right,  a  difference  which  becomes  more  and 
more  emphasized  after  birth. 

The  fetal  circulation  and  the  changes  which  take  place  in  the  circulation  after 
birth  are  described  on  pages  616  to  618. 
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Fig.    182. — Scheme  showing  relative  positions  of  primary  lymph  sacs  based  on  the  description  given  by 

Florence  Sabin. 


The  Lymphatic  Vessels. — The  lymphatic  system  begins  as  a  series  of  sacs^  at 
the  points  of  junction  of  certain  of  the  embryonic  veins.  These  Ijonph-sacs  are 
develoiped  by  the  confluence  of  numerous  venous  capillaries,  which  at  first  lose 
their  connections  with  the  venous  system,  but  subsequently,  on  the  formation  of 
the  sacs,  regain  them.  The  lymphatic  system  is  therefore  developmentally  an 
offshoot  of  the  venous  system,  and  the  lining  walls  of  its  vessels  are  always 
endothelial. 

In  the  human  embryo  the  lymph  sacs  from  which  the  lymphatic  vessels  are 
derived  are  six  in  number;  two  paired,  the  jugular  and  the  posterior  lymph-sacs; 
and  two  unpaired,  the  retroperitoneal  and  the  cisterna  chyli.    In  lower  mammals 


^  Lewis,  American  Journal  o£  Anatomy,  February,  1909,  No.  I,  vol.  ix. 
*  Sabin,  ibid. 
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an  additional  pair,  subclavian,  is  present,  but  in  the  human  embryo  these  are 
merely  extensions  of  the  jugular  sacs. 

The  position  of  the  sacs  is  as  follows:  (1)  jugular  sac,  the  first  to  appear,  at 
the  junction  of  the  subclavian  vein  with  the  primitive  jugular;  (2)  posterior  sac, 
at  the  junction  of  the  iliac  vein  with  the  cardinal;  (3)  retroperitoneal,  in  the  root 
of  the  mesentery  near  the  suprarenal  glands;  (4)  cisterna  chyli,  opposite  the  third 
and  fourth  lumbar  vertebrae  (Fig.  182).  From  the  lymph-sacs  the  lymphatic 
vessels  bud  out  along  fixed  lines  corresponding  more  or  less  closely  to  the  course 
of  the  embryonic  bloodvessels.  Both  in  the  body-wall  and  in  the  wall  of  the 
intestine,^  the  deeper  plexuses  are  the  first  to  be  developed;  by  continued  growth 
of  these  the  vessels  in  the  superficial  layers  are  gradually  formed.  The  thoracic 
duct  is  probably  formed  from  anastomosing  outgrowths  from  the  jugular  sac  and 
cisterna  chyli.  At  its  connection  with  the  cisterna  chyli  it  is  at  first  double,  but 
the  two  vessels  soon  join. 

All  the  lymph-sacs  except  the  cisterna  chyli  are,  at  a  later  stage,  divided  up  by 
slender  connective  tissue  bridges  and  transformed  into  groups  of  lymph  glands. 
The  lower  portion  of  the  cisterna  chyli  is  similarly  converted,  but  its  upper  portion 
remains'as  the  adult  cisterna. 
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Fio.  183. — Diagram  of  a  sasittal  section  of  a  mammalian  embryo.     Very  early.     (After  Quain.) 


DEVELOPMENT  OF  THE  DIGESTIVE  AND  RESPIRATORY  APPARATUS. 


The  Digestive  Tube. — As  already  indicated  (page  92),  the  primitive  digestive 
tube  consists  of  two  parts,  viz.:  (1)  the  fore-gut,  within  the  cephalic  flexure,  and 
dorsal  to  the  heart;  and  (2)  the  hind-gut,  within  the  caudal  flexure  (Figs.  183, 184). 
Between  these  is  the  wide  opening  of  the  yolk-sac,  which  is  gradually  narrowed 
and  reduced  to  a  small  foramen  leading  into  the  vitelline  duct.  At  first  the  fore- 
gut  and  hind-gut  end  blindly.    The  anterior  end  of  the  fore-gut  is  separated  from 
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the  stomodeum  by  the  buccopharyngeal  membrane  (Fig.  184);  the  hind-^t  ends 
in  the  cloaca,  which  b  closed  by  the  cloacal  membrane. 

n»e  Hooth. — The  mouth  is  developed  partly  from  the  stomodeum,  and  partly 
from  the  floor  of  the  anterior  portion  of  the  fore-gut.  By  the  growth  of  the  head 
end  of  the  embryo,  and  the  formation  of  the  cephalic  flexure,  the  pericardial  area 
and  the  buccopharyngeal  membrane  come  to  lie  on  the  ventral  surface  of  the 
embrj-o.  With  the  further  expansion  of  the  brain,  and  the  forward  bulging  of  the 
pericardium,  the  buccopharyngeal  membrane  is  depressed  between  these  two 
prominences.  This  depression  constitutes  the  stomodeum  (Fig.  1S4).  It  is  lined 
by  ectoderm,  and  is  separated  from  the  anterior  end  of  the  fore-gut  by  the  bucco- 
pharyngeal membrane.  This  membrane  is  devoid  of  mesoderm,  being  formed 
by  the  apposition  of  the  stomodeal  ectoderm  with  the  fore-gut  entoderm;  at  the 
end  of  the  third  week  it  disappears,  and  thus  a  communication  is  established 
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between  the  mouth  and  the  future  pharynx.  No  trace  of  the  membrane  is  found 
in  the  adult;  and  the  conmiunication  just  mentioned  must  not  be  confused  with  the 
permanent  isthmus  faucium.  The  lips,  teeth,  and  gums  are  formed  from  the  walls 
of  the  stomodeum,  but  the  tongue  is  developed  in  the  floor  of  the  pharynx. 

The  visceral  arches  extend  in  a  ventral  direction  between  the  stomodeum  and 
the  pericardium ;  and  with  the  completion  of  the  mandibular  arch  and  the  formation 
of  the  maxillary  processes,  the  mouth  assumes  the  appearance  of  a  pentagonal 
orifice.  The  orifice  is  bounded  in  front  by  the  fronto-nasal  process,  behind  by  the 
mandibular  arch,  and  laterally  by  the  maxillary  processes  (Fig.  185).  With  the 
inward  growth  and  fusion  of  the  palatine  processes  (Figs.  112, 113),  the  stomodeum 
is  divided  into  an  upper  nasal,  and  a  lower  buccal  part.  Along  the  free  margins 
of  the  processes  bounding  the  mouth  cavity  a  shallow  groove  appears;  this  is 
termed  the  primarr  labial  groove,  and   from  the  bottom  of  it  a  downgrowth  of 
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ectoderm  takes  place  into  the  underlying  mesoderm.  The  central  ceils  of  the 
ectodermal  downgrowth  degenerate  and  a  sectmduT  labial  groove  is  formed ;  by 
the  deepening  of  this,  the  lips  and  cheeks  are  separated  from  the  alveolar  processes 
of  the  maxillse  and  mandible. 

The  Salivary  Qlands. — The  salivary  glands  arise  as  buds  from  the  epithelial 
lining  of  the  mouth;  the  parotid  appears  during  the  fourth  week  in  the  angle 
between  the  maxillary  process  and  the 
mandibular  arch;  the  submaxillar^'  ap- 
pears in  the  sixth  week,  and  the  sublin- 
gual during  the  ninth  week  in  the  hollow 
uual  ■ptoetaa     between  the  tongue  and  the  mandibular 

arch. 
'*"■'  The  Tonpie  (Figs.  186  to  188).— The 

"•"^  p™««  tongue  is  developed  in  the  floor  of  the 
^^^  pharynx,  and  consists  of  an  anterior  or 
1^  buccal  and  a  posterior  or  pharyngeal  part 

which  are  separated  in  the  adult  by  the 
Jar  arch  V-shaped  sulcus  terminalis.    During  the 

third  week  there  appears,  immediately 
behind  the  ventral  ends  of  the  two  halves 
of    the    mandibular    arch,    a    rounded 
swelling  named  the  tuberculnm  impar, 
which    was   described    by  His   as  un- 
dergoing    enlargement     to     form     the 
buccal  part   of  the   tongue.    More  re- 
cent   researches,   however,    show    that 
this    part  of    the    tongue  is   mainly,  if 
''"'■  lf^T"y'^Brdlyt'''<F;!SuTS*ibyP^r)'^'^     not    entirely,    developed   from    a    pair 
of    lateral    swellings    which    rise    from 
the  inner  surface  of  the  mandibular  arch  and  meet  in  the  middle  line.    The  tuber- 
culum  impar  is  said  to  form  the  central  part  of  the  tongue  immediately  in  front 
of  the  foramen  cecum,  but  Hammar  insists  that  it  is  purely  a  transitory  structure 
and  forms  no  part  of  the  adult  tongue.    From  the  ventral  ends  of  the  fourth  arch 
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there  arises  a  second  and  larger  elevation,  in  the  centre  of  which  is  a  median  groove 
or  furrow.  This  ele\ation  was  named  by  His  the  fnrcuU,  and  is  at  first  separated 
from  the  tuherculum  impar  by  a  depression,  but  later  by  a  ridge,  the  copnla, 
formed  by  the  forward  growth  and  fusion  of  the  ^-entral  ends  of  the  second  and 
third  arches.    The  posterior  or  pharjngeal  part  of  the  tongue  is  developed  from 
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the  copula,  which  extends  forward  in  the  form  of  a  V,  so  as  to  embrace  between  its 
two  limbs  the  buccal  part  of  the  tongue.  At  the  apex  of  the  V  a  pit-like  invagination 
oc-curs,  to  fonn  the  th>Toid  gland,  and  this  depression  is  represented  in  the  adult 
by  the  foramen  cecum  of  the  tongue.  In  the  adult  the  union  of  the  anterior  and 
posterior  parts  of  the  tongue  is  marked  by  the  V-shaped  sulcus  terminalis,  the 
apex  of  which  is  at  the  foramen  cecum,  while  the  two  limbs  run  lateralward  and 
forward,  parallel  to,  but  a  little  behind,  the  vallate  papillse. 

The  Thyroid  Qland. — The  thyroid  gland  is  developed  from  a  median  diverticulum 
(Fig.  189),  which  appears  about  the  fourth  week  on  the  summit  of  the  tuberculum 
impar,  but  later  is  found  in  the  furrow  immediately  behind  the  tuberculum  (Fig. 
186).  It  grow^s  downward  and  backward  as  a  tubular  duct,  which  bifurcates  and 
subsequently  subdivides  into  a  series  of  cellular  cords,  from  which  the  isthmus 
and  lateral  lobes  of  the  th^Toid  gland  are  developed.  As  already  stated  (page  111), 
the  ultimobranchial  bodies  from  the  fifth  pharyngeal  pouches  are  enveloped  by 
the  lateral  lobes  of  the  thyroid  gland;  they  undergo  atrophy  and  do  not  form  true 
th\Toid  tissue.  The  connection  of  the  diverticulum  with  the  pharynx  is  termed 
the  thyiofloBsal  duct;  its  continuity  is  subsequently  interrupted,  and  it  undergoes 
degeneration,  its  upper  end  being  represented  by  the  foramen  cecum  of  the  tongue, 
and  its  lower  by  the  p>Tamidal  lobe  of  the  thvToid  gland. 
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Fra.  188. — Floor  oCpharynx  of  human  embryo  about  thirty  Fio.  189. — Scheme  showing  development  of  bran- 

days  old.    (From  model  by  Peter.)  chial  epithelal  bodies.      (Modified  from  Kohn.)     /, 

//,  lift  IV,     Branchial  pouches. 

The  Palatine  Tonsils. — ^The  palatine  tonsils  are  developed  from  the  dorsal  angles 
of  the  second  branchial  pouches.  The  entoderm  which  lines  these  pouches  grows 
in  the  form  of  a  number  of  solid  buds  into  the  surroimding  mesoderm.  These 
buds  become  hollowed  out  by  the  degeneration  and  casting  off  of  their  central  cells, 
and  by  this  means  the  tonsillar  crypts  are  formed.  Lymphoid  cells  accumulate 
around  the  crypts,  and  become  grouped  to  form  the  lymphoid  follicles;  the  latter, 
however,  are  not  well-defined  until  after  birth. 

The  Thymus. — ^The  thymus  appears  in  the  form  of  two  flask-shaped  entodermal 
diverticula,  which  arise,  one  on  either  side,  from  the  third  branchial  pouch  (Fig. 
1S9),  and  extend  lateralward  and  backward  into  the  surrounding  mesoderm  in 
front  of  the  ventral  aortse.  Here  they  meet  and  become  joined  to  one  another  by 
connective  tissue,  but  there  is  never  any  fusion  of  the  thymus  tissue  proper.  The 
phar\Tigeal  opening  of  each  diverticulum  is  soon  obliterated,  but  the  neck  of  the 
flask  persists  for  some  time  as  a  cellular  cord.  By  further  proliferation  of  the  cells 
lining  the  flask,  buds  of  cells  are  formed,  which  become  surrounded  and  isolated 
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by  the  invading  mesoderm.  In  the  latter,  numerous  lymphoid  cells  make  their 
appearance,  and  are  aggregated  to  form  lymphoid  follicles.  These  lymphoid 
cells  are  probably  derivatives  of  the  entodermal  cells  which  lined  the  original 
diverticula  and  their  subdivisions.  Additional  portions  of  thymus  tissue  are 
sometimes  developed  from  the  fourth  branchial  pouches.  ThjTnus  continues 
to  grow  until  the  time  of  puberty  and  then  begins  to  atrophy. 

Th«  Pvftthyroid  Bodies. — ^The  parathyroid  bodies  are  developed  as  outgrowths 
from  the  third  and  fourth  branchial  pouches  (Fig.  189). 

'  A  pair  of  diverticula  arise 

*  ■  from    the   fifth     branchial 

pouch  and  form  what  are 

termed   the   ultimobranchial 

I       bodi«B  (Fig.  189):  these  fuse 

I       with  the  thyroid  gland,  but 

probably  contribute  no  true 

thyroid  tissue. 

The  Hjpopbysia  Cerebri. — 
This  in  the  adult  consists  of 
\       a  large  anterior,  and  a  small 
\      posterior,  lobe:  the  former 
I      is    derived    from  the    ecto- 
derm of  the  stomodeum,  the 
"  latter  from  the  floor  of  the 

fore-brain.  About  the  fourth 
week  there  appears  a  pouch- 
like diverticulum  of  the  ecto- 
dermal lining  of  the  roof  of 
thestomodeum.   This  diver- 
ticulum,  poach    of    Bathke 
(Fig.  190),  is  the  rudiment  of 
the  anterior  lobe  of  the  hypo- 
physis; it  extends  upward  in 
front  of  the  cephalic  end  of 
the  DOtocbord  and  the  rem- 
nant of  the  buccopharyngeal 
membrani     and  comes  into 
contact  wrvh  the  under  sur- 
face of  the  fore-brain.    It  is 
then  constricted  off  to  form 
a  closed  vesicle,  but  remains 
for  a  time  connected  to  the 
ectoderm  of  the  stomodeum 
by  asoiid  cord  of  cells.  Masses 
of  epithelial  cells  form  on 
either  side  and  in  the  front 
wail  of  the  vesicle,  and  by  the  growth  between  these  of  a  stroma  from  the  mesoderm 
the  development  of  the  anterior  lobe  is  completed.    The  upwardly  directed  hypo- 
physeal involution  becomes  applied  to  the  antero-lateral  aspect  of  a  downwardly 
directed  diverticulum  from  the  base  of  the  fore-brain  (page  128).    This  divertic- 
ulum consritutes  the   future  infundibulum  in   the  floor  of   the  third  ventricle 
while  its  inferior  extremity  becomes  modified  to  form  the  posterior  lobe  of  the 
hypophysis.    In  some  of  the  lower  animals  the  posterior  lobe  contains  nerve  cells 
and  nerve  fibres,  but  in  man  and  the  higher  vertebrates  these  are  replaced  by 
connective  tissue.     A  canal,  cranlopharyngeal  canal,  is  sometimes  found  extending 
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from  the  anterior  part  of  the  fossa  hypophyseos  of  the  sphenoid  bone  to  the  under 
surface  of  the  skull,  and  marks  the  original  position  of  Rathke's  pouch;  while  at 
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The  Further  Development  of  the  Diirestive  Tube.— The  upper  part  of  the  fore-gut 
becomes  dilated  to  form  the  pharynx  (Fig.  184),  in  relation  to  which  the  branchial 
arches  are  developed  (see  page  108) ;  the  succeeding  part  remains  tubular,  and  with 
the  descent  of  the  stomach  is  elongated  to  form  the  oesophagus.  About  the  fourth 
week  a  fusiform  dilatation,  the  future  stomach,  makes  its  appearance,  and  beyond 
this  the  gut  opens  freely  into  the  yolk-sac  (Fig.  191,  A  and  B).  The  opening  is  at 
first  wide,  but  is  gradually  narrowed  into  a  tubular  stalk,  the  yolk-stalk  or  Titelline 
duct.  Between  the  stomach  and  the  mouth  of  the  yolk-sac  the  liver  diverticulum 
appears.  From  the  stomach  to  the  rectum  the  alimentary  canal  is  attached  to  the 
notochord  by  a  band  of  mesoderm,  from  which  the  common  mesentery  of  the  gut 
is  subsequently  developed.  The  stomach  has  an  additional  attachment,  viz.,  to 
the  ventral  abdominal  wall  as  far  as  the  umbilicus  by  the  septum  transversum. 
The  cephalic  portion  of  the  septum  takes  part  in  the  formation  of  the  Diaphragma, 
while  the  caudal  portion  into  which  the  liver  grows  forms  the  ventral  mesoi^astriiim 
(Fig.  193).  The  stomach  undergoes  a  further  dilatation,  and  its  two  curvatures 
can  be  recognized  (Figs.  191,  B,  and  192),  the  greater  directed  toward  the  vertebral 
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Fio.  192. — Front  view  of  two  successive  stagea  in  the  development  of  the  diKestive  tube.     (His.) 

column  and  the  lesser  toward  the  anterior  wall  of  the  abdomen,  while  its  two 
surfaces  look  to  the  right  and  left  respectively.  Behind  the  stomach  the  gut 
undergoes  great  elongation,  and  forms  a  V-shaped  loop  which  projects  downward 
and  forward;  from  the  bend  or  angle  of  the  loop  the  vitelline  duct  passes  to  the 
umbilicus  (Fig.  193).  For  a  time  a  considerable  part  of  the  loop  extends  beyond 
the  abdominal  cavity  into  the  umbilical  cord,  but  by  the  end  of  the  third  month 
it  is  withdrawn  within  the  cavity.  With  the  lengthening  of  the  tube,  the  mesoderm, 
which  attaches  it  to  the  future  vertebral  column  and  carries  the  bloodvessels  for 
the  supply  of  the  gut,  is  thinned  and  drawn  out  to  form  the  posterior  common 
mesentery.  The  portion  of  this  mesentery  attached  to  the  greater  curvature  of 
the  stomach  is  named  the  dorsal  mesogastrium,  and  the  part  which  suspends  the 
colon  is  termed  the  mesocolon  (Fig.  194).  About  the  sixth  week  a  diverticulum 
of  the  gut  appears  just  behind  the  opening  of  the  vitelline  duct,  and  indicates 
the  future  cecum  and  vermiform  process.  The  part  of  the  loop  on  the  distal  side 
of  the  cecal  diverticulum  increases  in  diameter  and  forms  the  future  ascending 
and  transverse  portions  of  the  large  intestine.  Until  the  fifth  month  the  cecal 
diverticulum  has  a  uniform  calibre,  but  from  this  time  onward  its  distal  part 
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remains  rudimentary  and  forms  the  vermiform  process,  while  its  proximal  part 
expands  to  form  the  cecum.  Changes  also  take  place  in  the  shape  and  position 
of  the  stomach.    Its  dorsal  part  or  greater  curvature,  to  which  the  dorsal  meso- 
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gastrium  is  attached,  grows  much  more  rapidly  than  its  ventral  part  or  lessei 
cun-ature  to  which  the  ventral  mesogastrium  is  fixed.  Further,  the  greater  cur\'a 
ture  is  carried  downward  and  to  the  left,  so  that  the  right  surface  of  the  stomach  it 
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now  directed  backward  and  the  left  surface  forward  (Fig.  195),  a  change  in  position 
which  explains  why  the  left  vagus  nerve  is  found  on  the  front,  and  the  right  vagus 
on  the  back  of  the  stomach.   The  dorsal  mesogastrium  being  attached  to  the  greater 
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curvature  must  necessarily  follow  its  movements,  and  hence  it  becomes  greatly 
elongated  and  drawn  lateralward  and  ventralward  from  the  vertebral  column, 
and,  as  in  the  case  of  the  stomach,  the  right  surfaces  of  both  the  dorsal  and  ventral 
mesogastria  are  now  directed  backward,  and  the  left  forward.  In  this  way  a  pouch, 
the  bursa  omentalis,  is  formed  behind  the  stomach,  and  this  increases  in  size  as 
the  digestive  tube  undergoes  further  development;  the  entrance  to  the  pouch 
constitutes  the  future  foramen  epiploicnm  or  foramen  of  Winslow.  The  duodenum 
is  developed  from  that  part  of  the  tube  which  immediately  succeeds  the  stomach; 
it  undergoes  little  elongation,  being  more  or  less  fixed  in  position  by  the  liver  and 
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pancreas,  which  arise  as  diverticula  from  it.  The  duodenum  is  at  first  suspended 
bj'  a  mesentery,  and  projects  forward  in  the  form  of  a  loop.  The  loop  and  its  mes- 
entery are  subsequently  displaced  by  the  transverse  colon,  so  that  the  right  surface 
of  the  duodenal  mesentery  is  directed  backward,  and,  adhering  to  the  parietal 
peritoneum,  is  lost.  The  remainder  of  the  digestive  tube  becomes  greatly  elongated, 
and  as  a  consequence  the  tube  is  coiled  on  itself,  and  this  elongation  demands  a 
corresponding  increase  in  the  width  of  the  intestinal  attachment  of  the  mesentery, 
which  becomes  folded. 

At  this  stage  the  small  and  large  intestines  are  attached  to  the  vertebral  column 
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by  a  common  mesentery,  the  coils  of  the  small  intestine  falling  to  the  right  of  the 
middle  line,  while  the  large  intestine  lies  on  the  left  side.' 

The  gut  is  now  rotated  upon  itself,  so  that  the  large  intestine  is  carried  over  in 
front  of  the  small  intestine,  and  the  cecum  is  placed  immediately  below  the  liver; 
about  the  sixth  month  the  cecum  descends  into  the  right  iliac  fossa,  and  the  large 
intestine  forms  an  arch  consisting  of  the  ascending,  transverse,  and  descending 
portions  of  the  colon — the  transverse  portion  crossing  in  front  of  the  duodenum 
and  lying  just  below  the  greater  curvature  of  the  stomach;  within  thb  arch  the 
coils  of  the  small  intestine  are  dbposed  (Fig.  197).  Sometimes  the  downward 
progress  of  the  cecum  is  arrested,  so  that  in  the  adult  it  may  be  found  lying  imme- 
diately below  the  liver  instead  of  in  the  right  iliac  region. 


Fio.  IM.— Dikcnnu  to  illuitnls  two  itsiea  in  the  development  oF  the  digectiva  tube  uid  Ita  meHDten'. 
The  UTOW  indioktea  the  eatruice  to  the  buru  omentalu. 

Further  changes  take  place  in  the  bursa  omentatU  and  in  the  common  mesentery, 
and  give  rise  to  the  peritoneal  relations  seen  in  the  adult.  The  bursa  omentalis, 
which  at  first  reaches  only  as  far  as  the  greater  curvature  of  the  stomach,  grows 
downward  to  form  the  greater  omentum,  and  this  downward  extension  lies  in  front 
of  the  transverse  colon  and  the  coils  of  the  small  intestine  (Fig,  198).  Above,  before 
tbe  pleuro-peritoneal  opening  is  closed,  the  bursa  omentalis  sends  up  a  diverticulum 
on  either  side  of  the  oesophagus;  the  left  diverticulum  soon  disappears,  but  the  right 
is  constricted  off  and  persists  in  most  adults  as  a  small  sac  lying  within  the  thorax 
on  the  right  side  of  the  lower  end  of  the  cesophagus.  The  anterior  layer  of  the 
transverse  mesocolon  is  at  first  distinct  from  the  posterior  layer  of  the  greater 
omentum,  but  ultimately  the  two  blend,  and  hence  the  greater  omentum  appears 
as  if  attached  to  the  transverse  colon  {Fig.  199).  The  mesenteries  of  the  ascending 
and  descending  parts  of  the  colon  disappear  in  the  majority  of  cases,  while  that  of 
ihe  small  intestine  assumes  the  oblique  attachment  characteristic  of  its  adult 
condition. 

rit^ttotbeMtDde  of  the  vertebral  columa,  but  lies  Entirely  on  the  liiht  lide  nf  the  median  plsoe,  where  it  in  continued 
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The  lesser  omentum  is  formed,  as  indicated  above,  by  a  thinning  of  the  meso- 
derm or  ventral  meaogastriiim,  which  attaches  the  stomach  and  duodenum  to  the 
anterior  abdominal  wall.  By  the  subsequent  growth  of  the  liver  this  leaf  of 
mesoderm  is  divided  into  two  parts,  viz.,  the  lesser  omentum  between  the  stomach 
and  liver,  and  the  falciform  and  coronary  ligaments  between  the  liver  and  the 
abdominal  wall  and  Diaphragma  (Fig.  198). 

The  Rectum  and  Anal  Canal. — The  hind-gut  is  at  first  prolonged  backward  into 
the  body-stalk  as  the  tube  of  the  allantois;  but,  with  the  growth  and  flexure  of  the 
tail-end  of  the  embryo,  the  body-stalk,  with  its  contained  allantoic  tube,  is  carried 
forward  to  the  ventral  aspect  of  the  body,  and  consequently  a  bend  is  formed  at  the 
junction  of  the  hind-gut  and  allantois.  This  bend  becomes  dilated  into  a  pouch, 
which  constitutes  the  entodennal  cloaca;  into  its  dorsal  part  the  hind-gut  opens, 
and  from  its  ventral  part  the  allantois  passes  forward.  At  a  later  stage  the  Wolffian 
and  Mullerian  ducts  open  into  its  ventral  portion.    The  cloaca  is,  for  a  time,  shut 
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off  from  the  anterior  by  a  membrane,  the  cloacal  membrane,  formed  by  the  apposi- 
tion of  the  ectoderm  and  entoderm,  and  reaching,  at  first,  as  far  forward  as  the 
future  umbilicus.  Behind  the  umbilicus,  however,  the  mesoderm  subsequently 
extends  to  form  the  lower  part  of  the  abdominal  wall  and  symphysis  pubis.  By 
the  growth  of  the  surrounding  tissues  the  cloacal  membrane  comes  to  lie  at  the 
bottom  of  a  depression,  which  is  lined  by  ectoderm  and  named  the  ectodermal 
cloaca  (Fig.  200). 

The  entodermal  cloaca  is  divided  into  a  dorsal  and  a  ventral  part  by  means  of  a 
partition,  the  urorectal  septum  (Fig.  201),  which  grows  downward  from  the  ridge 
separating  the  allantoic  from  the  cloaca!  opening  of  the  intestine  and  ultimately 
fuses  with  the  cloacal  membrane  and  divides  it  into  an  anal  and  a  urogenital  part. 
The  dorsal  part  of  the  cloaca  forms  the  rectum,  and  the  anterior  part  of  the  uro- 
genital sinus  and  bladder.  For  a  time  a  communication  named  the  cloacal  dact 
exists  between  the  two  parts  of  the  cloaca  below  the  urorectal  septum;  this  duct 
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occasionally  persists  as  a  passage  between  the  rectum  and  urethra.     The  anal 
caoal  is  formed  by  an  invagination  of  the  ectoderm  behind  the  urorectal  septum. 
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This  invagination  is  termed  the  pioctodtBiim,  and  it  meets  with  the  entoderm  of  the 
hind-gut  and  forms  with  it  the  anal  membrane.  By  the  absorption  of  this  membrane 
the  anal  canal  becomes  continuous  with  the  rectum  (Fig.  202).  A  small  part  of  the 
hind-gut  projects  backward  beyond  the  anal  membrane;  it  is  named  the  po8t-anal 
lut  (Fig.  200),  and  usually  becomes  obliterated  and  disappears.* 

The  Liver. — The  liver  arises  in  the  form  of  a  diverticulum  or  hollow  outgrowth 
from  the  ventral  surface  of  that  portion  of  the  gut  which  afterward  becomes  the 
descending  part  of  the  duodenum  (Figs,  191,  203).  This  diverticulum  is  lined  by 
entoderm,  and  grows  upward  and  forward  into  the  septum  transversum,  a  mass 
of  mesoderm  between  the  vitelline  duct  and  the  pericardial  cavity,  and  there  gives 
off  two  solid  buds  of  celb  which  represent  the  right  and  the  left  lobes  of  the  liver. 
The  solid  buds  of  cells  grow  into  columns  or  cylinders,  termed  the  hepatic  cylinders, 
which  branch  and  anastomose  to  form  a  close  meshwork.  This  network  invades 
the  vitelline  and  umbilical  veins,  and  breaks  up  these  vessels  into  a  series  of  capil- 
lary-like vessels  termed  sinusOidB  (Minot),  whichramify  in  the  meshes  of  the  cellular 
network  and  ultimately  form  the  venous  capillaries  of  the  liver.    By  the  continued 
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growth  and  ramification  of  the  hepatic  cylinders  the  mass  of  the  liver  is  graduallj- 
formed.  The  original  diverticulum  from  the  duodenum  forms  the  common  bile- 
duct,  and  from  this  the  cystic  duct  and  gall-bladder  arise  as  a  solid  outgrowth  which 
later  acquires  a  lumen.  The  opening  of  the  common  duct  is  at  first  in  the  ventral 
wall  of  the  duodenum ;  later,  owing  to  the  rotation  of  the  gut,  the  opening  is  carried 
to  the  left  and  then  dorsalward  to  the  position  it  occupies  in  the  adult. 

As  the  liver  undergoes  enlargement,  both  it  and  the  ventral  mesogastrium  of 
the  fore-gut  are  gradually  differentiated  from  the  septum  transversum;  and  from 
the  under  surface  of  the  latter  the  liver  projects  downward  into  the  abdominal 
cavity.  By  the  growth  of  the  liver  the  ventral  mesogastrium  is  divided  into  two 
parts,  of  which  the  anterior  forms  the  falciform  and  coronary  ligaments,  and  the 
posterior  the  lesser  omentum.  About  the  third  month  the  liver  almost  fills  the 
abdominal  cavity,  and  its  left  lobe  is  nearly  as  large  as  its  right.    From  this  period 

'  Consult,  in  this  connection,  the  roUowing  articlcr     "A  Contr 
Epuitnl  TfBCL,"  by  D.  Berry  H»n,  M.D..  FTr.C.P.E.,  JourmiJ  of 
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the  relative  development  of  the  liver  13  less  active,  more  especiallj-'  that  of  the  left 
lobe,  which  actually  undergoes  some  degeneration  and  becomes  smaller  than  the 
right;  but  up  to  the  end  of  fetal  life  the  liver  remains  relatively  larger  than  in 
the  adult. 

The  Pancreas  (Figs.  204,  205). — The  pancreas  is  developed  in  two  parts,  a 
dorsal  and  a  ventral.  The  former  arises  as  a  diverticulum  from  the  dorsal  aspect 
of  the  duodenum  a  short  distance  above  the  hepatic  diverticulum,  and,  growing 
upward  and  backward  into  the  dorsal  mesogastrium,  forms  a  part  of  the  head  and 
uncinate  process  and  the  whole  of  the  body  and  tail  of  the  pancreas.    The  ventral 

ancrtatie  duct 
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Fig.  204.— Pancraa  of  ■  bumsD  smbiyo  oC  five  Fia.  206— PancRikB  of  k  humui  embryo  at  end  of 

malu.     (Konmann.)  siith  week.     (KollmBnn.) 

part  appears  in  the  form  of  a  diverticulum  from  the  primitive  bile-duct  and  forms 
the  remainder  of  the  head  and  uncinate  process  of  the  pancreas.  The  duct  of  the 
(torsal  part  (accessory  pancreatic  duct)  therefore  opens  independently  into  the 
duodenum,  while  that  of  the  ventral  part  (pancreatic  duct)  opens  with  the  common 
bile-duct.  About  the  sixth  week  the  two  parts  of  the  pancreas  meet  and  fuse 
and  a  communication  is  established  between  their  ducts.  After  this  has  occurred 
the  terminal  part  of  the  accessory  duct,  i.  e.,  the  part  between  the  duodenum  and 
the  point  of  meeting  of  the  two  duets,  undergoes  little  or  no  enlargement,  while 
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the  pancreatic  duct  increases,  in  size  and  forms,  the  main  duct  of  the  gland.  The 
opening  of  the  accessory  duct  into  the  duodenum  is  sometimes  obliterated,  and 
even  when  it  remains  patent  it  is  probable  that  the  whole  of  the  pancreatic  secretion 
is  conveyed  through  the  pancreatic  duct. 

At  first  the  pancreas  is  directed  upward  and  backward  between  the  two  layers 
of  the  dorsal  mesogastrium,  which  give  to  it  a  complete  peritoneal  investment, 
ind  its  surfaces  look  to  the  right  and  left.  With  the  change  in  the  position  of  the 
stomach  the  dorsal  mest^astrium  is  drawn  downward  and  to  the  left,  and  the  right 
side  of  the  pancreas  is  directed  backward  and  the  left  forward  (Fig.  206).    The 


EMBRYOLOGY 


right  surface  becomes  applied  to  the  posterior  abdominal  wall,  and  the  peritoneum 
which  covered  it  undergoes  absorption  (Fig,  207) ;  and  thus,  in  the  adult,  the  gland 
appears  to  He  behind  the  peritoneal  cavity. 


Fia.  207.— S«stioD  through  ume  region  u  in  Fig.  206.  at  and  of  third  monili.     (Toldt.) 

The  Spleen  (Fig.  194)  .^Although  the  spleen  belongs  to  the  group  of  ductless 
glands,  its  development  maj'  be  conveniently  referred  to  here.  It  appears  about 
the  fifth  week  as  a  localized  thickening  of  the  mesoderm  in  the  dorsal  mesogastrium 
above  the  tail  of  the  pancreas.  With  the  change  in  position  of  the  stomach  the 
spleen  is  carried  to  the  left,  and  comes  to  lie  behind  the  stomach  and  in  contact 
with  the  left  kidney.  The  part  of  the  dorsal  mesogastrium  which  intervened 
between  the  spleen  and  the  greater  curvature  of  the  stomach  forms  the  gastro- 
splenic  ligament. 
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Fio.  30S.— The  head  and  neck  of  a  huniui  embrvo  thirty-tiro  days  old.  s«a  Iroip  the  ventral  aurface.    The  floor  of 

The  Respintoi?  Organs. — The  rudiment  of  the  respiratory  organs  appear 
as  a  median  longitudinal  groove  in  the  ventral  wall  of  the  pharynx.  The  groove 
deepens  and  its  lips  fuse  to  form  a  septum  which  grows  from  below  upward  and 
converts  the  groove  into  a  tube,  the  larTHfo-tracheal  tube  (Fig.  208),  the  cephalic 
end  of  which  opens  into  the  pharynx  by  a  slit-like  aperture  formed  by  the  persistent 
anterior  part  of  the  groove.  The  tube  is  lined  by  entoderm  from  which  the  epithe- 
lial lining  of  the  respiratory  tract  is  developed.    The  cephalic  part  of  the  tube 
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becomes  the  lar7.'nx,  and  its  next  succeeding  part  the  trachea,  while  from  its  caudal 
end  two  lateral  outgrowths,  the  right  and  left  Ixag  bads,  arise,  and  from  them  the 
bronchi  and  lungs  are  developed.  The  first  rudiment  of  the  larynx  consists  of  two 
iirtaiioid  BvelluifB,  which  appear.one  on  either  side  of  the  cephalic  end  of  the  laryngo- 
tracheal groove,  and  are  continuous  in  front  of  the  groove  with  a  transverse  ridge 
(tnrcnU  of  Bis)  which  lies  between  the  ventral  ends  of  the  third  branchial  arches 
and  from  which  the  epiglottis  is  subsequently  developed  (Figs.  187,  188).  After 
the  separation  of  the  trachea  from  the  oesophagus,  the  arytenoid  swellings  come 
into  contact  with  one  another  and  with  the  back  of  the  epiglottis,  and  the  entrance 
to  the  larynx  assumes  the  form  of  a  T-shaped  cleft,  the  margins  of  the  cleft  adhere 
to  one  another  and  the  laryngeal  entrance  is  for  a  time  occluded.  The  mesodermal 
wall  of  the  tube  becomes  condensed  to  form  the  cartilages  of  the  larynx  and  trachea. 
The  arjiienoid  swellings  are  differentiated  into  the  arytenoid  and  comiculate  car- 
tilages, and  the  folds  joining  them  to  the  epiglottis  form  the  aryepiglottic  folds 
Id  which  the  cuneiform  cartilages  are  developed  as  derivatives  of  the  epiglottis. 
The  thyroid  cartilage  appears  as  two  lateral  plates,  each  chondrified  from  two 
rentres  and  united  in  the  mid-ventral  line  by  membrane  in  which  an  additional 
centre  of  chondrification  develops.  The  cricoid  cartilage  arises  from  two  cartil- 
aginous centres,  which  soon  tmite  ventrally  and  gradually  extend  and  ultimately 
fuse  on  the  dorsal  aspect  of  the  tube. 

J.  Ernest  Frazer'  has  mode  an  important  inveatigatioD  on  the  development  of  the  larynx, 
ud  the  following  are  hia  main  conclusions: 

The  opening  of  the  pulmonary  diverticulum  lies  between  the  two  fifth  arch  masses  and  behind 
1  "unt»l  mass"  in  the  middle  line — the  proximal  end  of  the  diverticulum  is  compressed  between 
tbe fifth  arch  maasee.  The  fifth  arch  is  joined  by  the  fourth  to  form  a  "lateral  maaa"  on  each 
ait  of  the  opsiing,  and  these  ' '  lateral  masses"  grow  forward  and  overlap  the  central  mass  and 
a>  form  a  secondary  transverse  cavity,  which  is  really  a  part  of  the  cavity  of  the  pharynx.  The 
tTo  parts  of  the  cavity  of  the  larynx  are  s^arated  in  the  adult  by  a  line  drawn  back  along  the 
TDCai  fold  and  then  upward  along  the  border  of  the  aiytenoid  eminence  to  the  interarytenoid 
Dotch,  The  arytenoid  and  cricoid  are  developed  in  the  fifth  arch  mass.  The  thyroid  is  primarily 
•  fourth  arch  derivative,  and  if  it  has  a  fifth  arch  element  this  is  a  later  addition.  The  epiglottis 
iadoived  from  the  "central  mass,"  and  has  a  third  arch  element  in  its  oral  and  upper  aspect; 
the  arch  value  of  the  "central  mass"  is  doubtful. 
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The  right  and  left  lung  buds  grow  out  behind  the  ducts  of  Cuvier,  and  are  at 
first  symmetrical,  but  their  ends  soon  become  lobulated,  three  lobules  appearing 
on  the  right,  and  two  on  the  left;  these  subdivisions  are  the  early  indications  of  the 
corresponding  lobes  of  the  lungs  (Figs.  209,  210).  The  buds  undergo  further  sub- 
division and  ramification,  and  ultimately  end  in  minute  expanded  extremities — 
the  infundibula  of  the  lung.  After  the  sixth  month  the  air-sacs  begin  to  make  their 
appearance  on  the  infundibula  in  the  form  of  minute  pouches.  The  pulmonary 
arteries  are  derived  from  the  sixth  aortic  arches.  During  the  course  of  their 
development  the  lungs  migrate  in  a  caudal  direction,  so  that  by  the  time  of  birth 
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the  bifurcation  of  the  trachea  is  opposite  the  fourth  thoracic  vertebra.  As  the 
lungs  grow  they  project  into  that  part  of  the  ccelom  which  will  ultimately  form  the 
pleural  cavities,  and  the  superficial  layer  of  the  mesoderm  enveloping  the  lung 
rudiment  expands  on  the  growing  limg  and  is  converted  into  the  pulmonary  pleura. 


DEVELOPMENT  OF  THE  BODY  CAVITIES. 

In  the  human  embryo  described  by  Peters  the  mesoderm  outside  the  embryonic 
disk  is  split  into  two  layers  enclosing  an  extra-embryonic  ccelom;  there  is  no  trace 
of  an  intra-embryonie  ccelom.  At  a  later  stage  four  cavities  are  formed  within  the 
embryo,  viz.,  one  on  either  side  within  the  mesoderm  of  the  pericardial  area,  and 
one  in  either  lateral  mass  of  the  general  mesoderm.  All  these  are  at  first  independent 
of  each  other  and  of  the  extra-embryonic  ccelom,  but  later  they  become  continuous. 
The  two  cavities  in  the  general  mesoderm  unite  on  the  ventral  aspect  of  the  gut 
and  form  the  pleuro-peritoneal  cavity,  which  becomes  continuous  with  the  remains 
of  the  extra-embryonic  ccelom  around  the  umbilicus;  the  two  cavities  in  the  peri- 
cardial area  rapidly  join  to  form  a  single  pericardial  cavity,  and  from  this  two.  lateral 
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diverticula  extend  caudalward  to  open  into  the  pleuro-peritoneal  cavity  (Fig.  211). 
Between  the  two  latter  diverticula  is  a  mass  of  mesoderm  containing  the  ducts 
of  Cuvier,  and  this  is  continuous  ventrally  with  the  mesoderm  in  which  the  umbili- 
cal veins  are  passing  to  the  sinus  venosus,  A  septum  of  mesoderm  thus  extends 
across  the  body  of  the  embrjo.  It  is  attached  in  front  to  the  body-wall  between 
the  pericardium  and  umbilicus;  behind  to  the  body-wall  at  the  level  of  the  secon<l 
cervical  segment;  laterally  it  is  deficient  where  the  pericardial  and  pleuro-peri- 
toneal cavities  communicate,  while  it  is  perforated  in  the  middle  line  by  the  fore- 
gut.  This  partition  is  termed  the  septnm  transrersnm,  and  is  at  first  a  bulk>'  plate 
of  tissue.  As  development  proceeds  the  dorsal  end  of  the  septum  is  carried  grad- 
ually caudalward,  and  when  it  reaches  the  fifth  cervical  segment  muscular  tissue 
with  the  phrenic  nerve  grow  into  it.  It  continues  to  recede,  however,  until  it 
reaches  the  position  of  the  adult  Diaphragma  on  the  bodies  of  the  upper  lumbar 
vertebras.  As  already  described  (page  174),  the  liver  buds  grow  into  the  septum 
transversum  and   undergo  development  there. 

The  lung  buds  meantime  have  grown  out  from  the  fore-gut,  and  project  laterall\' 
into  the  forepart  of  the  pleuro-peritoneal  cavity;  the  de\eloping  stomach  and  liver 
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are  imbedded  in  tKe  septum  transveraum;  caudal  to  this  the  intestines  project  into 
the  hack  part  of  the  pleuro-peritoneal  cavity  {Fig.  212).  Owing  to  the  descent  of 
the  dorsal   end   of  the  septum  transversum  the  iung  buds  come  to  lie  above  the 
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(From  model  by  Piper.) 


septum  and  thus  pleural  and  peritoneal  portions  of  the  pleuro-peritoneal  cavity 
istill,  however,  in  free  communication  with  one  another)  may  be  recognized;  the 
pericardial  cavity  opens  into  the  pleural  part. 

The  ultimate  separation  of  the  permanent  cavities  from  one  another  is  effected 
by  the  growth  of  a  ridge  of  tissue  on  either  side  from  the  mesoderm  surrounding 


the  duct  of  Cuvier  (Figs.  211,  212).  The  front  part  of  this  ridge  grows  across  and 
obliterates  the  pleuro-pericardial  opening;  the  hinder  part  grows  across  the  pleuro- 
peritoneal  opening. 
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With  the  continued  growth  of  the  lungs  the  pleural  cavities  are  pushed  forward 
in  the  body-wall  toward  the  ventral  median  line,  thus  separatii^  4e  pericardium 
from  the  lateral  thoracic  walls  {Fig.  213).  The  further  development  of  the  peritoneal 
cavity  has  been  described  with  the  development  of  the  digestive  tube  (page  168 
et  aeq.). 
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DEVELOPMENT  OF  THE  UBINABT  AND  QENERATIVE  ORGANS. 

The  urinary  and  generative  organs  are  developed  from  the  intermediate  cell- 
mass  which  is  situated  between  the  primitive  segments  and  the  lateral  plates  of 
mesoderm.  The  permanent  organs  of  the  adult  are  preceded  by  a  set  of  structures 
which  are  purely  embryonic,  and  which  with  the  exception  of  the  ducts  disappear 
almost  entirely  before  the  end  of  fetal  life.  These  embryonic  structures  are  on 
either  side;  the  pronephros,  the  mesonsphros,  the  metanephros,  and  the  Wolffian  and 
HtUlerian  ducts.  The  pronephros  disappears  very  early;  the  structiu-al  elements 
of  the  mesonephros  mostly  degenerate,  but  in  their  place  is  developed  the  genital 
gland  in  association  with  which  the  Wolffian  duct  remains  as  the  duct  of  the  male 
genital  gland,  the  Mulierian  as  that  of  the  female;  some  of  the  tubules  of  the 
metanephros  form  part  of  the  permanent  kidney. 

The  Pronephros  and  Wolffian  Duct. — In  the  outer  part  of  the  intermediate 
cell-mass,  immediately  under  the  ectoderm,  in  the  region  from  the  fifth  cervical  to 
the  third  thoracic  segments,  a  series  of  short  evaginatlons  from  each  segment  grow 
dorsalward  and  extend  caudalward,  fusing  successively  from  before  backward  to 
form  the  pionflphric  duct.  This  continues  to  grow  caudalward  until  it  opens  into 
the  ventral  part  of  the  cloaca;  beyond  the  pronephros  it  is  termed  the  Wolffian  dnct. 

The  original  evaginations  form  a  series  of  transverse  tubules  each  of  which  com- 
municates by  means  of  a  funnel-shaped  ciliated  opening  with  the  ccelomic  cavity, 
and  in  the  course  of  each  duct  a  glomerulus  also  is  developed.  Secondary  glo- 
meruli are  formed  ventral  to  each  of  the  others,  and  the  complete  group  constitutes 
the  pronephros.    The  pronephros  undergoes  rapid  atrophy  and  disappears. 

The  Mesonephros,  Mulierian  Dnct,  and  Oenital  Gland. — On  the  medial  side  of 
the  Wolffian  duct,  from  the  sixth  cervical  to  the  third  lumbar  segments,  a  series 
of  tubules,  the  Wolffian  tubules  (Fig.  215),  is  developed;  at  a  later  stage  in  develop- 
ment they  increase  in  number  by  outgrowths  from  the  original  tubules.  These 
tubules  first  appear  as  solid  masses  of  cells,  which  later  become  hollowed  in  the 
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centre;  one  end  grows  toward  and  Bnally  opens  into  the  Wolffian  duct,  the  other 
dilates  and  is  invaginated  by  a  tuft  of  capillary  bloodvessels  to  form  a  glomerulus. 
The  tubules  collectively  constitute  the  mesonflphros  or  Wolffian  body  (Figa.  195, 
216).  By  the  fifth  or  sixth  week  this  body  forms  an  elongated  spindle-shaped 
stnicture,  termed  the  nrogenital  fold  (Fig.  215),  which  projects  into  the  ccelomic 
cavity  at  the  side  of  the  dorsal  mesentery,  reaching  from  the  septum  transversum 
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Fia.  216. — BMlion  of  the  uroBsnital  told  of  t.  chick  embryo  ol  the  fourth  day,     (Wildeyer.) 

in  front  to  the  fifth  lumbar  segment  behind ;  in  this  fold  the  reproductive  glands  are 
developed.  The  Wolffian  bodies  persist  and  form  the  permanent  kidneys  in  fishes 
and  amphibians,  but  in  reptiles,  birds,  and  mammals,  they  atrophy  and  for  the 
most  part  disappear  coincidently  with  the  development  of  the  permanent  kidneys. 
The  atrophy  begins  during  the  sixth  or  seventh  week  and  rapidly  proceeds,  so  that 
by  the  beginning  of  the  fifth  month  only  the  ducts  and  a  few  of  the  tubules  remain. 

In  the  male  the  Wolffian  duct  persists, 
and  forms  the  tube  of  the  epididymis,  the  * 

ductus  deferens  and  the  ejaculatory  duct, 
B-hile  the  seminal  vesicle  arises  during  the 
third  month  as  a  lateral  diverticulum  from 
its  hinder  end.  A  large  part  of  the  head 
end  of  the  mesonephros  atrophies  and  dis- 
appears; of  the  remainder  the  anterior 
tubules   form   the    efferent    ducts    of  the       „  ^  .       .    . 

.     ,-  v-i        ii_  ,      .  ill  P'"-  218— Enlarged  view  [rom  the  front  of  the 

testis;      while      the      posterior      tubules     are      left  WolSu  body  before  the  eBUblbhment  of  the 

represented    by    the    ductuli    aberrantes,    ^"°^"d°TSi^ur  ^°c?uT^™'th'^'*wo^m^'iUl: 
and  by  the  paradidymis,  which  is  some-    mtSS."  "^t  tbi  oi^ni'£j'«"ur'1'^Thrd!lrt 
times    found    in  front  of  the  spermatic    t  uS"S^'ind'te"r^n;tiSiTthe^8n^tS"^™. 
cord  above  the  head  of  the  epididymis    '■  t"""  »™"'^  "i"""' 
(Fig.  219,  C). 

In  the  female  the  Wolffian  bodies  and  ducts  atrophy.  The  remains  of  the 
Wolffian  tubules  are  represented  by  the  epoSphoron  or  organ  of  Rosenmiltler,  and 
the  paroSpboron,  two  small  collections  of  rudimentary  blind  tubules  which  are 
situated  in  the   mesosalpinx  (Fig.  217).    The  lower  part  of  the  Wolffian  duct 
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disappears,  while  the  upper  part  persists  as  the  longitudinal  duct  of  the  epodphoroii 
or  duct  of  OSrtner'  (Fig.  219,  B). 

The  MfUleriui  Ducts. — Shortly  after  the  formation  of  the  Wolffian  ducts  a 
second  pair  of  ducts  is  developed;  these  are  named  the  MiiUeriAn  dacts.  Each 
arises  on  the  lateral  aspect  of  the  corresponding  Wolffian  duct  as  a  tubular  inva- 
gination of  the  cells  lining  the  ctElom  (Fig.  215).    The  orifice  of  the  invagination 


Fio.  217. — Bnwd  licamcnt  of  edult.  ahoiring  epofipharon.    (From  Fstre.  sfUr  Kobelt.)    a.  a.  Epoapbaroti  (ormrd 

Kt  o[  tub«.    J]  Some  lower  ilroTihied  tubes,    c.  Atrophied  remuoB  irf  the  Wolffian  duel.    /,  The  lermiiial  bulb  oi 
hydatid.    A.  The  ulenne  tube,  onsinslly  the  duct  of  Mailer,    i.  Appendix  attached  (o  the  utremity.    1.  The  ovary. 

remains  patent,  and  undergoes  enlargement  and  modification  to  form  the  abdomi- 
nal ostium  of  the  uterine  tube.  The  ducts  pass  backward  lateral  to  the  Wolffian 
ducts,  but  toward  the  posterior  end  of  the  embryo  they  cross  to  the  medial  side 
of  these  ducts,  and  thus  come  to  lie  side  by  side  between  and  behind  the  latter — 
the  four  ducts  forming  what  is  termed  the  Kflnital  cord  (Fig.  218).  The  Miillerian 
ducts  end  in  an  epithelial  elevation,  the  HiUleiiaii  eminence,  on  the  ventral  part  of 
the  cloaca  between  the  orifices  of  the  Wolffian 
Msilerian  dveit  ducts;  at  a  later  date  they  open  into  the  cloaca 

in  this  situation. 

In  the  male  the  Miillerian  ducts  atrophy, 
but  traces  of  their  anterior  ends  are  repre- 
sented by  the  iqipendkes  testis  (hydatids  of 
Morgagni),  while  their  terminal  fused  portions 
form  the  utriculus  in  the  floor  of  the  prostatic 
portion  of  the  urethra  {Fig.  219,  C). 
ItatU\  In  the  female  the  Miillerian  ducts  persist 

"*'"'  and  undergo  further  development.    The  por- 

tions which  lie  in  the  genital  core  fuse  to  form 
the  uterus  and  vagina;  the  parts  in  front  of 
this   cord    remain  separate,  and    each    forms 
the  corresponding  uterine  tube — the  abdomi- 
Fio.  213.— L'rogenitai  liDua  of  female  human     nal  ostium  of  which   is  developed   from  the 
(From  modeFby'Keibei)' '  "*  """  "«  <  o  ■     anterior  extremity  of  the  original  tubular  in- 
vagination from  the  coelom  {Fig,  219,  B).    The 
fusion  of  the  Miillerian  ducts  begins  in  the  third  month,  and  the  septum  formed 
by  their  fused  medial  walls  disappears  from  below  upward,  and  thus  the  cavities 
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^^min-  with  the  dotted  Iiobb  above,  indi- 
mrf  the  direction  in  which  the  tentia  and 
nK&fj-niB  dewcnd  from  the  abdomen  into 
fsruium.  nJ.  Ductus,  deferena.  th.  Ductua 

■■^iwrd  remsiiu  of  the  Wolffian  body,  con- 
viiiuar  Ok  otsan  o/  Giralaes.  or  the  pars- 
(Uvniri  of  tral3e>-er. 
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of  the  vagina  and  uterus  are  produced.  About  the  fifth  month  an  annular  con- 
striction marks  the  position  of  the  neck  of  the  uterus,  and  after  the  sixth  month 
the  walls  of  the  uterus  begin  to  thicken.  For  a  time  the  vagina  is  represented  by  a 
solid  rod  of  epithelial  cells.  A  ring-like  outgrowth  of  this  epithelium  occurs  at 
the  lower  end  of  the  uterus  and  marks  the  future  vaginal  fornices;  about  the  fifth 
or  sixth  month  the  lumen  of  the  vagina  is  produced  by  the  breaking  down  of  the 
central  cells  of  the  epithelium.  The  hymen  represents  the  remains  of  the  MuUerian 
eminence. 

Geoital  Olands. — The  first  appearance  of  the  genital  gland  is  essentially  the 
same  in  the  two  sexes,  and  consists  in  a  thickening  of  the  epitheltaj  layer  which 
lines  the  peritoneal  cavity  on  the  medial  side  of  the  urogenital  fold  (Fig.  215). 
The  thick  plate  of  epithelium  extends  deeply,  pushing  before  it  the  mesoderm  and 
forming  a  distinct  projection.  This  is  termed  the  genital  ridge  (Fig.  215),  and  from 
it  the  testis  in  the  male  and  the  ovary  in  the  female  are  developed.  At  first  the 
mesonephros  and  genital  ridge  are  suspended  by  a  common  mesentery,  but  aa  the 
embryo  grows  the  genital  ridge  gradually  becomes  pinched  off  from  the  mesone- 
phros, with  which  it  is  at  first  continuous, 
jf  though  it  still  remams  connected  to  the 

naitr  remnant  of  this  body  by  a  fold  of  peri- 

Vsyiin  Mitbiuaipitiaiu  toneum,  the  megorchium  or  mflsovariom 

(Fig.  220).     About  the  seventh  week  the 
apbuii  ganglion  distinction  of  sex  in  the  genital   ridge 

begins  to  be  perceptible. 
SotBchi^  The  Ovaiy. — The  ovary,  thus  formed 

^to^T^™  from  the  genital  ridge,  is  at  first  a  mass 
OommenUiacartiry  of  cclls  dcHved  ffom  the  ccelomic  epi- 
MMo^Kum  thelium;  later  the  mass  is  differentiated 

fniMKiu!  ''*'■''  *  central  part  or  medulla  (Fig.  221) 

covered  by  a  surface  layer,  the  {erminal 
epithelium.     Between  the  cells  of  the 
Bladder  germinal  epithelium  a  number  of  larger 

D-mbaitai  artirv  cclls,  the  primitivfl  ova,  are  found,  and 

these    are    carried    into    the   subjacent 
stroma  by   bud-like  ingrowths   (Kenital 
cords)  of  the  germinal  epithelium  (Fig. 
•■MtiaDoCbuRunsDibiyoeichtud    222),    Tfac  surfacc  cpithelium  ultimately 
u  old.  (From  modal  by  Keftii.)       forms  the  permanent  epithelial  covering 
of  this  organ;  it  soon  loses  its  connection 
with  the  central  mass,  and  a  tunica  albuginea  develops  between  them.    The  ova 
are  chiefly  derived  from  the  cells  of  the  central  mass;  these  are  separated  from 
one  another  by  the  growth  of  connective  tissue  in  an  irregular  manner;  each  ovum 
assumes  a  covering  of  connective  tissue  (follicle)  cells,  and  in  this  way  the  rudi- 
ments of  the  ovarian  follicles  are  formed  (Fig.  222),    According  to  Beard  the  primi- 
tive ova  are  early  set  apart  during  the  segmentation  of  the  ovum  and  migrate  into 
the  germinal  ridge. 

Waldeyer  taught  that  the  primitive  germ  cells  are  derived  from  the  "germiDol  ^ithelium," 
covering  the  Kenitai  ridge.  Bettrd,'  on  the  other  hand,  maintaina  that  in  the  skate  they  are  not 
derived  from  this  epitheUum,  but  are  probably  formed  during  the  later  stages  of  cell  cleavage, 
before  there  is  any  trace  of  an  embryo;  and  a  similar  view  was  advanced  by  Nussbaum  aa  to  their 
origin  in  amphibia.  Beard  says:  "At  the  close  of  segmentation  many  of  the  future  germ  cells 
lie  in  the  segmentation  cavity  just  beneath  the  site  of  the  future  embiyo,  and  there  is  no  doubt 
they  subsequently  wander  into  it."    The  germ  cells,  "after  they  enter  the  resting  phase,  are 

'JoumaJ  of  Aoaiopiy  and  Pbysiolog^.  vol.  mviii 
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sh&ipty  marked  oS  from  the  cells  of  the  embryo  by  entire  absence  of  mitoecfi  among  them." 
They  caa  be  further  rect^cniied  by  their  irregular  form  and  amceboid  proceaaei,  and  by  the  tact 


Fla   221-' — LanftitudinAl  aecdoti  of  ov&ry  at  cat  «mbi>'D  of  9A  ceq,  Ic 

that  their  cytopl&sm  has  no  alGaily  for  ordinary  stains,  but  aasumes  a  brownish  tinge  when  treated 
bjr  osmic  acid.  The  path  atocg  which  they  travel  into  the  embryo  is  a  very  definite  one,  via,, 
"from  the  yoUc  sac  upward  between  the  splanchnopleure  and  gut  in  the  hinder  portion  of  the 


Blood-vttatl 
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embryo."    This  pathway,  named  by  Beard  the  fsnnioal  pftth,  "leads  them  directly  to  the  posi- 
tion which  they  ought  finally  to  take  up  in  the  'germinal  ridge'  or  nidus."    A  considerable  number 
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apparently  never  reach  their  proper  destination,  since  "vagrant  germ  cells  are  found  in  &11  sorts 
ot  places,  but  more  particularly  on  the  mesentery."  Some  of  these  may  possibly  find  their  way 
into  the  germinal  ridge;  some  probably  undergo  atrophy,  while  others  may  persist  and  become 
the  seat  of  dermoid  tumors. 

The  Testis. ^The  testis  is  developed  in  much  the  same  way  as  the  ovarj'.  Like 
the  ovary,  in  its  earliest  stages  it  consists  of  a  central  mass  of  epithelium  covered 
by  a  surface  epithelium.  In  the  central  mass  a  series  of  cords  appear  (Fig.  223), 
and  the  periphery  of  the  mass  is  converted  into  the  tunica  albuginea,  thus  excluding 
the  surface  epithelium  from  any  part  in  the  formation  of  the  tissue  of  the  testis. 
The  cords  of  the  central  mass  run  together  toward  the  future  hilus  and  form  a 
network  which  ultimately  becomes  the  rete  testis.  From  the  cords  the  seminiferous 
tubules  are  developed,  and  between  them  connective  tissue  septa  extend.  The 
seminiferous  tubules  become  connected  with  outgrowths  from  the  Wolffian  bod.\', 
which,  as  before  mentioned,  form  the  efferent  ducts  of  the  testis. 

Descent  of  the  Testes. — ^The  testes,  at  an  early  period  of  fetal  life,  are  placed 
at  the  back  part  of  the  abdominal  cavity,  behind  the  peritoneum,  and  each  is 
attached  by   a   peritoneal  fold,  the 
Epiih^ium  mesorchium,    to    the    mesonephros. 

Tunica  From  the  front  of  the  mesonephros 

HitujiWo  iTderttitial      a  fold    of  peritoneum    termed    the 

<*"  mpiinal  lold  grows  forward  to  meet 

and  fuse  with  a  peritoneal  fold, 
the  inKoinal  crest,  which  grows 
backward  from  the  antero-lateral 
abdominal  wall.  The  testis  thus  ac- 
Sapporting  g   ^-j      ■    quires  an  indirect  connection   with 

ceU  ^11  the  anterior  abdominal  wall;  and  at 

the  same  time  a  portion  of  the  peri- 
toneal cavity   lateral  to  these  fused 
folds   is   marked   off  as   the   future 
SRCcus    vaginalis.      In  the  inguinal 
crest  a  peculiar  structure,  the  guber- 
naculnm  testis,  makes  its  appearance. 
This  is  at  first  a  slender  band,  ex- 
tending from  that  part  of  the  skin 
"'"■  ^^■■;^°r^oiS^m^lSiS.'TF^u»iSdBShf«o  '  ''"™'     of  the  groin  which  afterward  forms 
the    scrotum   through   thg  inguinal 
canal  to  the  body  and  epididymis  of  the  testis.    As  development  advances,  the 
peritoneum  enclosing  the  gubemaculum  forms  two  folds,  one  above  the  testis 
and  the  other  below  it.    The  one  above  the  testis  is  the  plica  vascularis,  and  con- 
tains ultimately  the  internal  spermatic  vessels;  the  one  below,  the  plica  guber- 
natrix,  contains  the  lower  part  of  the  gubemaculum,  which  has  now  grown  into 
a  thick  cord;  it  ends  below  at  the  abdominal  inguinal  ring  in  a  tube  of  peritoneum, 
the  saccus  vaginalis,  which  protrudes  itself  down  the  inguinal  canal.    By  the  fifth 
month  the  lower  part  of  the  gubemaculum  has  become  a  thick  cord,  while  the 
upper  part  has  disappeared.     The  lower  part  now  consists  of  a  central  core  of 
unstriped  muscle  fibre,  and  outside  this  of  a  firm  layer  of  striped  elements,  con- 
nected, behind  the  peritoneum,  with  the  abdominal  wall.  As  the  scrotum  develops, 
the  main  portion  of  the  lower  end  of  the  gubemaculum  is  carried,  with  the  skin 
to  which  it  is  attached,  to  the  bottom  of  this  pouch;  other  bands  are  carried  to 
the  medial  side  of  the  thigh  and  to  the  perineum.    The  tube  of  peritoneum  con- 
stituting the  saccus  vaginalis  projects  itself  downward  into  the  inguinal  canal, 
and  emerges  at  the  cutaneous  Inguinal  ring,  pushing  before  it  a  part  of  the  Obliquus 
internus  and  the  aponeurosis  of  the  Obliquus  externus,  which  form  respectively 
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the  Cremaster  muscle  and  the  intercrural  fascia.  It  forms  a  gradually  elongating 
pouch,  which  eventually  peaches  the  bottom  of  the  scrotum,  and  behind  this  pouch 
the  testis  is  drawn  by  the  growth  of  the  body  of  the  fetus,  for  the  gubernaeulum 
does  not  grow  commensurately  with  the  growth  of  other  parts,  and  therefore 
the  testis,  being  attached  bj'  the  gubernaeulum  to  the  bottom  of  the  scrotum, 
b  prevented  from  rising  as  the  body  grows,  and  is  drawn  first  into  the  inguinal 
canal  and  eventually  into  the  scrotum.  It  seems  certain  also  that  the  guber- 
nacular  cord  becomes  shortened  as  development  proceeds,  and  this  assists  in  caus- 
ing the  testis  to  reach  the  bottom  of  the  scrotum.  By  the  end  of  the  eighth  month 
the  testis  has  reached  the  scrotum,  preceded  by  the  saccus  vaginalis,  which  com- 
municates by  its  upper  extremity  with  the  peritoneal  cavity.  Just  before  birth 
the  upper  part  of  the  saccus  vaginalis  usually  becomes  closed,  and  this  obliteration 
extends  gradually  downward  to  within  a  short  distance  of  the  testis.  The  process 
of  peritoneum  surrounding  the  testis  is  now  entirely  cut  off  from  the  general  peri- 
toneal cavity  and  constitutes  the  tonica  TaKmalia. 

Descent  of  the  Ovaiiea. — In  the  female  there  is  also  a  gubernaeulum,  which 
effects  a  considerable  change  in  the  position  of  the  ovarj',  though  not  so  extensive 
a  change  as  in  that  of  the  testis.  The  gubernaeulum  in  the  female  lies  in  contact 
with  the  fundus  of  the  uterus  and  contracts  adhesions  to  this  organ,  and  thus 
the  ovary  is  prevented  from  descending  below  this  level.  The  part  of  the  guber- 
naeulum between  the  ovary  and  the  uterus  becomes  ultimately  the  proper  ligament 
of  the  ovary,  while  the  part  between  the  uterus  and  the  labium  majus  forms  the 
round  ligament  of  the  uterus.  A  pouch  of  peritoneum  analogous  to  the  saccus 
vaginalis  in  the  male  accompanies  it  along  the  inguinal  canal :  it  is  called  the  cuud 
of  Hack.  In  rare  cases  the  gubernaeulum  may  fail  to  contract  adhesions  to  the 
uterus,  and  then  the  ovary  descends  through  the  inguinal  canal  into  the  labium 
majus,  and  under  these  circumstances  its  position  resembles  that  of  the  testis. 


Flo.  224. — Tail  end  of  human    einbrya  tvcnty-  Fio.   225. — Tiil  end  d(  hunum  snibryo  thirty-twD 

GniomDty-iuoedm'iokl.   (From  model  by  Keibel.)  to  thirty-three  days  old.     (From  model  by  Keibel.) 

The  Metaneiihios  and  the  Permuieiit  Kidney. — The  rudiments  of  the  perma- 
nent kidneys  make  their  appearance  about  the  end  of  the  first  or  the  beginning 
of  the  second  month.  Each  kidnej-  has  a  two-fold  origin,  part  arising  from  the 
metanephros,  and  part  as  a  diverticulum  from  the  hind-end  of  the  Wolffian  duct, 
close  to  where  the  latter  opens  into  the  cloaca  (Figs.  224,  225).  The  metanephros 
arises  in  the  intermediate  cell  mass,  caudal  to  the  mesonephros,  which  it  resembles 
in  structure.  The  diverticulum  from  the  Wolffian  duct  grows  dorsalward  arid 
forward  along  the  posterior  abdominal  wall,  where  its  blind  extremity  expands 
and  subsequently  divides  into  several  buds,  which  form  the  rudiments  of  the 
pelvis  and  caiices  of  the  kidney;  by  continued  growth  and  subdivision  it  gives 
rise  to  the  collecting  tubules  of  the  kidney.  The  proximal  portion  of  the  di\er- 
ticulum  becomes   the  ureter.     The   secretory  tubules  are  developed  from   the 
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metanephros,  which  is  moulded  over  the  growing  end  of  the  diverticulum  from  the 
Wolffian  duct.  The  tubules  of  the  metanephros,  unlike  those  of  the  pronephros 
and  mesonephros,  do  not  open  into  the  Wolffian  duct.  One  end  expands  to  form 
a  glomerulus,  while  the  rest  of  the  tubule  rapidly  elongates  to  form  the  convoluted 
and  straight  tubules,  the  loops  of  Henle,  and  the  connecting  tubules;  these  last 
join  and  establish  communications 
Urettr  with   the    collecting    tubules   derived 

„a.  itom  the  ultimate  ramifications  of  the 

diverticulum  from  the  Wolffian  duct. 
The  mesoderm  around  the  tubules  be- 
comes condensed  to  form  the  connec- 
tive tissue  of  the  kidney.  The  ureter 
opens  at  first  into  the  hind-end  of  the 
Wolffian  duct;  after  the  sixth  week  it 
separates  from  the  Wolffian  duct,  and 
opens  independently  into  the  part  of 
the  cloaca  which  ultimately  becomes 
the  bladder  (Figs.  226,  227). 

The  secretory  tubules  of  the  kid- 
ney become  arranged  into  pyramidal 
masses  or  lobules,  and  the  lobulated 
condition  of  the  kidne^-s  exists  for 
some  time  after  birth,  while  traces  of 
it  may  be  found  even  in  the  adult.  The  kidney  of  the  ox  and  many  other  animals 
remains  lobulated  throughout  life. 

The  Urinary  Bladder. — The  bladder  is  formed  partly  from  the  entodermal 
cloaca  and  partly  from  the  ends  of  the  Wolffian  ducts;  the  allantois  takes  no  share 
in  its  formation.    After  the  separation  of  the  rectum  from  the  dorsal  part  of  the 
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cloaca  {p.  172),  the  ventral  part  becomes  subdivided  into  three  portions:  (1)  an 
anterior  Tesico-orethial  portion,  continuous  with  the  allantois — into  this  portion  the 
Wolffian  ducts  open;  (2)  an  intermediate  narrow  channel,  the  pelvic  portion;  and 
(3)  a  posterior  phallic  potUioi,  closed  externally  by  the  urogenital  membrane  (Fig. 
227).     The  second  and  third  parts  together  constitute  the  oiOKenital  sinos.    The 
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vesico-urethral  portion  absorbs  the  ends  of  the  Wolffian  ducts  and  the  associated 
ends  of  the  renal  diverticula,  and  these  give  rise  to  the  trigone  of  the  bladder  and 
pdjt  of  the  prostatic  urethra.  The  remainder  of  the  vesico-urethral  portion  forms 
the  body  of  the  bladder  and  part  of  the  prostatic  urethra;  its  apex  is  prolonged  to 
the  umbilicus  as  a  narrow  canal,  which  later  is  obliterated  and  becomes  the  medial 
umbilical  ligament  (uracbus). 
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The  ProsUte.^The  prostate  originally  consists  of  two  separate  portions,  each 
of  which  arises  as  a  series  of  diverticular  buds  from  the  epithelial  lining  of  the  uro- 
genital sinus  and  vesico-urethral  part  of  the  cloaca,  between  the  third  and  fourth 
months.  These  buds  become  tubular,  and  form  the  glandular  substance  of  the  two 
lobes,  which  ultimately  meet  and  fuse  behind  the  urethra  and  also  extend  on  to  its 
ventral  aspect.    The  isthmus  or  middle  lobe  is  formed  as  an  extension  of  the  lateral 
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lobes  between  the  common  ejaculatory  duets  and  the  bladder.  Skene's  ducts  in  the 
female  urethra  are  regarded  as  the  homologues  of  the  prostatic  glands. 

The  bulbo-urethral  glands  of  Cowper  in  the  male,  and  greater  vestibiilar  glands 
of  Bartholin  in  the  female,  also  arise  as  diverticula  from  the  epithelial  lining  of  the 
urogenital  sinus. 

The  External  Organs  of  Generation  (Fig.  228).— As  already  stated  (page  172), 
the  cloacal  membrane,  composed  of  ectoderm  and  entoderm,  originally  reaches  from 
the  umbilicus  to  the  tail.  The  mesoderm  extends  to  the  mid  ventral  line  for  some 
distance  behind  the  umbilicus,  and  forms  the  lower  part  of  the  abdominal  wall ; 
it  ends  below  in  a  prominent  swelling,  the  cloacal  tubercle.  Behind  this  tubercle 
the  urogenital  part  of  the  cloacal  membrane  separates  the  ingrowing  sheets  of 
mesoderm. 

The  first  rudiment  of  the  penis  (or  clitoris)  is  a  structure  termed  the  phallus;  it 
is  derived  from  the  phallic  portion  of  the  cloaca  which  has  extended  on  to  the 
end  and  sides  of  the  under  surface  of  the  cloacal  tubercle.  The  terminal  part  of 
the  phallus  representing  the  future  glans  becomes  solid;  the  remainder,  which 
is  hollow,  is  converted  into  a  longitudinal  groove  by  the  absorption  of  the 
urogenital  membrane. 

In  the  female  a  deep  groove  forms  around  the  phallus  and  separates  it  from  the 
rest  of  the  cloacal  tubercle,  which  is  now  termed  the  genital  tubercle.  The  sides  of 
the  genital  tubercle  grow  backward  as  the  genital  swellings,  which  ultimately  form 
the  labia  majora;  the  tubercle  itself  becomes  the  mons  pubis.  The  labia  minora 
arise  by  the  continued  growth  of  the  lips  of  the  groove  on  the  under  surface  of  the 
phallus;  the  remainder  of  the  phallus  forms  the  clitoris. 

In  the  male  the  early  changes  are  similar,  but  the  pelvic  portion  of  the  cloaca 
undergoes  much  greater  development,  pushing  before  it  the  phallic  portion.  The 
genital  swellings  extend  around  between  the  pelvic  portion  and  the  anus,  and  form  a 
scrotal  area;  during  the  changes  associated  with  the  descent  of  the  testes  this  area 
is  drawn  out  to  form  the  scrotal  sacs.  The  penis  is  developed  from  the  phallus. 
As  in  the  female,  the  urogenital  membrane  undergoes  absorption,  forming  a  channel 
on  the  under  surface  of  the  phallus;  this  channel  extends  only  as  far  forward  as  the 
corona  glandis. 

The  corpora  cavernosa  of  the  penis  (or  clitoris)  and  of  the  urethra  arise  from  the 
mesodermal  tissue  in  the  phallus;  they  are  at  first  dense  structures,  but  later 
vascular  spaces  appear  in  them,  and  they  gradually  become  cavernous. 

The  prepuce  in  both  sexes  is  formed  by  the  growth  of  a  solid  plate  of  ectoderm 
into  the  superficial  part  of  the  phallus;  on  coronal  section  this  plate  presents  the 
shape  of  a  horseshoe.  By  the  breaking  down  of  its  more  centrally  situated  cells 
the  plate  is  split  into  two  lamellae,  and  a  cutaneous  fold,  the  prepuce,  is  liberated 
and  forms  a  hood  over  the  glans.  "Adherent  prepuce  is  not  an  adhesion  really, 
but  a  hindered  central  desquamation"  (Berry  Hart,  op.  cit.). 

The  Urethra. — As  already  described,  in  both  sexes  the  phallic  portion  of  the 
cloaca  extends  on  to  the  under  surface  of  the  cloacal  tubercle  as  far  forward  as  the 
apex.  At  the  apex  the  walls  of  the  phallic  portion  come  together  and  fuse,  the 
lumen  is  obliterated,  and  a  solid  plate,  the  urethral  plate,  is  formed.  The  remainder 
of  the  phallic  portion  is  for  a  time  tubular,  and  then,  by  the  absorption  of  the 
urogenital  membrane,  it  establishes  a  communication  with  the  exterior;  this  open- 
ing is  the  primitive  urogenital  ostium,  and  it  extends  forward  to  the  corona  glandis. 

In  the  female  this  condition  is  largely  retained;  the  portion  of  the  groove  on  the 
clitoris  broadens  out  while  the  body  of  the  clitoris  enlarges,  and  thus  the  adult 
urethral  opening  is  situated  behind  the  base  of  the  clitoris. 

In  the  male,  by  the  greater  growth  of  the  pelvic  portion  of  the  cloaca  a  longer 
urethra  is  formed,  and  the  primitive  ostium  is  carried  fonvard  with  the  phallus, 
but  it  still  ends  at  the  corona  glandis.    Later  it  closes  from  behind  forward.    Mean- 


FORM  OF  THE  EMBRYO  AT  DIFFERENT  STAGES  OF  ITS  GROWTH    191 

vhile  the  urethral  plate  of  the  glans  breaks  down  centrally  to  form  a  median 
groove  continuous  with  the  primitive  ostium.  This  groove  also  closes  from  behind 
forward,  so  that  the  external  urethral  opening  is  shifted  forward  to  the  end  of 
the  flans. 

THE  FORM  OF  THE  EHBRTO  AT  DIFFERENT  STAQES  OF  ITS  QROWTH. 

tint  Weak. — During  this  period  the  ovum  is  in  the  uterine  tube.  Having  been  fertilized  in 
the  upper  part  ot  the  tube,  it  slowly  passes  down,  undei^ing  Begmentation,  and  reaches  th6 
uterus.  Peters'  described  a  specimen,  the  age  of  which  he  reckoned  as  from  three  to  four  days. 
It  was  imbedded  in  the  decidua  on  the  poeterior  wall  of  the  uterus  and  enveloped  by  a  decidua 
ntpsularis,  the  central  part  of  which,  however,  consisted  merely  of  a  layer  of  fibrin.  The  ovum 
vaa  in  the  form  of  a  sac,  the  outer  wall  of  which  consisted  of  a  layer  of  trophoblast;  inside  this 
was  a  thin  layer  of  mesoderm  composed  of  round,  oval,  and  spindle^haped  cells.  Numerous 
villous  processes — some  consisting  of  trophoblast  only,  others  possessing  a  core  of  mesoderm— 
projected  from  the  surface  of  the  ovum  into  the  surrounding  decidua.  Inside  this  sac  the  rudi- 
ment of  the  embryo  was  found  in  the  form  of  a  patch  of  ectoderm,  covered  by  a  small  but  com- 
pletely closed  anuioo.  It  possessed  a  minute  yolk-sac  and  was  surrounded  by  mesoderm,  which 
wae  coanected  by  a  band  to  that  lining  the  trophoblast  (Fig.  88).' 


Fia.  229.— Kunun  embryo  uliout  fifUmn  dftya  old.     (Hla.1 

Sseond  W»«k- — By  the  end  of  this  week  the  ovum  has  increased  considerably  in  si«e,  and  the 
maiority  of  its  villi  are  vascularized.  The  embryo  has  assumed  a  definite  form,  and  its  cephalic 
and  caudal  extremities  are  easily  distinguished.  The  neural  folds  are  partly  united.  The  embryo 
is  more  completely  separated  from  the  yolk-sac,  and  the  paraxial  mesoderm  is  being  divided  into 
the  primitive  segments  (Fig.  229). 

Third  Wwk. — By  the  end  of  the  third  week  the  embryo  is  strongly  curved,  and  the  primitive 
segments  number  about  thirty.  The  primary  divisions  of  the  brain  are  visible,  and  the  optic 
and  auditory  vesicles  are  formed.  Four  branchial  grooves  are  present:  the  atomodeum  is  well- 
marktd,  and  the  buccopharyngeal  membrane  has  disappeared.  The  rudiments  of  the  limbs 
art  Been  as  short  buds,  and  the  Wolffian  bodies  are  visible  (F^.  230). 

Fooith  WMk. — The  embryo  is  markedly  curved  on  itself,  and  when  viewed  in  profile  is  almost 
cirrular  in  outline.  The  cerebral  hemispheres  appear  as  hollow  buds,  and  the  elevations  which 
fonn  the  rudiments  of  the  auricula  are  visible.  The  limbs  now  appear  as  oval  flattened  projec- 
tioos  (Fig.  231). 

Fifth  W««k.— The  embryo  is  less  curved  and  the  head  is  relatively  of  large  size.  Differentiation 
ofthe  limbs  intfi  their  segments  occurs.  The  noae  forms  a  short,  flattened  projection.  Thecloacal 
tubocle  is  evident  (Fig.  232). 

'  Die  Eiabettunc  de«  menaclilKbeii  Ei«,  IS99.  ,  .  , 

'  flfjte  ud  T«Mher  lEarlu  Deielapmtnt  and  Imbedding  o/  lAi  Human  Oium.  IB08)  have  dwcnbed  an  ovum  which 

(ber  Rfsid  u  thirteen  to  [Duneen  dsys  old.    In  it  the  iwo  vesicles,  the  amoioo  and  yolk-sno,  were  prenent,  but  there 

■UDOtnaof  BL»'erof  oinbiyoDicectodern.    They  are  of  Dpinion  that  the  B«e  of  Prten' avum  hiui  been  uad»BUlMi. 

sod  enifnat«  it  ubetweeo  ihirteeo  and  ooe-lialt  and  fourteen  and  one-half  days. 
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SixSl  W«ek. — The  curvature  of  the  embryo  ia  further  diminished.     The  branchial  g 
except  the  first — have  disappeared,  and  the  rudiments  of  the  fingere  and  toes  can  be  recognized 
(Fig.  233). 

^id-brain 


Flo.  230.— Human  embiyo  betir«n  eishtssD  Mid  twsnty-oiie  dtyi  dd.     (Hii.) 

Bemith  and  Eifhfli  W««kB. — ^Tbe  fiexure  of  the  bead  ia  gradually  reduced  and  the  neck  is 
Bomewhat  lengthened.  The  upper  Up  is  completed  and  the  nose  is  more  prominent.  The  noatrilH 
are  directed  forward  and  the  palate  ia  not  completely  developed.  The  eyelids  are  present  in  the 
shape  of  folds  ^Kive  and  below  the  eye,  and  the  different  parts  of  the  am'icula  are  distinguish- 
able. By  the  end  of  the  second  month  the  fetus  measures  from  28  to  30  mm.  in  length  (Fig. 
234). 
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Fio.  231.— HuiniD  embrjo,  tncD1y-»vfn  to  thirty  dayi  old.     (His.) 

Third  Month. — The  head  is  extended  and  the  neck  is  lengthened.  The  eyelids  meet  and  fuse, 
remaining  closed  until  the  end  of  the  sixth  month.  The  limbs  are  well-developed  and  nails  appear 
on  the  digits.  The  external  generative  organs  are  so  far  differentiated  that  it  is  possible  to  dis- 
tinguiah  the  sex.  By  the  end  of  this  month  the  length  of  the  fetus  ia  about  7  cm.,  but  if  the  legs 
be  included  it  is  from  9  to  10  cm. 

Fonrth  Month. — The  loop  of  gut  which  projected  into  the  umbihcal  cord  ia  withdrawn  within 
the  fetus.  The  hairs  begin  to  make  their  appearance.  There  is  a  general  increase  in  size  so  that 
by  the  end  of  the  fourth  month  the  fetus  is  from  12  to  13  cm.  in  length,  but  if  the  1e^  be  included 
it  is  from  16  to  20  cm. 
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—It  is  during  this  month  that  the  first  movements  of  the  fetua  are  usuaJly  ob- 
served. The  eruption  of  hair  dd  the  head  commences,  aod  the  vcrnix  caeeoaa  begins  to  be  deposited. 
By  the  end  of  this  mooth  the  total  length  of  the  fetua,  JDcluding  Che  legs,  is  from  25  to  27  cm. 


Sixtli  BIODth.— The  body  is  covered  by  fine  hairs  (lanugo)  and  the  deposit  of  vemix  caaeosa 
is  considerable.  The  papilbe  of  the  skin  are  developed  and  the  free  border  ot  the  nail  projects 
from  the  corium  of  the  dermis.  Measm'ed  from  vertex  to  lieels,  the  total  length  of  the  fetus 
at  the  end  of  this  month  is  from  30  to  32  cm. 


-""-■:.;»''.  'X>*" 


Sovsnth  Hontli. — The  pupillary  membrane  atrophies  and  the  eyelids  are  open.  The  teslls 
deaceods  with  the  vaginal  sac  ot  the  peritoneum.  From  vertex  to  heels  the  total  length  at  the 
end  of  the  seventh  month  is  from  35  to  36  cm.    The  weight  is  a  little  over  three  pounds. 
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Eighth  Month. — ^The  skin  assumes  a  pink  color  and  is  how  entirely  coated  with  vemix  caseosa, 
and  the  lanugo  begins  to  disappear.  Subcutaneous  fat  has  been  developed  to  a  considerable 
extent,  and  the  fetus  presents  a  plump  appearance.  The  total  length,  i.  e.,  from  head  to  heels, 
at  the  end  of  the  eighth  month  is  about  40  cm.,  and  the  weight  varies  between  four  and  one-half 
and  five  and  one-half  pounds. 

Ninth  Month. — The  lanugo  has  largely  disappeared  from  the  trunk.  The  umbilicus  is  almost 
in  the  middle  of  the  body  and  the  testes  are  in  the  scrotum.  At  full  time  the  fetus  weighs  from 
six  and  one-half  to  eight  pounds,  and  measures  from  head  to  heels  about  50  cm. 
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T^HE  general  framework  of  the  body  is  built  up  mainly  of  a  series  of  bones, 
-^  supplemented,  however,  in  certain  regions  by  pieces  of  cartilage;  the  bony 
part  of  the  framework  constitutes  the  skeleton. 

In  comparative  anatomy  the  term  skeleton  has  a  wider  application,  since  in 
some  of  the  lower  animals  hard,  protecting  and  supporting  structures  are  developed 
in  association  with  the  integumentary  system.  In  such  animals  the  skeleton 
is  described  as  consisting  of  an  internal  or  deep  skeleton,  the  endoskeleton,  and 
an  external  or  superficial,  the  exoskeleton.  In  the  human  subject  the  exoskeleton 
is  extremely  rudimentary,  its  only  important  representatives  being  the  nails 
and  the  enamel  of  the  teeth.  The  term  skeleton  is,  therefore,  confined  to  the 
endoskeleton,  and  this  is  divisible  into  an  axial  part,  which  includes  that  of  the 
head  and  trunk,  and  an  appendicular  part,  which  comprises  that  of  the  extremities 
or  limbs. 

In  the  skeleton  of  the  adult  there  are  206  distinct  bones,  as  follows: — 


Axial 
Skeleton 


Vertebral  column  .26 

Skull 22 

Hyoid  bone    ...  .1 

Ribs  and  sternum  .25 


74 


Appendicular     /  Upper  extremities  .64 

Skeleton         \  Lower  extremities  .62 

—    126 
Auditory  ossicles         ........  6 

Total 206 

■  The  patellae  are  included  in  this  enumeration,  but  the  smaller  sesamoid  bones 
are  not  reckoned. 

Bones  are  divisible  into  four  classes:  Long,  Short,  Flat,  and  Irregular. 

Long  Bones. — ^The  long  bones  are  found  in  the  limbs,  and  each  consists  of  a  body 
or  shaft  and  two  extremities.  The  body,  or  diaphjrsis  is  cylindrical,  with  a  central 
cavity  termed  the  medullary  canal;  the  wall  consists  of  dense,  compact  tissue 
of  considerable  thickness  in  the  middle  part  of  the  body,  but  becoming  thinner 
toward  the  extremities;  within  the  medullary  canal  is  some  cancellous  tissue, 
scanty  in  the  middle  of  the  body  but  greater  in  amount  toward  the  ends.  The 
extremiiiea  are  generally  expanded,  for  the  purposes  of  articulation  and  to  afford 
broad  surfaces  for  muscular  attachment.  They  are  usually  developed  from  sep- 
arate centres  of  ossification  termed  epiphyses,  and  consist  of  cancellous  tissue 
surrounded  by  thin  compact  bone.  The  medullary  canal  and  the  spaces  in  the 
cancellous  tissue  are  filled  with  marrow.  The  long  bones  are  not  straight,  but 
curved,  the  curve  generally  taking  place  in  two  planes,  thus  affording  greater 
strength  to  the  bone.  The  bones  belonging  to  this  class  are:  the  clavicle,  humerus, 
radiiis,  nfaia,  femnr,  tibia,  fibula,  metacarpals,  metatarsals,  and  phalanges. 
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Short  Bones. — ^Where  a  part  of  the  skeleton  is  intended  for  strength  and  com- 
pactness combined  with  limited  movement,  it  is  constructed  of  a  number  of  short 
bones,  as  in  the  carpus  and  tarsus.  These  consist  of  cancellous  tissue  covered 
by  a  thin  crust  of  compact  substance.  The  patellsB,  together  with  the  other 
sesamoid  bones,  are  by  some  regarded  as  short  bones. 

Flat  Bones. — Where  the  principal  requirement  is  either  extensive  protection  or 
the  provision  of  broad  surfaces  for  muscular  attachment,  the  bones  are  expanded 
into  broad,  flat  plates,  as  in  the  skull  and  the  scapula.  These  bones  are  composed 
of  two  thin  layers  of  compact  tissue  enclosing  between  them  a  variable  quantity 
of  cancellous  tissue.  In  the  cranial  bones,  the  layers  of  compact  tissue  are  famili- 
arly known  as  the  tables  of  the  skull;  the  outer  one  is  thick  and  tough;  the  inner 
is  thin,  dense,  and  brittle,  and  hence  is  termed  the  vitreous  table.  The  intervening 
cancellous  tissue  is  called  the  diploe,  and  this,  in  certain  regions  of  the  skull, 
becomes  absorbed  so  as  to  leave  spaces  filled  with  air  (air-sinvses)  betw^een 
the  two  tables.  The  flat  bones  are:  the  occipital,  parietal,  frontal,  nasal,  lacrimal, 
vomer,  scapula,  os  coxsd  {hip  bone),  sternum,  ribs,  and,  according  to  some,  the 
patella. 

Irregular  Bones. — ^The  irregular  bones  are  such  as,  from  their  peculiar  form, 
cannot  be  grouped  under  the  preceding  heads.  They  consist  of  cancellous  tissue 
enclosed  within  a  thin  layer  of  compact  bone.  The  irregular  bones  are:  the 
▼ertebrsB,  sacrum,  coccyx,  temporal,  sphenoid,  ethmoid,  zygomatic,  maxilla,  mandible, 
palatine,  inferior  nasal  concha,  and  hyoid. 

Surfaces  of  Bones. — If  the  surface  of  a  bone  be  examined,  certain  eminences 
and  depressions  are  seen.  These  eminences  and  depressions  are  of  two  kinds: 
articular  and  non-articular.  Well-marked  examples  of  articular  eminences  are 
found  in  the  heads  of  the  humerus  and  femur;  and  of  articular  depressions  in  the 
glenoid  cavity  of  the  scapula,  and  the  acetabulum  of  the  hip  bone.  Non-articular 
eminences  are  designated  according  to  their  form.  Thus,  a  broad,  rough,  uneven 
elevation  is  called  a  tuberosity,  protuberance,  or  process,  a  small,  rough  prominence, 
a  tubercle;  a  sharp,  slender  pointed  eminence,  a  spine;  a  narrow,  rough  elevation, 
running  some  way  along  the  surface,  a  ridge,  crest,  or  line.  Non-^riicular  depres- 
sions are  also  of  variable  form,  and  are  described  as  fossa,  pits,  depressions,  grooves, 
furrows,  fissiures,  notches,  etc.  These  non-articular  eminences  and  depressions  serve 
to  increase  the  extent  of  surface  for  the  attachment  of  ligaments  and  muscles, 
and  are  usually  well-marked  in  proportion  to  the  muscularity  of  the  subject; 
the  grooves,  fissures,  and  notches  transmit  tendons,  vessels,  or  nerves. 

The  minute  structure,  growth,  and  composition  of  bone  are  described  on 
pages  50  to  59. 

THE  VERTEBBAL  COLUMN  (COLXTMNA  VERTEBRALIS;  SPINAL 

COLUMN). 

The  vertebral  column  is  a  flexuous  and  flexible  column,  formed  of  a  series  of 
bones  called  vertebrsB. 

The  vertebrae  are  thirty-three  in  number,  and  are  grouped  under  the  names 
cervical,  thoracic,  lumbar,  sacral,  and  coccygeal,  according  to  the  regions  they 
occupy;  there  are  seven  in  the  cervical  region,  twelve  in  the  thoracic,  five  in  the 
lumbar,  five  in  the  sacral,  and  four  in  the  coccygeal. 

This  number  is  sometimes  increased  by  an  additional  vertebra  in  one  region, 
or  it  may  be  diminished  in  one  region,  the  deficiency  being  supplied  by  an  addi- 
tional vertebra  in  another.  The  number  of  cervical  vertebrae  is,  however,  very 
rarely  increased  or  diminished. 

The  vertebrae  in  the  upper  three  regions  of  the  column  remain  distinct  through- 
out life,  and  are  known  as  true  or  movable  vertebrae;  those  of  the  sacral  and 


GENERAL  CHARACTERISTICS  OF  A  VERTEBRA  197 

cocc>geal  regions,  on  the  other  hand,  are  termed  false  or  fixed  vertebrae,  because 
t\vey  are  united  with  one  another  in  the  adult  to  form  two  bones — five  forming 

t\ie  upper  bone  or  sacram,  and  four  the  terminal  bone  or  coccyx. 
With  the  exception  of  the  first  and  second  cervical,  the  true  or  movable  vertebrae 

present  certain  common  characteristics  which  are  best  studied  by  examining  one 

from  the  middle  of  the  thoracic  region. 


GENERAL  CHARACTERISTICS   OF   A   VERTEBRA. 

A  tjrpical  yertebra  consists  of  two  essential  parts — viz.,  an  anterior  segment,  the 
body,  and  a  posterior  part,  the  vertebral  or  neural  arch;  these  enclose  a  foramen, 
the  vertebral  foramen.  The  vertebral  arch  consists  of  a  pair  of  pedicles  and  a.  pair 
of  laminfid,  and  supports  seven  processes — viz.,  four  articular,  two  transverse,  and 
one  spinous. 

When  the  vertebrae  are  articulated  with  each  other  the  bodies  form  a  strong 
pillar  for  the  support  of -the  head  and  trunk,  and  the  vertebral  foramina  constitute 
a  canal  for  the  protection  of  the  medulla  spinalis  {spinal  cord),  while  between 
every  pair  of  vertebrae  are  two  apertures,  the  intervertebral  foramina,  one  on 
either  side,  for  the  transmission  of  the  spinal  nerves  and  vessels. 

Body  {corpus  vertebrae), — ^The  body  is  the  largest  part  of  a  vertebra,  and  is 
more  or  less  cylindrical  in  shape.  Its  upper  and  lower  surfaces  are  flattened  and 
rough,  and  give  attachment  to  the  intervertebral  fibrocartilages,  and  each  presents 
a  rim  around  it3  circumference.  In  front,  the  body  is  convex  from  side  to  side 
and  concave  from  above  downward.  Behind,  it  is  flat  from  above  downward 
and  slightly  concave  from  side  to  side.  Its  anterior  surface  presents  a  few  small 
apertures,  for  the  passage  of  nutrient  vessels;  on  the  posterior  surface  is  a  single 
large,  irregular  aperture,  or  occasionally  more  than  one,  for  the  exit  of  the  basi- 
vertebral veins  from  the  bodv  of  the  vertebra. 

Pedicles  {radices  arci  vertebrae). — ^The  pedicles  are  two  short,  thick  processes, 
which  project  backward,  one  on  either  side,  from  the  upper  part  of  the  body, 
at  the  junction  of  its  posterior  and  lateral  surfaces.  The  concavities  above  and 
below  the  pedicles  are  named  the  vertebral  notches;  and  when  the  vertebrae  are 
articulated,  the  notches  of  each  contiguous  pair  of  bones  form  the  intervertebral 
foramina,  already  referred  to. 

Laminae. — ^The  laminae  are  two  broad  plates  directed  backward  and  medialward 
from  the  pedicles.  They  fuse  in  the  middle  line  posteriorly,  and  so  complete  the 
posterior  boundary  of  the  vertebral  foramen.  Their  upper  borders  and  the 
lower  parts  of  their  anterior  surfaces  are  rough  for  the  attachment  of  the 
ligamenta  flava. 

Processes. — Spinous  Process  (processus  spinosus). — The  spinous  process  is 
directed  backward  and  downward  from  the  junction  of  the  laminae,  and  serves 
for  the  attachment  of  muscles  and  lig-aments. 

Articular  Processes. — ^The  articular  processes,  two  superior  and  two  inferior, 
spring  from  the  junctions  of  the  pedicles  and  laminae.  The  superior  project 
upward,  and  their  articular  surfaces  are  directed  more  or  less  backward;  the 
inferior  project  downward,  and  their  surfaces  look  more  or  less  forward. 

Transverse  Processes  {processus  transversi), — ^The  transverse  processes,  two  in 
uumber,  project  one  at  either  side  from  the  point  where  the  lamina  joins  the 
pedicle,  between  the  superior  and  inferior  articular  processes.  They  serve  for 
the  attachment  of  muscles  and  ligaments. 

Stractore  of  a  Vertebra  (Fig.  235). — ^The  body  is  composed  of  cancellous  tissue,  covered  by 
a  thin  coating  of  compact  bone;  the  latter  is  perforated  by  numerous  orifices,  some  of  large  size 
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for  the  pasaage  ot  vesacla;  the  interior  of  the  bone  is  traversed  by  one  or  two  large  canals,  for  the 
reception  ot  veins,  which  converge  toward  a  siogle  large,  irregular  aperture,  or  several  small 

apertures,  at  the  posterior  part  of  the 
body,  liie  arch  and  processes  pro- 
jecting from  it  have  thick  coverint^ 
of  compact  tissue. 

The  Cerrical  Vertflbree  (Verte- 
brae Cervicales). 

The  cerrical  vertebra  (Fig. 
230)  are  the  smallest  of  the  true 
vertebrse,  and  can  be  readily 
distinguished  from  those  of  the 
thoracic  or  lumbar  regions  by 

Fia.  235— SBlHtsI  MclLon  of  b  liimhar  i-erlebra.  the    preSCnCC   of    a    fofamen    ID 

each  transverse  process.  The 
first,  second,  and  seventh  present  exceptional  features  and  must  be  separately 
described;  the  following  characteristics  are  common  to  the  remaining  four. 

The  body  is  small,  and  broader  from  side  to  side  than  from  before  backn'ard 
The  anterlw  and  posterior  surfaces  are  flattened  and  of  equal  depth;  the  former 
is  placed  on  a  lower  level  than  the  latter,  and  its  inferior  border  is  prolonged 
downward,  so  as  to  overlap  the  upper  and  forepart  of  the  vertebra  below.  The 
iqiper  surface  is  concave  transversely,  and  presents  a  projecting  lip  on  either  side; 
the  lover  anrface  is  concave  from  before  backward,  convex  from  side  to  side,  and 
presents  laterally  shallow  concavities  which  receive  the  corresponding  projecting 
lips  of  the  subjacent  vertebra.    The  pedicles  are  directed  lateralward  and  backward, 


PoalerioT  tubmle 


Superior  articular 
Inferior  articular 


and  are  attached  to  the  body  midway  between  its  upper  and  lower  borders,  so  that 
the  superior  vertebral  notch  is  as  deep  as  the  inferior,  but  it  is,  at  the  same  time, 
narrower.  The  lamime  are  narrow,  and  thinner  above  than  below;  the  vertebral 
tOramen  is  large,  and  of  a  triangular  form.  The  spinous  process  is  short  and  bifid, 
the  two  divisions  being  often  of  unequal  size.  The  superior  and  inferior  articular 
processes  on  either  side  are  fused  to  form  an  articular  pillar,  which  projects  lateral- 
ward  from  the  junction  of  the  pedicle  and  lamina.  The  articular  facets  are  flat 
and  of  an  oval  form:  the  superior  look  backward,  upward,  and  slightly  medial- 
ward:  the  inferior  forward,  downward,  and  slightly  lateralward.  The  transrerse 
processes  are  each  pierced  by  the  foramen  transvers&rium,  which,  in  the  uppyer  six 
\'ertcbr£e,  gives  passage  to  the  vertebral  artery  and  vein  and  a  plexus  of  sjmpa- 
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thetic  nerves.  Each  proeess  consists  of  an  anterior  and  a  posterior  part.  The 
intotOT  portion  is  the  homologue  of  the  rib  in  the  thoracic  regioji,  and  is  there- 
fore named  the  costal  process  or  costal  element:  it  arises  from  the  side  of  the  body, 
is  directed  lateralward  in  front  of  the  foramen,  and  ends  in  a  tubercle,  the  tuber- 
enlmn  uiteilas.  The  posterior  part,  the  true  transverse  process,  springs  from  the 
vertebral  arch  behind  the  foramen,  and  is  directed  forward  and  lateralward;  it 
euds  in  a  flattened  vertical  tubercle,  the  tubercnlum  poBterlus.  These  two  parts 
are  joined,  outside  the  foramen,  by  a  bar  of  bone  which  exhibits  a  deep  sulcus 
on  its  upper  surface  for  the  passage  of  the  corresponding  spinal  nerve.' 

Chaasaignftc  first  pointed  out  that  the  common  carotid  artery  can  be  easily  compressed  against 
the  Boterior  tubercle  of  the  transverse  process  of  the  sixth  cervical  vertebra,  and  therefore  this 
lubercle  is  named  the  bAercvlum  carolieum  or  ChoMoiffnae'i  tubercle.  It  also  constitutes  on  im- 
portsnt  guide  to  the  vert^ral  artery  which  enters  the  foramen  transversarium  of  this  vertebra. 


First  Cerrical  Yertebrs. — The  first  cervical  vertebra  (Fig.  237)  is  named  the 
•itlu  because  it  supports  the  globe  of  the  head.  Its  chief  peculiarity  is  that  it  has 
no  body,  and  this  is  due  to  the  fact  that  the  body  of  the  atlas  has  fused  with  that 
of  the  next  vertebra.  Its  other  peculiarities  are  that  it  has  no  spinous  process, 
is  ring-like,  and  consists  of  an  anterior  and  a  posterior  arch  and  two  lateral  masses. 
The  anterior  arch  forms  about  one-fifth  of  the  ring:  its  anterior  surface  is  convex, 
and  presents  at  its  centre  the  anterior  tabeicle  for  the  attachment  of  the  Longus 
colli  muscles;  posteriorly  it  is  concave,  and  marked  by  a  smooth,  oval  or  circular 
facet  {fovea  dentis),  for  articulation  with  the  odontoid  process  {dens)  of  the  axis. 
The  upper  and  lower  borders  respectively  give  attachment  to  the  anterior  atlanto- 
ocdpital  membrane  and  the  anterior  atlantoaxial  ligament;  the  former  connects 
it  with  the  occipital  bone  above,  and  the  latter  with  the  axis  below.  The  posterior 
uth  forms  about  two-fifths  of  the  circumference  of  the  ring:  it  ends  behind  in  the 
posteiiiff  tnbovle,  which  is  the  rudiment  of  a  spinous  process  and  gives  origin  to  - 
the  Recti  capitis  posteriores  minores.  The  diminutive  size  of  this  process  pre- 
vents any  interference  with  the  movements  between  the  atlas  and  the  skull. 
TTie  posterior  part  of  the  arch  presents  above  and  behind  a  rounded  edge  for 
the  attachment  of  the  posterior  atlantooccipital  membrane,  while  immediately 
behind  each  superior  articular  process  is  a  groove  (ifulcua  arteriae  Tcriebralis), 
sometimes  converted  into  a  foramen  by  a  delicate  bony  spiculum  which  arches 
backward  from  the  posterior  end  of  the  superior  articular  process.  This  groove 
represents  the  superior  vertebral  notch,  and  serves  for  the  transmission  of  the 
vertebral  artery,  which,  after  ascending  through  tlie  foramen  in  the  transverse 

■be  uinior  ud  p«t«rior  tubercle*  sod  Ihe  bsc  ot  bone  wfaieb  oonnects  them  (Fi(.  67). 
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process,  winds  around  the  lateral  mass  in  a  direction  backward  and  medialward ;  it 
also  transmits  the  suboccipital  (first  spinal)  nerve.  On  the  under  surface  of  the 
posterior  arch,  behind  the  articular  facets,  are  two  shallow  grooves,  the  interior 
Tertebral  notches.  The  lower  border  gives  attachment  to  the  posterior  atlanto- 
axial ligament,  which  connects  it  with  the  axis.  The  Uterftl  masseB  are  the  most 
bulky  and  solid  parts  of  the  atlas,  in  order  to  support  the  weight  of  the  head. 
Each  carries  two  articular  facets,  a  superior  and  an  inferior.  The  siywrior  facets 
are  of  large  size,  oval,  concave,  and  approach  each  other  in  front,  but  diverge 
behind:  they  are  directed  upward,  medialward,  and  a  little  backward,  each  forming 
a,  cup  for  the  corresponding  condyle  of  the  occipital  bone,  and  are  admirably 
adapted  to  the  nodding  movements  of  the  head.  Not  infrequently  they  are 
partially  subdivided  by  indentations  which  encroach  upon  their  margins.  The 
tnleilor  arttcniar  facets  are  circular  in  form,  flattened  or  slightly  convex  and  directed 
downward  and  medialward,  articulating  with  the  axis,  and  permitting  the  rotatory 
movements  of  the  head.  Just  below  the  medial  margin  of  each  superior  facet  is 
a  small  tubercle,  for  the  attachment  of  the  transverse  atlantal  ligament  which 
stretches  across  the  ring  of  the  atlas  and  divides  the  vertebral  foramen  into  two 
unequal  parts — the  anterior  or  smaller  receiving  the  odontoid  process  of  the  axis, 
the  posterior  transmitting  the  medulla  spinalis  and  its  membranes.  This  part 
of  the  vertebral  canal  is  of  considerable  size,  much  greater  than  is  required  for  the 
accommodation  of  the  medulla  spinalis,  and  hence  lateral  displacement  of  the 
atlas  may  occur  without  compression  of  this  structure.  The  transverse  processes 
are  large;  they  project  lateralward  and  downward  from  the  lateral  masses,  and 
serve  for  the  attachment  of  muscles  which  assist  in  rotating  the  head.  They 
are  long,  and  their  anterior  and  posterior  tubercles  are  fused  into  one  mass;  the 
foramen  transversarium  is  directed  from  below,  upward  and  backward, 

Odonioid  proceta 


Inferior  artictdar  prociM 
Fin.  23§,— Second  wnical  vsnebra,  ejii«tropheu«,  or  aiia. 

Second  Cervical  Vertebra.— The  second  cervical  \'ertebra  {Fig.  238}  is  name<l 
the  epistropheus  or  axis  because  it  forms  the  pivot  upon  which  the  first  vertebra, 
carrying  the  head,  rotates.  The  most  distinctive  characteristic  of  this  bone  i.s 
the  strong  odontoid  process  which  rises  perpendicularly'  from  the  upper  surface 
of  the  body.  The  body  is  deeper  in  front  than  behind,  and  prolonged  downward 
anteriorly  so  as  to  overlap  the  upper  and  fore  part  of  the  third  vertebra.  It  pre- 
sents in  front  a  median  longitudinal  ridge,  separating  two  lateral  depressions  for 
the  attachment  of  the  Longus  colli  muscles.  Its  under  surface  is  concave  from 
before  backward  and  covex  from  side  to  side.  The  dens  or  odontoid  process  exhibits 
a  slight  constriction  or  neck,  where  it  joins  the  body.  On  its  anterior  surfa<'e 
is  an  oval  or  nearly  circular  facet  for  articulation  with  that  on  the  anterior  arch 
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of  the  atlas.    On  the  back  of  the  neck,  and  frequently  extending  on  to  its  lateral 
surfaces,  is  a  shallow  groove  for  the  transverse  atlantal  ligament  which  retains 
the  process  in  position.    The  apex  is  pointed,  and  gives  attachment  to  the  middle 
alar  ligament;  below  the  apex  the  process  is  somewhat  enlarged,  and  presents 
on  either  side  a  rough  impression  for  the  attachment  of  the  lateral  alar  ligament; 
these  ligaments  connect  the  process  to  the  occipital  bone.    The  internal  structure 
of  the  odontoid  process  is  more  compact  than  that  of  the  body.     The  pedicles 
are  broad  and  strong,  especially  in  front,  where  they  coalesce  with  the  sides  of 
the  body  and  the  root  of  the  odontoid  process.    They  are  covered  above  by  the 
superior  articular  surfaces.     The  laminte  are  thick  and  strong,  and  the  vertebral 
foramen  large,  but  smaller  than  that  of  the  atlas.     The  tranBTsru  processes  are 
verj'  small,  and  each  ends  in  a  single  tubercle;  each  is  perforated  by  the  foramen 
transversarium,  which  is  directed  obliquely  upward  and  lateraiward.    The  superior 
tfticalar  smfaces  are  round,  slightly  convex,  directed  upward  and  lateraiward, 
and  are   supported   on  the  body, 
pedicles,  and  transverse  processes. 
The  inferior  artLc^ilar  snrfaees  have 
the  same  direction  as  those  of  the 
other  cervical  vertebrte.   The  siqte- 
rior  Twtebral  notches  are  very  shal- 
low, and  lie  behind  the  articular 
processes;  the  inferior  lie  in  front 
of  the  articular  processes,  as  in  the 
other  cen'icalvertebrse.  The  spinous 
process  is  large,  very  strong,  deeply 
channelled   on    its   under   surface, 
and  presents  a  bifid,  tuberculated 
extremity. 

The  Seventh  Cervical  Vettebta 
(Fig.  239).— The  most   distinctive 
characteristic  of   this  vertebra   is 
the  existence  of  a  long  and  promi- 
nent spinous  process,  hence   the  I 
name  rertebra  prominens.    This  pro-                                spiaobt  procf»* 
cess  is  thick,   nearly  horizontal  in                   Fia.  aM,— Seventh  Mtvicai  verteb™, 
direction,  not  bifurcated,  but  ter- 
minating in  a  tubercle  to  which  the  lower  end  of  the  ligamentum  nuchae  is 
attached.     The  transrerse  processes  are  of  considerable  size,  their  posterior  roots 
are  large  and  prominent,  while  the  anterior  are  small  and  faintly  marked;  the 
upper  surface  of  each  has  usually  a  shallow  sulcus  for  the  eighth  spinal  nerve, 
and  its  extremity  seldom  presents  more  than  a  trace  of  bifurcation.    The  foramen 
transversarium  may  be  as  large  as  that  in  the  other  cer\'ical  vertebree,  but  is 
generally  smaller  on  one  or  both  sides;    occasionally  it  is  double,  sometimes  it  is 
absent.    On  the  left  side  it  occasionally  gives  passage  to  the  ^■e^teb^al  artery; 
more  frequently  the  vertebral  vein  traverses   it  on   both  sides;  but  the  usual 
arrangement  is  for  both  artery  and  vein  to  pass  in  front  of  the  transverse  pro- 
cess, and  not  through  the  foramen.    Sometimes  the  anterior  root  of  the  trans- 
verse process  attains  a  large  size  and  exists  as  a  separate  bone,  which  is  known 
as  a  cervical  rib. 

The  Thoracic  Vertebrse  (Vertebrae  Thoracales). 

The  tlioracic  vertebne  (Fig.  240)  are  intermediate    in  size  between  those  of 
the  cen'ical  and  lumbar  regions;  they  increase  in  size  from  abo^■e  downward  the 
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upper  vertebrre  being  much  smaller  than  those  in  the  lower  part  of  the  region. 
They  are  distinguished  by  the  presence  of  facets  on  the  sides  of  the  bodies  for 
articulation  with  the  heads  of  the  ribs,  and  facets  on  the  transverse  processes  of 
all,  except  the  ele^■enth  and  twelfth,  for  articulation  with  the  tubercles  of  the  ribs. 
The  bodies  in  the  middle  of  the  thoracic  region  are  heart-shaped,  and  as  broad 
in  the  antero-posterior  as  in  the  transverse  direction.  At  the  ends  of  the  thoracic 
region  they  resemble  respectively  those  of  the  cervical  and  lumbar  vertebrae. 
They  are  slightly  thicker  behind  than  in  front,  flat  above  and  below,  convex  from 
side  to  side  in  front,  deeply  concave  behind,  and  slightly  constricted  laterally 
and  in  front.  They  present,  on  either  side,  two  costal  demi-facets,  one  above, 
near  the  root  of  the  pedicle,  the  other  below,  in  front  of  the  inferior  vertebral 
notch;  these  are  covered  with  cartilage  in  the  recent  state,  and,  when  the  vertebrse 
are  articulated  with  one  another,  form,  with  the  intervenmg  intervertebral  fibro- 
cartilages,  oval  surfaces  for  the  reception  of  the  heads  of  the  ribs.  The  pedicles 
are  directed  backward  and  slightly  upward,  and  the  inferior  vertebral  notches 
are  of  large  size,  and  deeper  than  in  any  other  region  of  the  vertebral  column. 


Faeel  for  arttctdar ; 
oflabertU  of  rib 


The  lamiiue  are  broad,  thick,  and  imbricated — that  is  to  say,  they  overlap  those 
of  subjacent  vertebrse  like  tiles  on  a  roof.  The  vertebral  foramen  is  small,  and  of 
a  circular  form.  The  spinous  process  is  long,  triangular  on  coronal  section,  directed 
obliquely  downward,  and  ends  in  a  tubereulated  extremity.  These  processes 
overlap  from  the  fifth  to  the  eighth,  but  are  less  oblique  in  direction  above  and 
below. ^  The  superior  articular  processes  are  thin  plates  of  bone  projecting  upward 
from  the  junctions  of  the  pedicles  and  laminee;  their  articular  facets  are  practi- 
cally flat,  and  are  directed  backward  and  a  little  lateralward  and  upward.  The 
inferior  articular  processes  are  fused  to  a  considerable  extent  with  the  laminee, 
and  project  but  slightly  beyond  their  lower  borders;  their  facets  are  du-ected 
forward  and  a  little  medialward  and  downward.  The  transverse  jwocesses  arise 
from  the  arch  behind  the  superior  articular  processes  and  pedicles;  they  are  thick, 
strong,  and  of  considerable  length,  directed  obliquely  backward  and  lateralward. 


ipinous  procciases  of  the  thomoic  verWbne  proiett  upword  ud  bsokw«rf,  while 
upirard  and  foritBrd.    The  chsnn  in  inclinnttari  is  effected  in  one  of  the  lower 
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and  each  ends  in  a  clubbed  extremity,  on  the  front  of  which  is  a  small,  concave 
surface,  for  articulation  with  the  tubercle  of  a  rib. 

The  first,  ninth,  tenth,  eleventh,  and  twelfth   thoracic  vertebrw  present  certain 
peculiarities,  and  must  be  specially  considered  (Fig.  241). 


>n«  erUire  factt, 
{oftKeloatTan).  proe. 
v:hkh  it  rudimentary 


I  Xo  facet  on  irann- 
I       tvrse  prwfM. 
-!  I nffr-arlic. process 
I  coni¥jr  and  tumtd 
yinltraltmrda 


The  First  Tboradc  Vertebra  has,  on  either  side  of  the  body,  an  entire  articular 
facet  for  the  head  of  the  first  rib,  and  a  demi-facet  for  the  upper  half  of  the  head 
of  the  second  rib.  The  body  is  like  that  of  a  cervical  vertebra,  being  broad  trans- 
versely; its  upper  surface  is  concave,  and  lipped  on  either  side.  The  superior 
articolar  snrfaces  are  directed  upward  and  backward;  the  spinous  process  is  thick, 
long,  and  almost  horizontal.  The  transverse  processes  are  long,  and  the  upper 
vertebral  notches  are  deeper  than  those  of  the  other  thoracic  vertebrse. 
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The  Ninth  Thoracic  Vertebra  may  have  no  demi-facets  below.  In  some  sub- 
jects however,  it  has  two  demi-facets  on  either  side;  when  this  occurs  the  tenth 
has  only  demi-facets  at  the  upper  part. 

The  Tenth  Thoracic  Vertebra  has  (except  in  the  cases  just  mentioned)  an  entire 
articular  facet  on  either  side,  which  is  placed  partly  on  the  lateral  surface  of  the 
pedicle. 

In  the  Eleventh  Thoracic  Vertebra  the  body  approaches  in  its  form  and  size 
to  that  of  the  lumbar  vertebree.  The  articular  facets  for  the  heads  of  the  ribs 
are  of  large  size,  and  placed  chiefly  on  the  pedicles,  which  are  thicker  and  stronger 
in  this  and  the  next  vertebra  than  In  any  other  part  of  the  thoracic  region.  The 
spinous  process  is  short,  and  nearly  horizontal  in  direction.  The  transTerse  processes 
are  very  short,  tuberculated  at  their  extremities,  and  have  no  articular  facets. 

The  Twelfth  Thoracic  Vertebra  has  the  same  general  characteristics  as  the 
eleventh,  but  may  be  distinguished  from  it  by  its  inferior  articular  surfaces  beinp 
convex  and  directed  lateralward,  like  those  of  the  lumbar  vertebne;  by  the  general 
form  of  the  body,  laminee,  and  spinous  process,  in  which  it  resembles  the  lumbar 
vertebrae;  and  by  each  transverse  process  being  subdivided  into  three  elevations, 
the  superior,  inferior,  and  lateral  tubercles:  the  superior  and  inferior  correspond 
to  the  mamillary  and  accessory  processes  of  the  lumbar  vertebree.  Traces  of 
similar  elevations  are  found  on  the  transverse  processes  of  the  tenth  and  eleventh 
thoracic  vertebrae. 


Flo.  242,— A  lu 


The  Lumbar  Vertebrae  (Vertebrae  Luinbales). 

The  lumbar  yertebrB  (Figs.  242  and  243)  are  the  largest  segments  of  the  movable 
part  of  the  vertebral  column,  and  can  be  distinguished  by  the  absence  of  a  foramen 
in  the  transverse  process,  and  by  the  absence  of  facets  on  the  sides  of  the  body. 

The  body  is  large,  wider  from  side  to  side  than  from  before  backward,  and  a 
little  thicker  in  front  than  behind.  It  is  flattened  or  slightly  concave  above  and 
below,  concave  behind,  and  deeply  constricted  in  front  and  at  the  sides.  The 
pedicles  are  very  strong,  directed  backward  from  the  upper  part  of  the  body; 
consequently,  the  inferior  vertebral  notches  are  of  considerable  depth.  The 
lamiue  are  broad,  short,  and  strong;  the  vertebral  foramen  is  triangular,  larger 
than  in  the  thoracic,  but  smaller  than  in  the  ce^^'ical  region.  The  spinous  process 
is  thick,  broad,  and  somewhat  quadrilateral;  it  projects  backward  and  ends  in 
a  rough,  uneven  border,  thickest  below  where  it  is  occasionally  notched.  The 
superior  and  inferior  articular  processes  are  well-defined,  projecting  respectively 
upward  and  downward  from  the  junctions  of  pedicles  and  laminte.     The  facets 
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on  tVie  superior  processes  are  concave,  and  look  backward  and  medialward;  those 
on  the  inferior  are  convex,  and  are  directed  forward  and  lateralward.  The  former 
are  wider  apart  than  the  latter,  since  in  the  articulated  column  the  inferior  articular 
processes  are  embraced  by  the  superior  processes  of  the  subjacent  vertebra.  The 
tnosrersa  processes  are  long,  slender,  and  horizontal  in  the  upper  three  lumbar 
\ertebrffi;  they  incline  a  little  upward  in  the  lower  two.  In  the  upper  three  verte- 
brae they  arise  from  the  junctions  of  the  pedicles  and  laminae,  but  in  the  lower 
two  they  are  set  farther  forward  and  spring  from  the  pedicles  and  posterior  parts 
of  the  bodies.  They  are  situated  in  front  of  the  articular  processes  instead  of  behind 
them  as  in  the  thoracic  vertebrte,  and  are  homologous  with  the  ribs.  Of  the  three 
tubercles  noticed  in  connection  with  the  transverse  processes  of  the  lower  thoracic 


wrtebrse,  the  superior  one  b  connected  in  the  lumbar  region  with  the  back  part 
of  the  superior  articular  process,  and  is  named  the  mamillaTy  jwocess ;  the  inferior 
is  situated  at  the  back  part  of  the  base  of  the  transverse  process,  and  is  called  the 
accessory  piocesB  (Fig.  243).  Although  in  man  these  are  comparatively  small, 
in  sotne  animals  they  attain  considerable  size,  and  serve  to  lock  the  vertebrse 
more  cloeely  together. 

The  Tilth  Lumbar  Vertebra  is  characterized  by  its  body  being  much  deeper 
in  front  than  behind,  which  accords  with  the  prominence  of  the  sacrovertebral 
articulation ;  by  the  smaller  size  of  its  spinous  process;  by  the  wide  interval  between 
the  inferior  articular  processes;  and  by  the  thickness  of  its  transverse  processes, 
which  spring  from  the  body  as  well  as  from  the  pedicles. 

The  Sacral  and  Coccygeal  Vertebise. 

The  sacral  and  coccygeal  vertebne  consist  at  an  early  period  of  life  of  nine 
separate  segments  which  are  united  in  the  adult,  so  as  to  form  two  bones,  fi\e 
entering  into  the  formation  of  the  sacrum,  four  into  that  of  the  coccyx.  Some- 
times the  coccyx  consists  of  five  bones;  occasionally  the  number  is  reduced  to 
three. 
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The  Sacnun  {03  sacnim). — The  sacrum  is  a  large,  triangular  bone,  situated 
in  the  lower  part  of  the  vertebral  column  and  at  the  upper  and  back  part  of  the 
pelvic  cavity,  where  it  is  inserted  like  a  wedge  between  the  two  hip  bones;  its 
upper  part  or  base  articulates  with  the  last  lumbar  vertebra,  its  apex  with  the 
coecj'x.  It  is  cuned  upon  itself  and  placed  very  obliquely,  its  base  projecting 
forward  and  forming  the  prominent  sacrovertebral  angle  when  articulated  with 
the  last  lumbar  vertebra;  its  central  part  is  projected  backward,  so  as  to  give 
increased  capacity  to  the  pelvic  cavity.  The  sacrum  is  rather  narrower  at  the 
level  of  the  second  segment  than  at  the  level  of  the  third.  It  presents  for  examina- 
tion a  pelvic,  a  dorsal,  and  two  lateral  surfaces,  a  base,  an  apex,  and  a  central 
canal.' 


Pelvic  Surface  (Jades  ■pelviiia). — The  pelvic  surface  (Fig.  244)  is  conca\e  from 
above  downward,  and  slightly  so  from  side  to  side.  Its  middle  part  is  crossed 
bj-  four  transverse  ridges,  the  positions  of  which  correspond  with  the  original 
planes  of  separation  between  the  five  segments  of  the  bone.  I'he  portions  of  bone 
intervening  between  the  ridges  are  the  bodies  of  the  sacral  vertebrte.  The  body 
of  the  first  segment  is  of  large  size,  and  in  form  resembles  that  of  a  lumbar  vertebra; 
the  succeeding  ones  diminish  from  above  downward,  are  flattened  frcmi  before 
backward,  and  curved  so  as  to  accommodate  themselves  to  the  form  of  the  sacrum, 
being  concave  in  front,  convex  behind.  At  the  ends  of  the  ridges  are  seen  the 
anterior  sacral  foramina,  four  in  number  on  either  side,  somewhat  rounded  in  form 
diminishing  in  size  from  above  downward,  and  directed  lateralward  and  forward; 
they  give  exit  to  the  anterior  divisions  of  the  sacral  ner\es  and  entrance  to  the 
lateral  sacral  arteries.  Lateral  to  these  foramina  are  the  lateral  parts  of  the  sacrum, 
CHch  consisting  of  five  separate  segments  at  an  early  period  of  life;  in  the  adult, 
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these  are  blended  with  the  bodies  and  with  each  other.  Each  lateral  part  is  tra- 
versed by  four  broad,  shallow  grooves,  which  lodge  the  anterior  divisions  of  the 
sacral  nerves,  and  are  separated  by  prominent  ridges  of  bone  which  give  origin 
to  the  Piriformis  muscle. 

If  a  sagittal  section  be  made  through  the  centre  of  the  sacrum  (Fig,  246),  the 
bodies  are  seen  to  be  united  at  their  circumferences  by  bone,  wide  intervals  being 
left  centrally,  which,  in  the  recent  state,  are  filled  by  the  intervertebral  fibro- 
cartilages.  In  some  bones  this  union  is  more  complete  between  the  lower  than 
the  upper  segments. 


Dorsal  Surface  (Jades  dorsalis). — The  dorsal  surface  (Fig.  24,5)  is  convex  and 
narrower  than  the  pelvic.  In  the  middle  line  it  displays  a  crest,  the  middle  sacral 
crwt,  surmounted  by  three  or  four  tubercles,  the  rudimentary  spinous  processes 
of  the  upper  three  or  four  sacral  vertebra;.  On  either  side  of  the  middle  sacral 
crest  is  a  shallow  groove,  the  sacral  groove,  which  gives  origin  to  the  ilultifidus, 
the  floor  of  the  groove  being  formed  by  the  united  laminBe  of  the  corresponding 
vertebrae.  The  laminie  of  the  fifth  sacral  vertebra,  and  sometimes  those  of  the 
fourth,  fail  to  noeet  behind,  and  thus  a  hiatus  or  deficiency  occurs  in  the  posterior 
lall  of  the  sacral  canal.  On  the  lateral  aspect  of  the  sacral  groove  is  a  linear 
series  of  tubercles  produced  by  the  fusion  of  the  articular  processes  which  together 
form  the  indistinct  sacral  articular  crests.  The  articular  processes  of  the  first 
sacral  vertebra  are  large  and  oval  in  shape;  their  facets  are  concave  from  side  to 
side,  look  backward  and  medialward,  and  articulate  with  the  facets  on  the  inferior 
processes  of  the  fifth  lumbar  vertebra.  The  tubercles  which  represent  the  inferior 
articular  processes  of  the  fifth  sacral  vertebra  are  prolonged  downward  as  rounded 
processes,  which  are  named  the  aacral  comua,  and  are  connected  to  the  cornua 
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of  the  coccyx.  Lateral  to  the  articular  processes  are  the  four  posterior  sacral 
foramina;  they  are  smaller  in  size  and  less  regular  in  form  than  the  anterior,  and 
transmit  the  posterior  divisions  of  the  sacral  nerves.  On  the  lateral  side  of  the 
posterior  sacral  foramina  is  a  series  of  tubercles,  which  represent  the  transverse 
processes  of  the  sacral  vertebrae,  and  form  the  lateral  crests  of  the  sacrum.  The 
transverse  tubercles  of  the  first  sacral  vertebra  are  large  and  very  distinct;  they, 
together  with  the  transverse  tubercles  of  the  second  vertebra,  give  attachment 
to  the  horizontal  parts  of  the  posterior  sacroiliac  ligaments;  those  of  the  third 
vertebra  give  attachment  to  the  oblique  fasciculi  of  the  posterior  sacroiliac  liga- 
ments; and  those  of  the  fourth  and  fifth  to  the  sacrotuberous  ligaments. 

Lateral  Surface. — ^The  lateral  surface  is  broad  above,  but  narrowed  into  a  thin 
edge  below.  The  upper  half  presents  in  front  an  ear-shaped  surface,  the  auricular 
surface  for  articulation  with  the  ilium.  Behind  it  is  a  rough  surface,  the  sacral 
tuberosity,  on  which  are  three  deep  and  uneven  impressions,  for  the  attachment 
of  the  posterior  sacroiliac  ligament.  The  lower  half  is  thin,  and  ends  in  a  pro- 
jection called  the  inferior  lateral  angle;  medial  to  this  angle  is  a  notch,  which  is 
converted  into  a  foramen  by  the  transverse  process  of  the  first  piece  of  the  coccyx, 
and  transmits  the  anterior  division  of  the  fifth  sacral  nerve.  The  thin  lower  half 
of  the  lateral  surface  gives  attachment  to  the  sacrotuberous  and  sacrospinous 
ligaments,  to  some  fibres  of  the  Glutaeus  maximus  behind,  and  to  the  Coccygeus 
in  front. 

Base  (basis  oss.  sacri). — ^The  base  of  the  sacrum,  which  is  broad  and  expanded, 
is  directed  upward  and  forward.  In  the  middle  is  a  large  oval  articular  surface, 
the  upper  surface  of  the  body  of  the  first  sacral  vertebra,  which  is  connected  with 
the  under  surface  of  the  body  of  the  last  lumbar  vertebra  by  an  intervertebral 
fibrocartilage.  Behind  this  is  the  large  triangular  orifice  of  the  sacral  canal,  which 
is  completed  by  the  laminae  and  spinous  process  of  the  first  sacral  vertebra.  The 
superior  articular  processes  project  from  it  on  either  side;  they  are  oval,  concave, 
directed  backward  and  medialward,  like  the  superior  articular  processes  of  a  lumbar 
vertebra.  They  are  attached  to  the  body  of  the  first  sacral  vertebra  and  to  the 
alae  by  short  thick  pedicles;  on  the  upper  surface  of  each  pedicle  is  a  vertebral 
notch,  which  forms  the  lower  part  of  the  foramen  between  the  last  lumbar  and  first 
sacral  vertebrae.  On  either  side  of  the  body  is  a  large  triangular  surface,  which 
supports  the  Psoas  major  and  the  lumbosacral  trunk,  and  in  the  articulated 
pelvis  is  continuous  with  the  iliac  fossa.  This  is  called  the  ala;  it  is  slightly  concave 
from  side  to  side,  convex  from  before  backward,  and  gives  attachment  to  a  few 
of  the  fibres  of  the  Iliacus.  The  posterior  fourth  of  the  ala  represents  the  transverse 
process,  and  its  anterior  three-fourths  the  costal  process  of  the  first  sacral  segment. 

Apex  (apex  oss,  sacri). — ^The  apex  is  directed  downward,  and  presents  an  oval 
facet  for  articulation  with  the  coccyx. 

Vertebral  Canal  (canalis  sacralis;  sacral  canal). — ^The  vertebral  canal  (Fig.  246) 
runs  throughout  the  greater  part  of  the  bone;  above,  it  is  triangular  in  form; 
below,  its  posterior  wall  is  incomplete,  from  the  non-development  of  the  laminae 
and  spinous  processes.  It  lodges  the  sacral  nerves,  and  its  walls  are  perforated  by 
the  anterior  and  posterior  sacral  foramina  through  which  these  nerves  pass  out. 

Stnicture. — The  sacrum  consists  of  cancellous  tissue  enveloped  by  a  thin  layer  of  compact  bone. 

Articiilations. — ^The  sacnmi  articulates  with  four  bones;  the  last  lumbar  vertebra  above,  the 
coccyx  below,  and  the  hip  bone  on  either  side. 

Differences  in  the  Sacrum  of  the  Male  and  Female. — In  the  female  the  sacrum  is  shorter  and 
wider  than  in  the  male;  the  lower  half  forms  a  greater  angle  with  the  upper;  the  upper  half  is 
nearly  straight,  the  lower  half  presenting  the  greatest  amount  of  curvature.  The  bone  is  also 
directed  more  obliquely  backward;  this  increases  the  size  of  the  pelvic  cavity  and  renders  the 
sacrovertebral  angle  more  prominent.  In  the  male  the  curvature  is  more  evenly  distributed 
over  the  whole  length  of  the  bone,  and  is  altogether  greater  than  in  the  female. 
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TtiHtknia, — The  Bacrum,  in  some  cases,  consists  of  six  pieces;  occaaionally  the  number  is 
r«duc«d  to  four.  Sometimes  the  uppermost  transverse  tubercles  afe  not  joined  to  the  reet  of  the 
ala  OD  oae  or  both  aides,  or  the  sacral  canal  may  be  open  throughout  a  considerable  part  of  its 
length,  in  consequence  of  the  imperfect  development  of  the  laminte  and  apinous  processes.  The 
SMTUiD,  also,  varies  considerably  with  respect  to  its  degree  of  ci 


Radim. 


Poaierior  ttaface 

Fia.  2te,~Madiu  safitUil  HotiDD  of  the  aurum.  Fia.  217.— Coooyi. 

The  Coccyx  {ot  coccygis). — The  coccyx  (Fig.  247)  is  usually  formed  of  four 
radimentary  vertebrfe;  the  number  may  however  be  increased  to  five  or  diminished 
to  three.  In  each  of  the  first  three  segments  may  be  traced  a  rudimentarj'  body 
and  articular  and  transverse  processes;  the  last  piece  (sometimes  the  third)  is  a 
mere  nodule  of  bone.  AH  the  segments  are  destitute  of  pedicles,  laminse,  and 
spinous  processes.  The  first  is  the  largest;  it  resembles  the  lowest  sacral  vertebra, 
and  often  exists  as  a  separate  piece;  the  last  three  diminish  in  size  from  above 
downward,  and  are  usually  fused  with  one  another.  Owing  to  the  gradual  diminu- 
tion in  the  size  of  the  segments,  the  coccyx  is  triangular  in  form,  and  presents 
for  examination  an  anterior  and  a  posterior  surface,  two  borders,  a  base,  and  an 
apes. 

Surfaces. — ^The  anterior  snrtace  is  slightly  concave,  and  marked  with  three  trans- 
verse grooves  which  indicate  the  junctions  of  the  difTerent  segments.  It  gives 
attachment  to  the  anterior  sacrococcygeal  ligament  and  the  Levatores  ani,  and 
supports  part  of  the  rectum.  The  posterior  surface  is  convex,  marked  by  transverse 
grooves  similar  to  those  on  the  anterior  surface,  and  presents  on  either  side  a  linear 
row  of  tubercles,  the  rudimentarj'  articular  processes  of  the  coccygeal  vertebrw. 
Of  these,  the  superior  pah  are  large,  and  are  called  the  coccygeal  comua;  they 
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project  upward,  and  articulate  with  the  cornua  of  the  sacrum,  and  on  either  side 
complete  the  foramen  for  the  transmission  of  the  posterior  division  of  the  fifth 
sacral  nerve. 

Borders. — ^The  lateral  borders  are  thin,  and  exhibit  a  series  of  small  eminences, 
which  represent  the  transverse  processes  of  the  coccygeal  vertebrae.  Of  these, 
the  first  is  the  largest;  it  is  flattened  from  before  backward,  and  often  ascends 
to  join  the  lower  part  of  the  thin  lateral  edge  of  the  sacrum,  thus  completing  the 
foramen  for  the  transmission  of  the  anterior  division  of  the  fifth  sacral  nerve; 
the  others  diminish  in  size  from  above  downward,  and  are  often  wanting.  The 
borders  of  the  coccyx  are  narrow,  and  give  attachment  on  either  side  to  the  sacro- 
tuberous  and  sacrospinous  ligaments,  to  the  Coccygeus  in  front  of  the  ligaments, 
and  to  the  Glutaeus  maximus  behind  them. 

Base. — ^The  base  presents  an  oval  surface  for  articulation  with  the  sacrum. 

Apex. — ^The  apex  is  rounded,  and  has  attached  to  it  the  tendon  of  the  Sphincter 
ani  extemus.    It  may  be  bifid,  and  is  sometimes  deflected  to  one  or  other  side. 

Ossification  of  the  Vertebral  Column. — Each  vertebra  is  ossified  from  three  primary  centres 
(Fig.  248),  two  for  the  vertebral  arch  and  one  for  the  body.*  Ossification  of  the  vertebral  arches 
begins  in  the  upper  cervical  vertebrae  about  the  seventh  or  eighth  week  of  fetal  life,  and  gradually 
extends  down  the  column.  The  ossific  granules  first  appear  in  the  situations  where  the  transverse 
processes  afterward  project,  and  spread  backward  to  the  spinous  process  forward  into  the  pedicles, 
and  lateralward  into  the  transverse  and  articular  processes.  Ossification  of  the  bodies  begins 
about  the  eighth  week  in  the  lower  thoracic  region,  and  subsequently  extends  upward  and  down- 
ward along  the  colunm.  The  centre  for  the  body  does  not  give  rise  to  the  whole  of  the  body  of 
the  adult  vertebra,  the  postero-lateral  portions  of  which  are  ossified  by  extensions  from  the  verte- 
bral arch  centres.  The  body  of  the  vertebra  during  the  first  few  years  of  life  shows,  therefore, 
two  synchondroses,  nenrocentral  synchondroses,  traversing  it  along  the  planes  of  junction  of 
the  three  centres  (Fig.  249).  In  the  thoracic  region,  the  facets  for  the  heads  of  the  ribs  lie  behind 
the  neurocentral  synchondroses  and  are  ossified  from  the  centres  for  the  vertebral  arch.  At 
birth  the  vertebra  consists  of  three  pieces,  the  body  and  the  halves  of  the  vertebral  arch.  During 
the  first  year  the  halves  of  the  arch  unite  behind,  union  taking  place  first  in  the  lumbetr  region 
and  then  extending  upward  through  the  thoracic  and  cervical  regions.  About  the  third  year 
the  bodies  of  the  upper  cervical  vertebrae  are  joined  to  the  arches  on  either  side;  in  the  lower 
lumbar  vertebrae  the  union  is  not  completed  jimtil  the  sixth  year.  Before  puberty,  no  other 
changes  occur,  excepting  a  gradual  increase  of  these  primary  centres,  the  upper  and  under  sur- 
faces of  the  bodies  and  the  ends  of  the  transverse  and  spinous  processes  being  cartilaginous. 
About  the  sixteenth  year  (Fig.  249),  five  secondary  centres  appear,  one  for  the  tip  of  each  trans- 
verse process,  one  for  the  extremity  of  the  spinous  process,  one  for  the  upper  and  one  for  the 
lower  surface  of  the  body  (Fig.  250).  These  fuse  with  the  rest  of  the  bone  about  the  age  of 
twenty-five. 

Exceptions  to  this  mode  of  development  occur  in  the  first,  second,  and  seventh  cervical  verte- 
brae, and  in  the  lumbar  vertebrae. 

Atlas. — The  atlas  is  usually  ossified  from  three  centres  (Fig.  251).  Of  these,  one  appears  in 
each  lateral  mass  about  the  seventh  week  of  fetal  life,  and  extends  backward;  at  birth,  these 
portions  of  bone  are  separated  from  one  another  behind  by  a  narrow  interval  filled  with  cartilage. 
Between  the  third  and  fourth  years  they  unite  either  directly  or  through  the  medium  of  a  separate 
centre  developed  in  the  cartilage.  At  birth,  the  anterior  arch  consists  of  cartilage;  in  this  a 
separate  centre  appears  about  the  end  of  the  first  ye^u*  after  birth,  and  joins  the  lateral  masses 
from  the  sixth  to  the  eighth  year — the  lines  of  union  extending  across  the  anterior  portions  of 
the  superior  articular  facets.  OccasioneJly  there  is  no  separate  centre,  the  anterior  arch  being 
formed  by  the  forward  extension  and  ultimate  junction  of  the  two  lateral  masses;  sometimes 
this  arch  is  ossified  from  two  centres,  one  on  either  side  of  the  middle  line. 

Epistropheus  or  Axis. — The  axis  is  ossified  from  five  primary  and  two  secondary  centres  (Fig. 
252).  The  body  and  vertebral  arch  are  ossified  in  the  same  manner  as  the  corresponding  parts 
in  the  other  vertebrae,  viz.,  one  centre  for  the  body,  and  two  for  the  vertebral  arch.  The  centres 
for  the  arch  appear  about  the  seventh  or  eighth  week  of  fetal  life,  that  for  the  body  about  the 
fom'th  or  fifth  month.  The  dens  or  odontoid  process  consists  originally  of  a  continuation  upward 
of  the  cartilaginous  mass,  in  which  the  lower  part  of  the  body  is  formed.  About  the  sixth  month 
of  fetal  life,  two  centres  make  their  appearance  in  the  base  of  this  process:  they  are  placed 
laterally,  and  join  before  birth  to  form  a  conical  bilobed  mass  deeply  cleft  above;  the  interval 

*  A  vertebra  is  occasionally  found  in  which  the  body  consists  of  two  lateral  portions — ^a  condition  which  proves  that 
the  body  is  sometimes  ossified  from  t\co  primary  centres,  one  on  either  side  of  the  middle  line. 
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betwen  the  aides  of  the  cleft  sod  the  aummit  of  the  process  is  formed  by  a  wedge-shaped  piece 

of  cartilage.    The  base  of  the  process  is  separated  from  the  body  by  a  cartilaginous  disk,  which 

gradually  becomes  ossified   at  its  cir- 

FlG.  248. — Ossification  of  a  vertebra  cumfereace,  but  remains  cartilaginouB 

By  3  priman/  centrea  in  '!«  centre  until   advanced  age.     Id 

this  cartilage,  rudiments  of  the  lower 

body  {eth  irrek)  epiphysial  lamella  of  the  atlas  and  the 

upper  epiphysial  lamella  of  the  axis 

I  may  sometimes  be  found.      The  apex 

of  the  odontoid  process  has  a  separate 

centre  which  appears  in  the  secood  and 

joins  about  the  twelfth  year;  this  is  the 

upper  epiphysial   lamella  of  the  atlas. 

In  addition  to  theae  there  is  a  secondary 

centre  for  a  thin  epiphysial  plate  on 

the  under  surface  of  the  body  of  the 


1  for  each  vtrtAral  arch  (7(A  or 

Fig.  249. 
By  3  secondary  centret 


I  for  tpinoae  proceta  (IGlA  ytar) 
Flo.  250. 
By  2  adiitimal  plattt 


for  anttr.  areh  (end  of  Ul  year) 


ttkmonth 

I  /or  lath  KrUbral  ardi 
ar  Sth  vttk) 


Jot  uudtr  turjaee  o/Ihm 


Fig.  2S3.— Lumbar  Tsrtebra 


2  addiliatud  centrei  for  mamillary  pmrtatfa 


The  8eT«iLtli  Cerrickl  Vertabn.— The  anterior  or  costal  part  of  the  transverse  process  of  this 
tntebra  is  oometimefl  ossified  from  a  separate  centre  which  appears  about  the  sixth  month  of 
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fetal  life,  and  joins  the  body  And  posterior  part  of  the  transverse  process  between  the  fifth  and 
sixth  years.  Occasionally  the  costal  part  persists  as  a  separate  piece,  and,  becoming  lengthened 
later^ward  and  forward,  constitutes-  what  is  known  as  a  cervical  rib.  Separate  ossific  centres 
have  also  been  found  in  the  costal  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrse. 

Lumbar  Vertebrs. — ^The  lumbar  vertebrse  (Fig.  253)  have  each  two  additional  centres,  for 
the  mamillary  processes.  The  transverse  process  of  the  first  lumbar  is  sometimes  developed  as 
a  separate  piece,  which  may  remain  permanently  ununited  with  the  rest  of  the  bone,  thus  form- 
ing a  lumbar  rib — ^a  peculiarity,  however,  rarely  met  with. 

Sacmitt  (Figs.  254  to  257). — ^The  body  of  each  sacral  vertebra  is  ossified  from  a  primary  centre 
and  two  epiphysial  plates,  one  for  its  upper  and  another  for  its  under  surface,  while  each  vertebral 
arch  is  ossified  from  two  centres. 

The  Einterior  portions  of  the  lateral  parts  have  six  additional  centres,  two  for  each  of  the  first 
three  vertebne;  these  represent  the  costal  elements,  and  make  their  appearance  above  and  lateral 
to  the  anterior  sacral  foramina  (Figs.  254,  255). 

On  each  lateral  surface  two  epiphysial  plates  are  developed  (Figs.  256,  257) :  one  for  the  auric- 
ular surface,  and  another  for  the  remaining  part  of  the  thin  lateral  edge  of  the  bone.^ 

Periods  of  Ossification. — ^About  the  eighth  or  ninth  week  of  fetal  life,  ossification  of  the 
central  part  of  the  body  of  the  first  sacral  vertebra  commences,  and  is  rapidly  followed  by  deposit 

of  ossific  matter  in  the  second  and  third; 
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ossification  does  not  commence  in  the 
bodies  of  the  lower  two  segments  until 
between  the  fifth  and  eighth  months  of 
fetal  life.  Between  the  sixth  and  eighth 
months  ossification  of  the  vertebral  arches 
takes  place;  and  about  the  same  time  the 
costal  centres  for  the  lateral  parts  make 
their  appearance.  The  junctions  of  the 
vertebral  arches  with  the  bodies  take  place 
in  the  lower  vertebrse  as  early  as  the 
second  year,  but  are  not  effected  in  the 
uppermost  until  the  fifth  or  sixth  year. 
About  the  sixteenth  year  the  epiphysial 
plates  for  the  upper  and  under  surfaces  of  the  bodies  are  formed;  and  between  the  eighteenth  and 
twentieth  years,  those  for  the  lateral  surfaces  make  their  appearance.  The  bodies  of  the  sacral 
vertebrse  are,  during  early  life,  separated  from  each  other  by  intervertebral  fibrocEtrtilages,  but 
about  the  eighteenth  year  the  two  lowest  segments  become  united  by  bone,  and  the  process  of 
bony  union  gradually  extends  upward,  with  the  result  that  between  the  twenty-fifth  and  thirtieth 
years  of  life  all  the  segments  are  united.  On  examining  a  sagittal  section  of  the  sacrum,  the  situa- 
tions of  the  intervertebral  fibrocartilages  are  indicated  by  a  series  of  oval  cavities  (Fig.  246). 

Co€cyz. — The  coccyx  is  ossified  from  four  centres,  one  for  each  segment.  The  ossific  nuclei 
make  their  appearance  in  the  following  order:  in  the  first  segment  between  the  first  and  fourth 
years;  in  the  second  between  the  fifth  and  tenth  years;  in  the  third  between  the  tenth  and  fifteenth 
years;  in  the  fourth  between  the  ourteenth  and  twentieth  years.  As  age  advances,  the  segments 
unite  with  one  another,  the  union  between  the  first  and  second  segments  being  freq  ently  delayed 
until  after  the  age  of  twenty-five  or  thirty.  At  a  late  period  of  life,  especially  in  females,  the  coccyx 
often  fuses  with  the  sacrum. 


THE  VERTEBRAL  COLUMN  AS  A  WHOLE. 

The  vertebral  column  is  situated  in  the  median  line,  as  the  posterior  part  of  the 
trunk;  its  average  length  in  the  male  is  about  71  cm.  Of  this  length  the  cervical 
part  measures  12.5  cm.,  the  thoracic  about  28  cm.,  the  lumbar  18  cm.,  and  the 
sacrum  and  coccyx  12.5  cm.    The  female  column  is  about  61  cm.  in  length. 

Curves. — Viewed  laterally  (Fig.  258),  the  vertebral  column  presents  several 
curves,  which  correspond  to  the  different  regions  of  the  column,  and  are  called 
cervical,  thoracic,  lumbar,  and  pelvic.    The  cervical  curve,  convex  fonjv^ard,  begins 


1  The  ends  of  the  spinous  procesaes  of  the  upper  three  sacral  vertebrae  are  sometimes  developed  from  separate  epi- 
physes, and  Fawcett  (Anatomischer  Anseiger,  1907,  Band  xxz)  states  that  a  number  of  epiphysial  nodules  may  be 
seen  in  the  sacrum  at  the  age  of  eighteen  years.  These  are  distributed  as  follows:  One  for  each  of  the  mamillan^  pro- 
cesses of  the  first  sacral  vertebra:  twelve — six  on  either  side — in  connection  with  the  costal  elements  (two  each  tor  the 
first  and  second  and  one  each  for  the  third  and  fourth)  and  eight  for  the  transverse  procesaies — ^four  on  either  side — 
one  each  for  the  first,  third,  fourth,  and  fifth.  He  is  further  of  opinion  that  the  lower  part  of  each  lateral  surface  of 
the  sacrum  is  formed  by  the  extension  and  union  of  the  third  and  fourth  "costal"  and  fourth  and  fifth  "transverse" 
epiphyses. 
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at  the  apex  of  the  odontoid  process,  and 
ends  at  the  middle  of  the  second  thoracic 
vertebra;  it  is  the  least  marked  of  all  the 
curves.  The  thwacic  cur\'e,  concave  for- 
ward, begins  at  the  middle  of  the  second 
and  ends  at  the  middle  of  the  twelfth  tho- 
racic vertebra.  Its  most  prominent  point 
behind  corresponds  to  the  spinous  process 
of  the  seventh  thoracic  vertebra.  The 
hmbu  curve  is  more  marked  in  the  female 
than  in  the  male;  it  begins  at  the  middle  of 
the  last  thoracic  vertebra,  and  ends  at  the 
3acrovertebraI  angle.  It  is  convex  ante- 
riorly, the  convexity  of  the  lower  three 
vertebne  being  much  greater  than  that  of 
the  upper  two.  The  pelvic  curve  begins 
at  the  sacrovertebral  articulation,  and  ends 
at  the  point  of  the  coccyx;  its  concavity 
is  directed  downward  and  forward.  The 
thoracic  and  pelvic  curves  are  termed 
primary  curves,  because  they  alone  are 
present  during  fetal  life.  The  cervical 
and  lumbar  curves  are  compensatory  or 
secondary,  and  are  developed  after  birth, 
the  former  when  the  child  b  able  to  hold 
up  its  head  (at  three  or  four  months),  and 
to  sit  upright  (at  nine  months),  the  latter 
at  twelve  or  eighteen  months,  when  the 
child  begins  to  walk. 

The  vertebral  column  has  also  a  slight 
Utwtl  curvature,  the  convexity  of  which  is 
directed  toward  the  right  side.  This  may 
be  produced  by  muscular  action,  most 
persons  using  the  right  arm  in  preference 
to  the  left,  especially  in  making  long-con- 
tinued efforts,  when  the  body  is  curved 
to  the  right  side.  In  support  of  this  ex- 
planation it  has  been  found  that  in  one 
or  two  individuals  who  were  left-handed, 
the  convexity  was  to  the  left  side.  By  others 
this  cur%'ature  is  regarded  as  being  produced 
by  the  aortic  arch  and  upper  part  of  the 
descending  thoracic  aorta — a  view  which  is 
supported  by  the  fact  that  in  cases  where 
the  \'i3cera  are  transposed  and  the  aorta  is 
on  the  right  side,  the  convexity  of  the 
nir\-e  is  duected  to  the  left  side. 

Snitacm.  —  Anterior  Smface.  —  When 
newed  from  in  front,  the  width  of  the  bodies 
of  the  vertebrse  is  seen  to  increase  from  the 
second  cervical  to  the  first  thoracic;  there 
is  then  a  slight  diminution  in  the  next 
three  vertebrae;  below  this  there  is  again 
a  gradual  and  progressive  increase  in  width 
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as  low  as  the  sacrovertebral  angle.  From  this  point  there  is  a  rapid  diminution, 
to  the  apex  of  the  coccyx. 

Posterior  Surface. — ^The  posterior  surface  of  the  vertebral  column  presents  in 
the  median  line  the  spinous  processes.  In  the  cervical  region  (with  the  exception 
of  the  second  and  seventh  vertebrae)  these  are  short  and  horizontal,  with  bifid 
extremities.  In  the  upper  part  of  the  thoracic  region  they  are  directed  obliquely 
downward;  in  the  middle  they  are  almost  vertical,  and  in  the  lower  part  they  are 
nearly  horizontal.  In  the  lumbar  region  they  are  nearly  horizontal.  The  spinous 
processes  are  separated  by  considerable  intervals  in  the  lumbar  region,  by  narrower 
intervals  in  the  neck,  and  are  closely  approximated  in  the  middle  of  the  thoracic 
region.  Occasionally  one  of  these  processes  deviates  a  little  from  the  median  line 
— a  fact  to  be  remembered  in  practice,  as  irregularities  of  this  sort  are  attendant 
also  on  fractures  or  displacements  of  the  vertebral  column.  On  either  side  of  the 
spinous  processes  is  the  vertebral  groove  formed  by  the  laminae  in  the  cervical  and 
lumbar  regions,  where  it  is  shallow,  and  by  the  laminae  and  transverse  processes 
in  the  thoracic  region,  where  it  is  deep  and  broad;  these  grooves  lodge  the  deep 
muscles  of  the  back.  Lateral  to  the  vertebral  grooves  are  the  articular  processes, 
and  still  more  laterally  the  transverse  processes.  In  the  thoracic  region,  the  trans- 
verse processes  stand  backward,  on  a  plane,  considerably  behind  that  of  the  same 
processes  in  the  cervical  and  lumbar  regions.  In  the  cervical  region,  the  transverse 
processes  are  placed  in  front  of  the  articular  processes,  lateral  to  the  pedicles  and 
between  the  intervertebral  foramina.  In  the  thoracic  region  they  are  posterior 
to  the  pedicles,  intervertebral  foramina,  and  articular  processes.  In  the  lumbar 
region  they  are  in  front  of  the  articular  processes,  but  behind  the  intervertebral 
foramina. 

Lateral  Surfaces. — ^The  lateral  surfaces  are  separated  from  the  posterior  surface 
by  the  articular  processes  in  the  cervical  and  lumbar  regions,  and  by  the  transverse 
processes  in  the  thoracic  region.  They  present,  in  front,  the  sides  of  the  bodies 
of  the  vertebrae,  marked  in  the  thoracic  region  by  the  facets  for  articulation  with 
the  heads  of  the  ribs.  More  posteriorly  are  the  intervertebral  foramina,  formed 
by  the  juxtaposition  of  the  vertebral  notches,  oval  in  shape,  smallest  in  the  cervical 
and  upper  part  of  the  thoracic  regions,  and  gradually  increasing  in  size  to  the  last 
lumbar.  They  transmit  the  spinal  nerves  and  are  situated  between  the  transverse 
processes  in  the  cervical  region,  and  in  front  of  them  in  the  thoracic  and  lumbar 
regions. 

Base. — The  base  of  that  portion  of  the  vertebral  column  which  is  made  up  of 
the  twenty-four  movable  vertebrae  is  formed  by  the  under  surface  of  the  body 
of  the  fifth  lumbar  vertebrae;  and  the  summit,  by  the  upper  surface  of  the  atlas. 

Vertebral  Canal. — ^The  vertebral  canal  follows  the  different  curves  of  the  column; 
it  is  large  and  triangular  in  those  parts  of  the  column  which  enjoy  the  greatest 
freedom  of  movement,  viz.,  the  cervical  and  lumbar  regions;  and  is  small  and 
rounded  in  the  thoracic  region,  where  motion  is  more  limited. 

Api>lied  Anatomy. — Occasionally  the  coalescence  of  the  laminse  is  not  completed,  and  conse- 
quently a  cleft  is  left  in  the  arches  of  the  vertebrae,  through  which  a  protrusion  of  the  spinal 
membranes  (dura  mater  and  arachnoid),  and  generally  of  the  medulla  spinalis  itself,  takes  place, 
constituting  the  malformation  known  as  spina  bifida.  This  condition  is  most  common  in  the 
lumbosacral  region,  but  it  may  occur  in  the  thoracic  or  cervical  region,  or  the  arches  throughout 
the  whole  length  of  the  canal  may  remain  incomplete. 

The  construction  of  the  movable  part  of  the  vertebral  column  of  a  number  of  pieces,  securely 
connected  together  and  enjoying  only  a  slight  degree  of  movement  between  any  two  individual 
pieces,  but  permitting  of  a  very  considerable  range  as  a  whole,  allows  a  sufficient  degree  of  mobility 
without  any  material  diminution  of  strength.  The  many  joints  of  which  the  column  is  composed, 
together  with  the  very  varied  movements  to  which  it  is  subjected,  render  it  liable  to  sprains; 
but,  so  closely  are  the  individual  vertebrae  articulated  that  these  sprains  are  rarely  severe,  and 
an  amount  of  violence  sufficiently  great  to  produce  tearing  of  the  hgaments  would  tend  rather 
to  cause  a  dislocation  or  fracture.    The  further  safety  of  the  column  and  its  slight  liability  to 
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iniury  are  provided  for  by  its  disposition  in  curves  instead  of  in  a  straight  line.  For  it  is  an  elastic 
column,  and  must  bend  l)efore  it  breaks;  under  these  circumstances,  being  made  up  of  three  curves, 
it  represents  three  colunms,  and  greater  force  is  required  to  produce  bending  of  a  short  column 
than  of  a  longer  one  that  is  equal  to  it  in  breadth  tind  material.  Again,  the  safety  of  the  column 
is  largely  provided  for  by  the  presence  between  the  bodies  of  the  intervertebral  fibrocartilages, 
which  act  as  buffers  in  counteracting  the  effects  of  violent  jars  or  shocks. 

Fracture  dislocaiion  of  the  vertebral  column  may  be  caused  by  direct  or  indirect  violence. 
Fractures  from  indirect  violence  are  the  more  common,  and  here  the  bodies  of  the  vertebrae  are 
compressed;  while  the  arches  are  torn  asunder;  in  fracture  from  direct  violence,  on  the  other 
hand,  the  arches  are  compressed  and  the  bodies  of  the  vertebrae  separated  from  each  other.  It 
will  therefore  be  seen  that  in  both  classes  of  injury  the  medulla  spinalis  is  the  part  least  likely  to 
be  injured,  and  may  escape  damage  even  where  there  has  been  considerable  lesion  of  the  bony 
framework.  When  a  fracture  dislocation  is  produced  by  indirect  violence,  the  displacement  is 
almost  always  the  same;  the  upper  segment  being  driven  forward  on  the  lower,  so  that  the  medulla 
spinalis  is  compressed  between  the  body  of  the  vertebra  below  and  the  arch  of  the  vertebra  above. 

Diseases  of  the  Vertebral  Column. — Spinal  caries,  or  tuberculous  disease  affecting  the  cancellous 
tissue  of  the  bodies  of  the  vertebrae,  is  a  very  common  condition.  When  the  bodies,  having  been 
destroyed,  begin  to  fall  together,  the  spinous  processes  are  necessarily  thrown  backward  and 
stand  out  prominently,  especially  if  the  disease  affect  the  thoracic  region,  which  is  most  commonly 
the  case.  The  condition  then  goes  by  the  name  of  aixgvlar  curvature^  and  great  rigidity  of  the 
muscles  in  the  affected  region  accompanies  it.  Pressure,  by  the  inflammatory  thickenings  of  the 
disease,  is  apt  to  involve  the  spinal  nerv'^es  in  the  affected  region,  giving  rise  to  peripheral  pains, 
and  if  the  disease  be  in  the  lower  thoracic  vertebrae  the  pains  are  referred  to  the  epigastric  or 
umbilical  regions,  and  often  the  chief  thing  complained  of  is  "belly  ache.''  Chronic  abscess  forma- 
tion in  spinal  caries  is  very  frequent,  and  it  nearly  always  forms  in  front  of  the  vertebral  bodies. 
When  the  disease  is  in  the  lower  thoracic  region,  the  abscess  usually  tracks  down  behind  the 
Diaphragma  and  enters  the  Psoas  sheath,  forming  the  well-known  psoas  abscess,  which  may  present 
above  the  inguinal  ligament,  or  may  pass  beneath  it  into  the  thigh.  In  other  cases  the  abscess 
takes  a  backward  course  between  the  transverse  processes  and  presents  as  a  thoracic  or  lumbar 
abscess;  if  the  disease  affect  the  cervical  region  of  the  vertebral  column,  a  post-pharyngeal  abscess 
results. 

Lateral  curvature  of  the  vertebral  column  is  a  common  affection  in  girls  who  are  outgrowing  their 
strength  and  who  sit  or  stand  long  at  lessons,  and  is  due  to  the  uneven  transmission  of  weight 
down  the  column.  In  addition  to  the  lateral  displacement  of  the  spinous  processes  there  is  a 
marked  rotation  of  the  bodies  of  the  vertebrae,  the  displacement  of  which  is  far  in  excess  of  that 
of  the  spinous  processes.  When  the  curve  is  severe  and  the  bones  have  actually  become  distorted, 
the  condition  is  past  cure. 

Kxfphosis  is  an  affection  in  which  there  is  an  increase  in  the  normal  thoracic  curve,  and  is  due 
to  bending  forward  of  the  upper  part  of  the  body  carrying  the  weight  of  the  head.  It  is  seen 
in  rickety  children,  in  rapidly  growing  adolescents,  in  senile  conditions,  and  in  certain  diseases, 
Buch  as  osteoarthritis  and  osteitis  deformans.  In  the  senile  kyphosis  often  met  with  in  aged 
laborers,  the  head  is  firmly  fixed  and  bent  forward  and  downward  on  to  the  chest,  and  the  vertebral 
column  is  curved  and  rigid.  The  ribs  are  immobilized,  the  chest  is  flattened  Eintero-poeteriorly, 
and  breathing  becomes  almost  entirely  abdominal.  Postmortem,  bony  ankylosis  of  the  ligaments 
and  capsules  of  the  intervertebral  joints  is  found,  with  ossification  of  the  ligamenta  flava,  inter- 
spinal and  other  ligaments. 

It  may  be  noted  that  in  marked  cases  of  spinal  deformity  the  trachea  and  aorta  follow  closely 
along  the  line  of  a  spinal  curvature  occurring  in  their  vicinity,  whereas  the  oesophagus  between 
the  tracheal  bifurcation  and  the  stomach  often  passes  like  a  bowstring  across  the  concavity  of 
the  curve. 

Lordosis,  on  the  other  hand,  is  an  exaggeration  of  the  normal  liunbar  curve,  the  trunk  being 
thrown  backward.  This  is  always  a  compensatory  curve,  and  occurs  when,  from  any  cause  such 
as  pregnancy  or  tumors,  the  abdomen  is  enlarged.  It  is  more  strongly  marked  in  cases  of  disease 
of  the  hip-joint  where  the  joint  is  permanently  retained  in  a  flexed  position,  so  that  in  order  to 
bring  the  foot  down  to  the  ground  the  pelvis  has  to  be  tilted  forward,  and  this  is  accomplished  by 
an  increase  of  the  normal  lumbar  curve. 

Lamneclbmy. — ^The  operation  of  laminectomy  is  performed  in  cases  of  pressure  on  the  medulla 
spinalis,  where  the  continuity  of  the  nerve  tracts  has  not  been  completely  destroyed.  It  consists 
of  cutting  down  on  and  removing  the  laminae  and  spinous  processes  in  the  affected  region,  so  as 
to  relieve  the  medulla  spinalis  from  pressure;  but  it  is  useless  in  cases  of  complete  destruction 
of  this  structure.  Laminectomy  is  chiefly  performed  (1)  for  fracture  dislocation;  (2)  for  localized 
pressure  in  cases  of  spinal  caries,  the  object  here  being  to  remove  the  laminie  against  which  the 
medulla  spinalis  is  pressed  by  the  inflammatory  mass;  and  (3)  for  the  removal  of  tumors  growing 
inside  the  vertebral  canal  and  compressing  the  medulla  spinalis.  If  such  cases  be  taken  early, 
very  satisfactory  results  arc  obtained. 
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THE  THORAX. 

The  skeleton  of  the  thorax  or  chest  is  an  osseo-cartilaginous  cage,  containing 
and  protecting  the  principal  organs  of  respiration  and  circulation.  It  is  conical 
in  shape,  being  narrow  above  and  broad  below,  flattened  from  before  backward, 
and  longer  behind  than  in  front.  It  is  somewhat  reniform  on  transverse  section 
on  account  of  the  projection  of  the  vertebral  bodies  into  the  cavity. 

Boundaries. — ^The  posterior  surface  is  formed  by  the  twelve  thoracic  vertebrae 
and  the  posterior  parts  of  the  ribs.  It  is  convex  from  above  downward,  and  pre- 
sents on  either  side  of  the  middle  line  a  deep  groove,  in  consequence  of  the  lateral 
and  backward  direction  which  the  ribs  take  from  their  vertebral  extremities  to 
their  angles.  The  anterior  surface,  formed  by  the  sternum  and  costal  cartilages, 
is  flattened  or  slightly  convex,  and  inclined  from  above  downward  and  forward. 
The  lateral  surfaces  are  convex;  they  are  formed  by  the  ribs,  separated  from 
each  other  by  the  intercostal  spaces,  eleven  in  number,  which  are  occupied  by 
the  Intercostal,  muscles  and  membranes. 

The  upper  opeui^  of  the  thorax  is  reniform  in  shape,  being  broader  from  side 
to  side  than  from  before  backward.  It  is  formed  by  the  first  thoracic  vertebra 
behind,  the  upper  margin  of  the  sternum  in  front,  and  the  first  rib  on  either  side. 
It  slopes  downward  and  forward,  so  that  the  anterior  part  of  the  opening  is  on  a 
lower  level  than  the  posterior.  Its  antero-posterior  diameter  is  about  5  cm.,  and 
its  transverse  diameter  about  10  cm.  The  lower  opening  is  formed  by  the  twelfth 
thoracic  vertebra  behind,  by  the  eleventh  and  twelfth  ribs  at  the  sides,  and  in  front 
by  the  cartilages  of  the  tenth,  ninth,  eighth,  and  seventh  ribs,  which  ascend  on 
either  side  and  form  an  angle,  the  subcostal  angle,  into  the  apex  of  which  the 
xiphoid  process  projects.  The  lower  opening  is  wider  transversely  than  from 
before  backward,  and  slopes  obliquely  downward  and  Backward,  it  is  closed  by 
the  Diaphragma  which  forms  the  floor  of  the  thorax. 

The.  thorax  of  the  female  differs  from  that  of  the  male  as  follows:  1.  Its  capacity  is  less.  2. 
The  sternum  is  shorter.  3.  The  upper  margin  of  the  sternum  is  on  a  level  with  the  lower  part 
of  the  body  of  the  third  thoracic  vertebra,  whereas  in  the  male  it  is  on  a  level  with  the  lower 
part  of  the  body  of  the  second.  4.  The  upper  ribs  are  more  movable,  and  so  allow  a  greater 
enlargement  of  the  upper  part  of  the  thorax. 

The  Sternum  (Breast  Bone). 

The  sternum  (Figs.  259  to  261)  is  an  elongated,  flattened  bone,  forming  the 
middle  4)ortion  of  the  anterior  wall  of  the  thorax.  Its  upper  end  supports  the 
clavicles,  and  its  margins  articulate  with  the  cartilages  of  the  first  seven  pairs 
of  rios.  It  consists  of  three  parts,  named  from  above  downward,  the  manubrium, 
tl)^body  or  gladiolus,  and  the  xiphoid  process;  in  early  life  the  body  consists  of  four 
Segments  or  stemebrcB.  In  its  natural  position  the  inclination  of  the  bone  is  oblique 
/  from  above,  downward  and  forward.  It  is  slightly  convex  in  front  and  concave 
/  behind;  broad  above,  becoming  narrowed  at  the  point  where  the  manubrium  joins 
the  body,  after  which  it  again  widens  a  little  to  below  the  middle  of  the  body, 
and  then  narrows  to  its  lower  extremity.  Its  average  length  in  the  adult  is  about 
17  cm.,  and  is  rather  greater  in  the  male  than  in  the  female. 

Manubrium  (manubrium  stemi). — ^The  manubrium  is  of  a  somewhat  quad- 
rangular form,  broad  and  thick  above,  narrow  below  at  its  junction  with  the  body. 

Surfaces. — Its  anterior  surface,  convex  from  side  to  side,  concave  from  above 
downward,  is  smooth,  and  affords  attachment  on  either  side  to  the  sternal  origins 
of  the  Pectoralis  major  and  Sternocleidomastoideus.  In  well-marked  bones  the 
ridges  limiting  the  attachments  of  these  muscles  are  very  distinct.    Its  posterior 
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saifkce,  concave  and  smooth,  affords  attachment  on  either  side  to  the  Sterno- 
hyoideus  and  Sternothyreoideus. 

Borders. — ^The  saperior  bwder  is  the  thickest  and  presents  at  its  centre  the  jocalar 
or  prvBteniftl  notch;  on  either  side  of  the  notch  is  an  oval  articular  surface,  directed 
upward,  backward,  and  lateralward,  for  articulation  with  the  sternal  end  of  the 
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Fio.  259. — Anterior  nirfuw  ol  Hernum  uid  coital  cutilicei. 

clavicle.  The  inferior  bonier,  oval  and  rough,  is  covered  in  a  recent  state  with  a 
thin  layer  of  cartilage,  for  articulation  with  the  body.  The  Uteral  borders  are  each 
marked  above  by  a  depression  for  the  first  costal  cartilage,  and  below  by  a  small 
facet,  which,  with  a  similar  facet  on  the  upper  angle  of  the  body,  forms  a  notch 
for  the  reception  of  the  costal  cartilage  of  the  second  rib.     Between  the  depression 
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for  the  first  costal  cartilage  and  the  demi-facet  for  the  second  is  a  narrow,  cur\ed 
edge,  which  slopes  from  above  downward  and  medialward. 

Body  {corpits  stemi;  gladiolus). — The  body,  considerably  longer,  narrower,  and 
thinner  than  the  manubrium,  attains  its  greatest  breadth  close  to  the  lower  end. 

SnrfaceB. — Its  anterior  surface  is  nearly  £at,  directed  upward  and  forward, 
and  marked  by  three  transverse  ridges  which  cross  the  bone  opposite  the  third, 
fourth,  and  fifth  articular  depressions.'  It  affords  attachment  on  either  side  to 
the  sternal  origin  of  the  Pectoralis  major.  At  the  junction  of  the  third  and  fourth 
pieces  of  the  body  is  occasionally  seen  an  orifice,  the  sternal  foramen,  of  varying 
size  and  form.  The  posterior  smlace,  slightly  concave,  is  also  marked  by  three 
transverse  lines,  less  distinct,  however,  than  those  in  front;  from  its  lower  part, 
on  either  side,  the  Transversus  thoracis  takes  origin. 

t  Articular  turfacf 
for  davicU 
_.._»  Dtnreianlm  tnr 


I-  Zrd  eottal  cartilage 


th  eottal  eartilage 
Ih  costal  cartilage 


Fio.  260.— PMltrior  «urfa»  of  sternum.  FlQ.  261.— Lulstsl  boKler  of  BletBum. 

Borders. — The  saperior  bor&er  is  oval  and  articulates  with  the  manubrium,  the 
junction  of  the  two  forming  the  sternal  anjle  {angvlus  Lvdovic^}.  The  inferior 
border  is  narrow,  and  articulates  with  the  xiphoid  process.  Each  lateral  border 
(Fig.  261),  at  its  superior  angle,  has  a  small  facet,  which  with  a  similar  facet  on 
the  manubrium,  forms  a  cavity  for  the  cartilage  of  the  second  rib;  below  this 
are  four  angular  depressions  wltich  receive  the  cartilages  of  the  third,  fourth, 
fifth,  and  sixth  ribs,  while  the  inferior  angle  has  a  small  facet,  which,  with  a  cor- 
responding one  on  the  xiphoid  proc'ess,  forms  a  notch  for  the  cartilage  of  the  seventh 
rib.  These  articular  depressions  are  separated  by  a  series  of  curved  interarticular 
intervals,  which  diminish  in  length  from  above  downward,  and  correspond  to 

'  PBlvnaa  ITbt  Humin  SMrnum.  1004).  who  eiuiuned  524  >p«i]in)ena.  pointg  out  that  Iheae  ndiea  an  slta«ether 
absent  in  20.7  per  cent  :  that  in  flfl  por  cent,  a  ridge  nxista  opposite  tho  third  coaUl  attachmeat^  in  39  pei  cent,  oppoailo 
(he  fourth:  and  in  4  per  not.  only,  oppoaile  the  fifth. 

<  Named  after  the  FHDch  lurgeoa  .\ntfline  Louia.  1723-1792.  The  Latin  name  angulut  Ludotiri  i>  not  infrequentl)- 
mistranalat^d  into  English  aa  "the  ansle  of  l^udniE-" 
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the  intercostal  spaces.  Most  of  the  cartilages  belonging  to  the  true  ribs,  as  will 
be  seen  from  the  foregoing  description,  articulate  with  the  sternum  at  the  lines 
of  junction  of  its  primitive  component  segments.  This  is  well  seen  in  many  of 
the  lower  animals,  where  the  parts  of  the  bone  remain  ununited  longer  than  in 
man. 

Xiphoid  Process  (processus  odphoideus;  ensiform  or  xiphoid  appendix), — ^The 
xiphoid  process  is  the  smallest  of  the  three  pieces:  it  is  thin  and  elongated, 
cartilaginous  in  structure  in  youth,  but  more  or  less  ossified  at  its  upper  part  in 
the  adult. 

Surfaces. — Its  anterior  surface  affords  attachment  on  either  side  to  the  anterior 
costoxiphoid  ligament  and  a  small  part  of  the  Rectus  abdominis;  its  posterior  sur- 
face, to  the  posterior  costoxiphoid  ligament  and  to  some  of  the  fibres  of  the  Dia- 
phragma  and  Transversus  thoracis,  its  lateral  borders,  to  the  aponeuroses  of  the 
abdominal  muscles.  Above,  it  articulates  with  the  lower  end  of  the  body,  and 
on  the  front  of  each  superior  angle  presents  a  facet  for  part  of  the  cartilage  of  the 
seventh  rib;  below,  by  its  pointed  extremity,  it  gives  attachment  to  the  linea 
alba.  The  xiphoid  process  varies  much  in  form;  it  may  be  broad  and  thin,  pointed, 
bifid,  perforated,  curved,  or  deflected  considerably  to  one  or  other  side. 

Structure. — ^The  sternum  is  composed  of  highly  vascular  cancellous  tissue,  covered  by  a  thin 
layer  of  compact  bone  which  is  thickest  in  the  manubrium  between  the  articular  facets  for  the 
clavicles. 

Ossification. — ^The  sternum  originally  consists  of  two  cartilaginous  bars,  situated  one  on  either 
side  of  the  median  plane  and  connected  with  the  cartilages  of  the  upper  nine  ribs  of  its  own  side. 
These  two  bars  fuse  with  each  other  along  the  middle  line  to  form  the  cartilaginous  sternum  which 
is  ossified  from  six  centres:  one  for  the  manubrium,  four  for  the  body,  and  one  for  the  xiphoid 
process  (Fig.  262).  The  ossific  centres  appear  in  the  intervals  between  the  articular  depressions 
for  the  costal  cartilages,  in  the  following  order:  in  the  manubrium  and  first  piece  of  the  body, 
during  the  sixth  month;  in  the  second  and  third  pieces  of  the  body,  during  the  seventh  month  of 
fetal  life;  in  its  fourth  piece,  during  the  first  year  after  birth;  and  in  the  xiphoid  process,  between 
the  fifth  and  eighteenth  years.  The  centres  make  their  appearance  at  the  upper  parts  of  the  seg- 
ments, and  proceed  gradually  downward.^  To  these  may  be  added  the  occasional  existence  of 
two  small  epistemal  centres,  which  make  their  appearance  one  on  either  side  of  the  jugular  notch; 
they  are  probably  vestiges  of  the  epistemal  bone  of  the  monotremata  and  lizards.  Occasionally 
some  of  the  segments  are  formed  from  more  than  one  centre,  the  number  and  position  of  which 
vary  (Fig.  264).  Thus,  the  first  piece  may  have  two,  three,  or  even  six  centres.  When  two  are 
present,  they  are  generally  situated  one  above  the  other,  the  upper  being  the  larger;  the  second 
piece  has  seldom  more  than  one;  the  third,  fourth,  and  fifth  pieces  are  often  formed  from  two 
centres  placed  laterally,  the  irregular  union  of  which  explains  the  rare  occurrence  of  the  sternal 
foramen  (Fig.  265),  or  of  the  vertical  fissure  which  occasionally  intersects  this  part  of  the  bone; 
these  conditions  are  further  explained  by  the  manner  in  which  the  cartilaginous  sternum  is  formed. 
Union  of  the  various  centres  of  the  body  begins  about  puberty,  and  proceeds  from  below  upward 
(Fig.  263) ;  by  the  age  of  twenty-five  they  are  all  united.  The  xiphoid  process  may  become  joined 
to  the  body  before  the  age  of  thirty,  but  this  occurs  more  frequently  after  forty;  on  the  other 
hand,  it  sometimes  remains  ununited  in  old  age.  In  advanced  life  the  manubrium  is  occasionally 
joined  to  the  body  by  bone.  When  this  takes  place,  however,  the  bony  tissue  is  generally  only 
superficial,  the  central  portion  of  the  intervening  cartilage  remaining  imossified. 

ArticnlatioiiB. — ^The  sternum  articulates  on  either  side  with  the  clavicle  and  upper  seven  costal 
cartilages. 

The  Bibs  (Costae). 

The  ribs  are  elastic  arches  of  bone,  which  form  a  large  part  of  .the  thoracic 
skeleton.  They  are  twelve  in  number  on  either  side;  but  this  number  may  be 
increased  by  the  development  of  a  cervical  or  lumbar  rib,  or  may  be  diminished 
to  eleven.  The  first  seven  are  connected  behind  with  the  vertebral  column,  and  in 
front,  through  the  intervention  of  the  costal  cartilages,  with  the  sternum  (Fig. 
259);  they  are  called  true  or  vertebro-stemal  ribs.^    The  remaining  five  are  false 

^  Out  of  141  steraa  between  the  time  of  birth  and  the  age  of  sixteen  yeans,  Pateraon  {op.  cit.)  found  the  fourth  or 
lowest  centre  for  the  body  present  only  in  thirty-eight  cases — t.  e.,  26.9  per  cent. 

■  Sometimes  the  eighth  nb  cartilage  articulates  with  the  sternum;  this  condition  occurs  more  frequently  on  the 
right  than*  on  the  left  side. 


ribs;  of  these,  the  first  three  have  their  cartilages  attached  to  the  cartilage  of  the 
rib  above  (Tertobro-chondral) :  the  last  two  are  free  at  their  anterior  extremities 
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neck,  and  perforated  by  numerous  foramina .  Of  its  two  borders  the  superior  presents 
a  rough  crest  {crista  colli  costae)  for  the  attachment  of  the  anterior  costotransverse 
ligament;  its  inferior  border  is  rounded.  On  the  posterior  surface  at  the  junction 
of  the  neck  and  body,  and  nearer  the  lower  than  the  upper  border,  is  an  eminence 
— the  tubercle;  it  consists  of  an  articular  and  a  non-articular  portion.  The  articular 
portion,  the  lower  and  more  medial  of  the  two,  presents  a  small,  oval  surface  for 
articulation  with  the  end  of  the  transverse  process  of  the  lower  of  the  two  vertebrse 
to  which  the  head  is  connected.  The  nonrarticular  portion  is  a  rough  elevation, 
and  affords  attachment  to  the  ligament  of  the  tubercle.  The  tubercle  is  much  more 
prominent  in  the  upper  than  in  the  lower  ribs. 

Body. — ^The  body  or  shaft  is  thin  and  flat,  with  two  surfaces,  an  external  and  an 
internal ;  and  two  borders,  a  superior  and  an  inferior.  The  external  surface  is  convex, 
smooth,  and  marked,  a  little  in  front  of  the  tubercle,  by  a  prominent  line,  directed 
downward  and  lateralward;  this  gives  attachment  to  a  tendon  of  the  Ihocostalis, 
and  is  called  the  angle.  At  this  point  the  rib  is  bent  in  two  directions,  and  at  the 
same  time  twisted  on  its  long  axis.  If  the  rib  be  laid  upon  its  lower  border,  the 
portion  of  the  body  in  front  of  the  angle  rests  upon  this  border,  while  the  portion 
behind  the  angle  is  bent  medialward  and  at  the  same  time  tilted  upward;  as  the 
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Fia.  267. — A  central  rib  of  the  left  side,  viewed  from  behind. 

result  of  the  twisting,  the  external  surface,  behind  the  angle,  looks  downward, 
and  in  front  of  the  angle,  slightly  upward.  The  distance  between  the  angle  and  the 
tubercle  is  progressively  greater  from  the  second  to  the  tenth  ribs.  The  portion 
between  the  angle  and  the  tubercle  is  rounded,  rough,  and  irregular,  and  serves 
for  the  attachment  of  the  Longissimus  dorsi.  The  external  surface  presents, 
toward  its  sternal  end,  an  oblique  line,  the  anterior  angle.  The  internal  surface 
is  concave,  smooth,  directed  a  little  upward  behind  the  angle,  a  little  downward 
in  front  of  it,  and  is  marked  by  a  ridge  which  commences  at  the  lower  extremity 
of  the  head;  this  ridge  is  strongly  marked  as  far  as  the  angle,  and  gradually  becomes 
lost  at  the  junction  of  the  anterior  and  middle  thirds  of  the  bone.  Between  it 
and  the  inferior  border  is  a  groove,  the  costal  groove,  for  the  intercostal  vessels 
and  nerve.  At  the  back  part  of  the  bone,  this  groove  belongs  to  the  inferior  border, 
but  just  in  front  of  the  angle,  where  it  is  deepest  and  broadest,  it  is  on  the  internal 
surface.  The  superior  edge  of  the  groove  is  rounded  and  serves  for  the  attach- 
ment of  an  Intercostalis  internus;  the  inferior  edge  corresponds  to  the  lower 
margin  of  the  rib,  and  gives  attachment  to  an  Intercostalis  externus.  Within 
the  groove  are  seen  the  orifices  of  numerous  small  foramina  for  nutrient  vessels 
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nbich  traverse  the  shaft  obliquely  from  before  backward.  The  saperior  border, 
thick  aad  rounded,  is  marked  by  an  external  and  an  internal  lip,  more  distinct 
behind  than  in  front,  which  serve  for  the  attachment  of  Intercostales  externus 
and  intemus.  The  inferior  border  is  thin,  and  has  attached  to  it  an  Intercostalis 
extemus. 

InteriOT  Extremity. — ^The  anterior  or  sternal  extremity  is  flattened,  and  presents  a 
porous,  oval,  concave  depression,  into  which  the  costal  cartilage  is  received. 


Peenliar  Ribs. — The  first,  second,  tenth,  eleventh,  and  twelfth  ribs  present 
certain  variations  from  the  common  characteristics  described  above,  and  require 
special  consideration. 

Firat  Bib. — The  first  rib  (Fig.  268)  is  the  most  cur\-ed  and  usually  the  shortest 
of  all  the  ribs;  it  is  broad  and  flat,  its  surfaces  looking  upward  and  downward, 
and  its  borders  inward  and  outward.     The  head  is  small,  rounded,  and  p 
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only  a  single  articular  facet,  for  articulation  with  the  body  of  the  first  thoracic 
vertebra.  The  neck  is  narrow  and  rounded.  The  tubercle,  thick  and  prominent, 
is  placed  on  the  outer  border.  There  is  no  angle,  but  at  the  tubercle  the  rib  is 
slightly  bent,  with  the  convexity  upward,  so  that  the  head  of  the  bone  is  directed 
downward.  The  upper  surface  of  the  body  is  marked  by  two  shallow  grooves, 
separatee;)  from  each  other  by  a  slight  ridge  prolonged  internally  into  a  tubercle, 
the  scalene  tubercle,  for  the  attachment  of  the  Scalenus  anterior;  the  anterior 
groove  transmits  the  subclavian  vein,  the  posterior  the  subclavian  artery  and 
the  lowest  trunk  of  the  brachial  plexus.^  Behind  the  posterior  groove  is  a  rough 
area  for  the  attachment  of  the  Scalenus  medius.  The  under  surface  is  smooth, 
and  destitute  of  a  costal  groove.  The  outer  border  is  convex,  thick,  and  rounded, 
and  at  its  posterior  part  gives  attachment  to  the  first  digitation  of  the  Serratus 
anterior;  the  inner  border  is  concave,  thin,  and  sharp,  and  marked  about  its  centre 
by  the  scalene  tubercle.  The  anterior  extremity  is  larger  and  thicker  than  that 
of  any  of  the  other  ribs. 

Second  Bib. — ^The  second  rib  (Fig.  269)  is  much  longer  than  the  first,  but  has  a 
very  similar  curvature.  The  non-articular  portion  of  the  tubercle  is  occasionally 
only  feebly  marked.  The  angle  is  slight,  and  situated  close  to  the  tubercle.  The 
body  is  not  twisted,  so  that  both  ends  touch  any  plane  surface  upon  which  it  may 
be  laid;  but  there  is  a  bend,  with  its  convexity  upward,  similar  to,  though  smaller 
than  that  found  in  the  first  rib.  The  body  is  not  flattened  horizontally  like  that 
of  the  first  rib.  Its  external  surface  is  convex,  and  looks  upward  and  a  little  outward ; 
near  the  middle  of  it  is  a  rough  eminence  for  the  origin  of  the  lower  part  of  the 
first  and  the  whole  of  the  second  digitation  of  the  Serratus  anterior;  behind  and 
above  this  is  attached  the  Scalenus  posterior.  The  internal  surface,  smooth,  and 
concave,  is  directed  downward  and  a  little  inward:  on  its  posterior  part  there  is 
a  short  costal  groove. 

Tenth  Rib. — ^The  tenth  rib  (Fig.  270)  has  only  a  single  articular  facet  on  its  head. 

Eleventh  and  Twelfth  Ribs.— The  eleventh  and  twelfth  ribs  (Figs.  271  and  272) 
have  each  a  single  articular  facet  on  the  head,  which  is  of  rather  large  size;  they 
have  no  necks  or  tvbercleSy  and  are  pointed  at  their  anterior  ends.  The  eleventh 
has  a  slight  angle  and  a  shallow  costal  groove.  The  twelfth  has  neither;  it  is  much 
shorter  than  the  eleventh,  and  its  head  is  inclined  slightly  downward.  Sometimes 
the  twelfth  rib  is  even  shorter  than  the  first. 

Stnictore. — The  ribs  consist  of  highly  vascular  cancellous  tissue,  enclosed  in  a  thin  layer  of 
compact  bone. 

Ossification. — ^Each  rib,  with  the  exception  of  the  last  two,  is  ossified  from  four  centres;  a 
primary  centre  for  the  body,  and  three  epiphysial  centres;  one  for  the  head  and  one  each  for  the 
articular  and  non-artiCular  parts  of  the  tubercle.  The  eleventh  and  twelfth  ribs  have  each  only 
two  centres,  those  for  the  tubercles  being  wanting.  Ossification  begins  near  the  angle  toward  the 
end  of  the  second  month  of  fetal  life,  and  is  seen  first  in  the  sixth  and  seventh  ribs.  The  epiphyses 
for  the  head  and  tubercle  make  their  appearance  between  the  sixteenth  and  twentieth  years,  and 
are  united  to  the  body  about  the  twenty-fifth  year.  Fawcett'  states  that  ''in  all  probability  there 
is  usually  no  epiphysis  on  the  non-articular  part  of  the  tuberosity  below  the  sixth  or  seventh  rib. 

The  Costal  Cartilages  (Cartilagines  Costales). 

The  costal  cartilages  (Fig.  259)  are  bars  of  hyaline  cartilage  which  serve  to 
prolong  the  ribs  forward  and  contribute  very  materially  to  the  elasticity  of  the 
walls  of  the  thorax.  The  first  seven  pairs  are  connected  with  the  sternum;  the 
next  three  are  each  articulated  with  the  lower  border  of  the  cartilage  of  the  pre- 
ceding rib;  the  last  two  have  pointed  extremities,  which  end  in  the  wall  of  the 
abdomen.    Like  the  ribs,  the  costal  cartilages  vary  in  their  length,  breadth,  and 

>  Anat.  Anseiger,  1910,  Band  xxxvi.  *  Journal  of  Anatomy  and  Phyaiolosy.  voL  zlv. 
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direction.  They  increase  in  length  from  the  first  to  the  seventh,  then  gradually 
decrease  to  the  twelfth.  Their  breadth,  as  well  as  that  of  the  intervals  between 
them,  diminishes  from  the  first  to  the  last.  They  are  broad  at  their  attachments 
to  the  ribs,  and  taper  toward  their  sternal  extremities,  excepting  the  first  two, 
which  are  of  the  same  breadth  throughout,  and  the  sixth,  seventh,  and  eighth, 
which  are  enlarged  where  their  margins  are  in  contact.  They  also  varj^  in  direc- 
tion: the  first  descends  a  little,  the  second  is  horizontal,  the  third  ascends  slightly, 
while  the  others  are  angular,  following  the  course  of  the  ribs  for  a  short  distance, 
and  then  ascending  to  the  sternum  or  preceding  cartilage.  Each  costal  cartilage 
presents  two  surfaces,  two  borders,  and  two  extremities. 

Surfaces. — ^The  anterior  surface  is  convex,  and  looks  forward  and  upward:  that 
of  the  first  gives  attachment  to  the  costoclavicular  ligament  and  the  Subclavius 
muscle;  those  of  the  first  six  or  seven  at  their  sternal  ends,  to  the  Pectoralis  major. 
The  others  are  covered  by,  and  give  partial  attachment  to,  some  of  the  flat  muscles 
of  the  abdomen.  The  posterior  surface  is  concave,  and  directed  backward  and 
downward;  that  of  the  first  gives  attachment  to  the  Sternothyroideus,  those  of 
the  third  to  the  sixth  inclusive  to  the  Transversus  thoracis,  and  the  six  or  seven 
inferior  ones  to  the  Transversus  abdominis  and  the  Diaphragma. 

Borders. — Of  the  two  borders  the  superior  is  concave,  the  inferior  convex;  they 
afford  attachment  to  the  Intercostales  interni:  the  upper  border  of  the  sixth  gives 
attachment  also  to  the  Pectoralis  major.  The  inferior  borders  of  the  sixth,  seventh, 
eighth,  and  ninth  cartilages  present  heel-like  projections  at  the  points  of  greatest 
convexity.  These  projections  carry  smooth  oblong  facets  which  articulate  respec- 
tively with  facets  on  slight  projections  from  the  upper  borders  of  the  seventh, 
eighth,  ninth,  and  tenth  cartilages. 

Extremities. — ^The  lateral  end  of  each  cartilage  is  continuous  with  the  osseous 
tissue  of  the  rib  to  which  it  belongs.  The  medial  end  of  the  first  is  continuous 
with  the  sternum;  the  medial  ends  of  the  six  succeeding  ones  are  rounded  and  are 
received  into  shallow  concavities  on  the  lateral  margins  of  the  sternum.  The 
medial  ends  of  the  eighth,  ninth,  and  tenth  costal  cartilages  are  pointed,  and  are 
connected  each  with  the  cartilage  immediately  above.  Those  of  tiie  eleventh  and 
twelfth  are  pointed  and  free.  In  old  age  the  costal  cartilages  are  prone  to  undergo 
superficial  ossification. 

Applied  Anatomy. — Fracture  of  the  sternum  is  by  no  means  coimnon,  owing,  no  doubt,  to  the 
elasticity  of  the  ribs  and  their  cartilages  which  support  it  like  so  many  springs.  The  fracture 
usually  occurs  in  the  upper  half  of  the  body.  Dislocation  of  the  body  from  the  manubrium  may 
take  place,  and  is  sometimes  described  as  a  fracture. 

The  bone  is  frequently  the  seat  of  gummatous  tumors  and  not  uncommonly  is  affected  with 
caries. 

The  ribs  are  frequently  broken,  though  from  their  connections  and  shape  they  are  able  to 
withstand  great  force,  yielding  imder  the  injury  and  recovering  themselves  like  a  spring.  The 
middle  ribs  are  the  most  liable  to  fracture.  The  first  and  to  a  less  extent  the  second,  being  pro- 
tected by  the  clavicle,  are  rarely  fractured;  and  the  eleventh  and  twelfth  on  account  of  their 
loose  and  floating  condition  enjoy  a  like  inmiunity.  The  fracture  generally  occurs  from  indirect 
violence,  from  forcible  compression  of  the  chest  wall,  and  the  bone  then  gives  way  at  its  weakest 
part,  t.  e.,  just  in  front  of  the  angle.  But  the  ribs  may  also  be  broken  by  direct  violence,  in  which 
case  the  t)one  is  driven  inward  at  the  point  struck.  Fracture  of  the  ribs  is  frequently  complicated 
with  some  injury  to  the  viscera  contained  within  the  thorax  or  upper  part  of  the  abdominal  cavity; 
this  is  most  likely  to  occur  in  fractures  from  direct  violence. 

Fracture  of  the  costal  cartilages  or  separation  of  the  cartilages  from  the  ribs,  may  also  take 
place,  though  th^  are  comparatively  rare  injuries.  In  workmen  the  pressiue  of  tools  may  dis- 
place the  xiphoid  process  inward. 

The  ribs  are  frequently  the  seat  of  tuberculous  disease,  with  the  formation  of  a  chronic  abscess 
in  the  chest  walL  This  may  not  immediately  overlie  the  carious  portion  of  rib,  as  the  pus  is 
often  directed  a  considerable  distance  along  the  costal  groove  before  appearing  beneath  the 
integument. 

Resection  of  a  portion  of  a  rib  is  often  required  in  order  to  give  efficient  drainage  to  an  empyema; 
this  is  referred  to  in  the  description  of  the  respiratory  organs. 

15 
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Cervical  ribs  derived  from  the  seventh  cervical  vertebra  (page  201)  are  of  not  infrequent  occur- 
rence, and  are  important  clinically  because  they  may  give  rise  to  obscure  nervous  or  vascular 
symptoms.  The  cervical  rib  may  be  a  mere  epiphysis  articulating  only  with  the  transverse  process 
of  the  vertebra,  but  more  commonly  it  consists  of  a  defined  head,  neck,  and  tubercle,  with  or 
without  a  body.  It  extends  lateralward,  or  forward  and  lateralward,  into  the  posterior  triangle 
of  the  neck,  where  it  may  terminate  in  a  free  end  or  may  join  the  first  thoracic  rib,  the  first  costal 
cartilage,  or  the  sternum.^  It  varies  much  in  shape,  size,  direction,  and  mobility.  If  it  reach 
far  enough  forward,  part  of  the  brachial  plexus  and  the  subclavian  artery  and  vein  cross  over 
it,  and  are  apt  to  suffer  compression  in  so  doing.  Pressure  on  the  artery  may  obstruct  the  circula- 
tion so  much  that  arterial  thrombosis  results,  causing  gangrene  of  the  finger  tips.  Pressure  on 
the  nerves  is  commoner,  and  affects  the  eighth  cervical  and  first  thoracic  nerves,  causing  paralysis 
of  the  muscles  they  supply,  and  neuralgic  pains  and  paresthesia  in  the  area  of  skin  to  which  they 
are  distributed :  no  oculopupillary  changes  are  to  be  found.  If  these  symptoms  be  severe,  removal 
of  the  rib  or  as  much  of  it  as  causes  pressure  on  the  vessels  and  nerves  is  called  for.  The  operation 
is  not  free  from  difficulty,  and  has  been  followed  by  paralysis  of  the  muscles  and  by  subclavian 
aneurism,  due  to  injuries  inflicted  in  the  course  of  the  operation. 

The  thorax  is  frequently  found  to  be  altered  in  shape  in  certain  diseases. 

In  rickets f  the  ends  of  the  ribs,  where  they  join  the  costal  cartilages,  become  enlarged,  giving 
rise  to  the  so-called  "rickety  rosary,"  which  in  mild  cases  is  only  found  on  the  internal  surface 
of  the  thorax.  Lateral  to  these  enlargements  the  softened  ribs  sink  in,  so  as  to  present  a  groove 
passing  downward  and  lateralward  on  either  side  of  the  sternum.  This  bone  is  forced  forward 
by  the  bending  of  the  ribs,  and  the  antero-posterior  diameter  of  the  chest  is  increased.  The  ribs 
affected  are  the  second  to  the  eighth,  the  lower  ones  being  prevented  from  falling  in  by  the  pres- 
ence of  the  liver,  stomach,  and  spleen;  and  when  the  abdomen  is  distended,  as  it  often  is  in  rickets, 
the  lower  ribs  may  be  pushed  outward,  causing  a  transverse  groove  (Harrison's  sulcus)  just 
above  the  costal  arch.  This  deformity  or  forward  projection  of  the  sternum,  often  asjonmetrical, 
is  known  as  pigeon  breastj  and  may  be  taken  as  evidence  of  active  or  old  rickets  except  in  cases 
of  primary  spinal  curvature.  In  many  instances  it  is  associated  in  children  with  obstruction  in 
the  upper  air  passages,  due  to  enlarged  tonsils  or  adenoid  growths.  In  some  rickety  children  or 
adults,  and  also  in  others  who  give  no  history  or  further  evidence  of  having  had  rickets,  an  opposite 
condition  obtains.  The  lower  part  of  the  sternimi  and  often  the  xiphoid  process  as  well  are  deeply 
depressed  backward,  producing  an  oval  hollow  in  the  lower  sternal  and  upper  epigastric  regions. 
This  is  known  as  funnel  breast  (German,  Trichterbrust) ;  it  never  appears  to  produce  the  least 
disturbance  of  any  of  the  vital  fimctions.  The  phthisical  chest  is  often  long  and  narrow,  and  with 
great  obliquity  of  the  ribs  and  projection  of  the  scapulsB  In  pulmonary  emphysema  the  chest  is 
enlarged  in  all  its  diameters,  and  presents  on  section  an  almost  circular  outline.  It  has  received 
the  name  of  the  barrel-shaped  chest.  In  severe  cases  of  lateral  curvature  of  the  vertebral  column 
the  thorax  becomes  much  distorted.  In  consequence  of  the  rotation  of  the  bodies  of  the  vertebra 
which  takes  place  in  this  disease,  the  ribs  opposite  the  convexity  of  the  dorsal  curve  become 
extremely  convex  behind,  being  thrown  out  and  bulging,  and  at  the  same  time  flattened  in  front, 
so  that  the  two  ends  of  the  same  rib  are  almost  parallel.  Coincidently  with  this  the  ribs  on  the 
opposite  side,  on  the  concavity  of  the  curve,  are  sunk  and  depressed  behind,  and  bulging  and 
convex  in  front. 

It  is  commonly  said  that  in  tuberculosis  of  the  lungs  the  chest  is  characteristically  "flat," 
that  is  to  say,  that  the  ratio  of  its  antero-posterior  to  its  transverse  diameter  is  less  than  the 
normal.  But  by  careful  measurement  in  a  large  number  of  cases,  Woods  Hutchinson  has  shown 
that  this  is  not  so.  Taking  the  transverse  diameter  of  the  chest  at  the  nipple  level  as  *=  100,  he 
finds  that  in  the  normal  adult  man  between  the  ages  of  twenty  and  forty-four  the  antero-posterior 
diameter  =71.  In  82  phthisical  subjects  it  was  =79.5,  and  in  30  "flat-chested"  persons  was  = 
80.  He  explains  the  error  as  an  optical  illusion,  due  to  rolling  forward  of  the  shoulders  in  the 
"flat  chested;"  the  back  is  seen  to  be  correspondingly  rounded  and  protuberant,  while  the  forward 
position  of  the  shoulders  and  clavicles  lends  an  appearance  of  flattening  to  the  chest. 

More  or  less  shrinkage  of  one  side  of  the  thorax  is  often  seen  as  a  consequence  of  adhesive 
pleurisy,  in  which  the  pulmonary  and  parietal  pleurse  adhere  closely  to  one  another  and  the  lung 
becomes  collapsed  and  fibrosed.  If  this  process  be  at  all  complete,  great  deformity  of  the  chest 
results,  the  ribs  on  the  affected  side  falling  in,  together  with  obliteration  of  the  intercostal  spaces; 
the  contents  of  the  mediastinal  cavity  are  pulled  over  toward  the  affected  side,  the  other  lung 
becomes  emphysematous  compensatorily.  The  vertebral  colunm  becomes  scoliotic,  with  the 
concavity  of  the  curve  toward  the  affected  side. 

THE  SKULL. 

The  skull  is  supported  on  the  summit  of  the  vertebral  column,  and  is  of  an 
oval  shape,  wider  behind  than  in  front.    It  is  composed  of  a  series  of  flattened 
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or  irregular  bones  which,  with  one  exception  (the  mandible),  are  immovably 
jointed  together.  It  is  divisible  into  two  parts:  (1)  the  cranium,  which  lodges 
and  protects  the  brain,  consists  of  eight  bones,  and  (2)  the  skeleton  of  the  face, 
of  fourteen,  as  follows: 


Cranhrm,  8  bones 


Shall,  22  bones 


L  Face,  14  bones 


^ 


Occipital. 

Two  Parietals. 

Frontal. 

Two  Temporals. 

Sphenoidal. 

Ethmoidal. 

^  Two  Nasals. 

Two  Maxillae. 

Two  Lacrimals. 

Two  Zygomatics. 

Two  Palatines. 

Two  Inferior  Nasal  Conchae. 

Vomer. 
(  Mandible. 

In  the  Basle  nomenclature,  certain  bones  developed  in  association  with  the  nasal 
capsule,  viz.,  the  inferior  nasal  conchae,  the  lacrimals,  the  nasals,  and  the  vomer, 
are  grouped  as  cranial  and  not  as  facial  bones. 

The  hyoid  bone,  situated  at  the  root  of  the  tongue  and  attached  to  the  base 
of  the  skull  by  ligaments,  is  described  in  this  section. 


THE  CRANIAL  BONES    (OSS A   CRANH). 


The  Occipital  Bone  (Os  Occipitale). 

The  occipital  bone  (Figs.  273,  274),  situated  at  the  back  and  lower  part  of  the 
craniuna,  is  trapezoid  in  shape  and  curved  on  itself.  It  is  pierced  by  a  large  oval 
aperture,  the  foramen  mac^num,  through  which  the  cranial  cavity  communicate 
with  the  vertebral  canal. 

The  cur\'ed,  expanded  plate  behind  the  foramen  magnum  is  named  the  squama; 
the  th.ick,  somewhat  quadrilateral  piece  in  front  of  the  foramen  is  called  the 
basilar  part,  whilst  on  either  side  of  the  foramen  is  the  lateral  portion. 

The  Squama  (squama  occipitalis). — ^The  squama,  situated  above  and  behind 
the  foramen  magnum,  is  ciu^ed  from  above  downward  and  from  side  to  side. 

Surfaces. — The  external  surface  is  convex  and  presents  midway  between  the 
summit  of  the  bone  and  the  foramen  magnum  a  prominence,  the  external  occipital 
protuberance.  Extending  lateralward  from  this  on  either  side  are  two  curved 
lines,  one  a  little  above  the  other.  The  upper,  often  faintly  marked,  is  named 
the  liighest  nuchal  line,  and  to  it  the  galea  aponeurotica  is  attached.  The  lower 
is  termed  the  superior  nuchal  line.  That  part  of  the  squama  which  lies  above 
the  highest  nuchal  lines  is  named  the  planum  occipitale,  and  is  covered  by  the 
Occipitalis  muscle;  that  below,  termed  the  planum  nuchale,  is  rough  and  irregular 
for  the  attachment  of  several  muscles.  From  the  external  occipital  protuberance 
a  ridge  or  crest^  the  median  nuchal  line,  often  faintly  marked,  descends  to  the  fora- 
men magnum,  and  affords  attachment  to  the  ligamentum  nuchae;  running  from 
the  middle  of  this  line  across  either  half  of  the  nuchal  plane  is  the  inferior  nuchal 
line.  Several  muscles  are  attached  to  the  outer  surface  of  the  squama,  thus: 
the  superior  nuchal  line  gives  origin  to  the  Occipitalis  and  Trapezius,  and  insertion 
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to  the  Sternocl^domastoideus  and  Splenius  capitis:  into  the  surface  between 
the  superior  and  inferior  nuchal  lines  the  Semispinalis  capitis  and  the  Obliquus 
capitis  superior  are  inserted,  while  the  inferior  nuchal  line  and  the  area  below 
it  receive  the  insertions  of  the  Recti  capitis  posteriores  major  and  minor.  The 
posterior  atlantooccipital  membrane  is  attached  around  the  postero-lateral  part 
of  the  foramen  magnum,  just  outside  the  margin  of  the  foramen. 


Fia.  273.— Occipiul  bona.     Outs  surfsoe. 

The  internal  surface  is  deeply  concave  and  divided  into  four  fossee  by  a  cmdate 
eminence.  The  upper  two  fossee  are  triangular  and  lodge  the  occipital  lobes  of 
the  cerebrum;  the  lower  two  are  quadrilateral  and  accommodate  the  hemispheres 
of  the  cerebellum.  At  the  point  of  intersection  of  the  four  divisions  of  the  cruciate 
eminence  is  the  internal  occipital  protabeiance.  From  this  protuberance  the  upper 
division  of  the  cruciate  eminence  runs  to  the  superior  angle  of  the  bone,  and  on 
one  side  of  it  (generally  the  right)  is  a  deep  groove,  the  sagittal  solciu,  which  lodges 
the  hinder  part  of  the  superior  sagittal  sinus;  to  the  margins  of  this  sulcus  the  fabt 
cerebri  is  attached.  The  lower  division  of  the  cruciate  eminence  is  prominent, 
and  is  named  the  internal  occipital  crest;  it  bifurcates  near  the  foramen  magnum 
and  gives  attachment  to  the  falx  cerebelli;  in  the  attached  margin  of  tins  fabt 
is  the  occipital  sinus,  which  is  sometimes  duplicated.  In  the  upper  part  of  the 
'  internal  occipital  crest,  a  small  depression  is  sometimes  distinguishable;  it  is 
termed  the  vemiian  fossa  since  it  is  occupied  by  part  of  the  vermis  of  the  cerebellum. 
Transverse  grooves,  one  on  either  side,  extend  from  the  internal  occipital  protuber- 
ance to  the  lateral  angles  of  the  bone;  those  grooves  accommodate  the  transverse 
sinuses,  and  their  prominent  margins  give  attachment  to  the  tentorium  cerebelli. 
The  groove  on  the  right  side   is  usually  larger  than  that  on  the  left,  and  13 
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continuous  with  that  for  the  superior  sagittal  sinus.  Exceptions  to  this  condition 
are,  however,  not  infrequent;  the  left  may  be  larger  than  the  right  or  the  two 
may  be  almost  equal  in  size.  The  angle  of  union  of  the  superior  sagittal  and  trans- 
verse sinuses  is  named  the  confluence  of  the  sinuses  {torcidar-  HeropkUi^),  and  its 
position  is  indicated  by  a  depression  situated  on  one  or  other  side  of  the 
protuberance. 


Fio.  374.— OniiHtal  bone.     Inner  nicf an. 

Lateral  Puts  {pars  lateTolia). — The  lateral  parts  are  situated  at  the  sides  of 
the  foramen  magnum;  on  their  under  surfaces  are  the  condyles  for  articulation 
with  the  superior  facets  of  the  atlas.  The  condyles  are  oval  or  reniform  in  shape, 
and  their  anterior  extremities,  directed  forward  and  medialward,  are  closer  together 
than  their  posterior,  and  encroach  on  the  basilar  portion  of  the  bone;  the  posterior 
extremities  extend  back  to  the  level  of  the  middle  of  the  foramen  magnum.  The 
articular  surfaces  of  the  condyles  are  convex  from  before  backward  and  from 
side  to  side,  and  look  downward  and  lateralward.  To  their  margins  are  attache*g 
the  capsules  of  the  atlantooccipital  articulations,  and  on  the  medial  side  of  eai^j 
b  a  rough  impression  or  tubercle  for  the  alar  ligament.  At  the  base  of  eitlj^j 
condyle  the  bone  is  tunnelled  by  a.  short  canal,  the  hypoglossal  canal  (anfe^  ^ 
condyloid  foTamen).  This  begins  on  the  cranial  surface  of  the  bone  immedi^j^^^j 
above  the  foramen  magnum,  and  is  directed  lateralward  and  forward  abovf 
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condyle.  It  may  be  partially  or  completely  divided  into  two  by  a  spicule  of  bone; 
it  gives  exit  to  the  hypoglossal  or  twelfth  cerebral  nerve,  and  entrance  to  a  meningeal 
branch  of  the  ascending  pharyngeal  artery.  Behind  either  condyle  is  a  depression, 
the  condyloid  fossa,  which  receives  the  posterior  margin  of  the  superior  facet  of 
the  atlas  when  the  head  is  bent  backward;  the  floor  of  this  fossa  is  sometimes 
perforated  by  the  condyloid  canal,  through  which  an  emissary  vein  passes  from  the 
transverse  sinus.  Extending  lateralward  from  the  posterior  half  of  the  condyle 
is  a  quadrilateral  plate  of  bone,  the  jugnilftr  process,  excavated  in  front  by  the  jugular 
notch,  which,  in  the  articulated  skull,  forms  the  posterior  part  of  the  jugular  fora- 
men. The  jugular  notch  may  be  divided  into  two  by  a  bony  spicule,  the  intra- 
jugular  process,  which  projects  lateralward  above  the  hypoglossal  canal.  The 
under  surface  of  the  jugular  process  is  rough,  and  gives  attachment  to  the  Rectus 
capitis  lateralis  muscle  and  the  lateral  atlantooccipital  ligament;  from  this 
surface  an  eminence,  the  paramastoid  process,  sometimes  projects  downward,  and 
may  be  of  sufficient  length  to  reach,  and  articulate  with,  the  transverse  process 
of  the  atlas.  Laterally  the  jugular  process  presents  a  rough  quadrilateral  or  tri- 
angular area  which  is  joined  to  the  jugular  surface  of  the  temporal  boijie  by  a  plate 
of  cartilage;  after  the  age  of  twenty-five  this  plate  tends  to  ossify. 

The  upper  surface  of  the  lateral  part  presents  an  oval  eminence,  the  jugular 
tubercle,  which  overlies  the  hypoglossal  canal  and  is  sometimes  crossed  by  an 
oblique  groove  for  the  glossopharyngeal,  vagus,  and  accessory  nerves.  On  the 
upper  surface  of  the  jugular  process  is  a  deep  groove  which  curves  medialward 
and  forward  and  is  continuous  with  the  jugular  notch.  This  groove  lodges  the 
terminal  part  of  the  transverse  sinus,  and  opening  into  it,  close  to  its  medial 
margin,  is  the  orifice  of  the  condyloid  canal. 

Basilar  Part  {^ars  basilaris). — The  basilar  part  extends  forward  and  upward 
from  the  foramen  magnum,  and  presents  in  front  an  area  more  or  less  quadrilateral 
in  outline.  In  the  young  skull  this  area  is  rough  and  uneven,  and  is  joined  to  the 
body  of  the  sphenoid  by  a  plate  of  cartilage.  By  the  twenty-fifth  year  this  cartil- 
aginous plate  is  ossified,  and  the  occipital  and  sphenoid  form  a  continuous  bone. 
Surfaces. — On  its  lower  surface,  about  1  cm.  in  front  of  the  foramen  magnum, 
is  the  pharyngeal  tubercle  w^hich  gives  attachment  to  the  fibrous  raphS  of  the  pharjTix. 
On  either  side  of  the  middle  line  the  Longus  capitis  and  Rectus  capitis  anterior 
are  inserted,  and  immediately  in  front  of  the  foramen  magnum  the  anterior 
atlantooccipital  membrane  is  attached. 

The  upper  surface  presents  a  broad,  shallow  groove  which  inclines  upward 
and  forward  from  the  foramen  magnum;  it  supports  the  medulla  oblongata,  and 
near  the  margin  of  the  foramen  magnum  gives  attachment  to  the  membrana 
tectoria.  On  the  lateral  margins  of  this  surface  are  faint  grooves  for  the  inferior 
petrosal  sinuses. 

Foramen  Magnum. — ^The  foramen  magnum  is  a  large  oval  aperture  with  its  long 
diameter  antero-posterior;  it  is  wider  behind  than  in  front  where  it  is  encroached 
upon  by  the  condyles.  It  transmits  the  medulla  oblongata  and  its  membranes, 
the  accessory  nerves,  the  vertebral  arteries,  the  anterior  and  posterior  spinal 
arteries,  and  the  membrana  tectoria  and  alar  ligaments. 

Angles. — The  superior  angle  of  the  occipital  bone  articulates  wdth  the  occipital 
angles  of  the  parietal  bones  and,  in  the  fetal  skull,  corresponds  in  position  with  the 
aisterior  fontanelle.  The  inferior  angle  is  fused  with  the  body  of  the  sphenoid, 
i^ie  lateral  angles  are  situated  at  the  extremities  of  the  grooves  for  the  transverse 
iniiises:  each  is  received  into  the  interval  between  the  mastoid  angle  of  the  parietal 
terithe  mastoid  part  of  the  temporal. 

Trairders. — The  superior  borders  extend  from  the  superior  to  the  lateral  angles: 
anceare  deeply  serrated  for  articulation  with  the  occipital  borders  of  the  parietals, 
sinusorm  bv  this  union  the  lambdoidal  suture.  The  inferior  borders  extend  from 
Theg 
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the  lateral  angles  to  the  inferior  angle;  the  upper  half  of  each  articulates  with 
the  mastoid  portion  of  the  corresponding  temporal,  the  lower  half  with  the  petrous 
part  of  the  same  bone.  These  two  portions  of  the  inferior  border  are  separated 
from  one  another  by  the  jugular  process,  the  notch  on  the  anterior  surface  of  which 
forms  the  posterior  part  of  the  jugular  foramen. 

S&oetura. — The  occipital,  like  the  other  cranial  bones,  consists  of  two  compact  lamella!,  called 
the  outer  and  irtjier  labUi,  between  which  is  the  cancelloua  tissue  or  diplo^;  the  bone  ia  especially 
thick  at  the  ridges,  protuberancee,  condyles,  and  anterior  part  of  the  basilar  part;  in  the  inrerior 
ioesK  it  is  thin,  eemitransparent,  tuid  de8titut«  of  diploe. 

Oasiflcfttftm  (Fig,  275).— The  planum  occipitale  of  the  squama  ia  developed  in  membrane, 
and  may  remain  separate  throughout  life  when  it  constitutes  the  inUrparielal  bone;  the  rest  of 
the  bone  is  developed  in  cartilage.  The  number 
of  nuclei  for  the  planum  occipitale  ia  usually 
given  ae  four,  two  appearing  near  the  middle  hue 
about  the  second  month,  and  two  some  little 
distance   from   the    middle   line   about   the   third 

month  of  fetal  life.     The  planum  nuchale  of  the  j 

squama   is  ossified   from   two   centres,  which   ap-  m?"^^ 

pear  about  the  seventh  week  of  fetal  life  and  soon  ™ 

unit«  to  form  a  single  piece.  Union  of  the  upper 
and  lower  portions  of  the  aquama  takes  place  in 

the  third  month  of  fetal  hfe.    An  occasional  centre  _. 

(Kerckring)  appears  in  the  posterior  margin  of  the  ^^St 

foramen   magnum   during   the   fifth   month;   this 

forma  a  separate  ossicle  (sometimes  double)  which  '.iJU  .'jw'., 

uniles  with  the  rest  of  the  squama  before  birth.  eentrt 

E^h  of  the  lateral  parts  begins  to  ossify  from  a 

single  centre  during  the  eighth  week  of  fetal  life.  ^1^1!? 

The  basilar  portion  is  ossified  from  two  centres,  '""^ 

Mie  in  front  of  the  other;  these  appear  about  the 
sixth  week  of  fetal  life  and  rapidly  coalesce.  Mall' 
states  that  the  planum  occipitale  ia  ossified  from 
two  centres  and  the  basilar  portion  from  one. 
About  the  fourth  year  the  squama  and  the  two 

lateral  portions  unite,  and  about  the  sixth  year  F'o.  275— Orcipiui  booo  at  birth. 

the  bone  consists  of  a  single  piece.  Between  the 
eighteenth  and  twenty-fifth  years  the  occipital  and  sphenoid  become  united,  forming  a  single 

ArtirabHrau. — The  occipital  articulates  with  lix  bones:  the  two  parictals,  the  two  temporals, 
the  sphenoid,  and  the  alias. 

The  Parietal  Booe  (Os  Parietale). 

The  parietal  bones  form,  by  their  union,  the  sides  and  roof  of  the  cranium.  Each 
bone  is  irregularly  quadrilateral  in  form,  and  has  two  surfaces,  four  borders, 
and  four  angles. 

Snifaces.— The  external  soiface  (Fig.  276)  is  convex,  smooth,  and  marked  near 
the  centre  by  an  eminence,  the  parietal  eminence  {(vber  parietale),  which  indicates 
the  point  where  ossification  commenced.  Crossing  the  middle  of  the  bone  in  an 
arched  direction  are  two  curved  lines,  the  superior  and  inferior  temporal  lines;  the 
former  gives  attachment  to  the  temporal  fascia,  and  the  latter  indicates  the  upper 
limit  of  the  muscular  origin  of  the  Temporalis.  Above  theye  lines  the  bone  is 
covered  by  the  ^alea.  apone\irotic;g:  below  them  it  forms  part  of  the  temporal 
fossa,  and  affords  attachment  to  the  Temporalis  muscle.  At  the  back  part  and  • 
close  to  the  upper  or  sagittal  border  is  the  parietal  foramen,  which  transmits  a 
vein  to  the  superior  sagittal  sinus,  and  sometimes  a  small  branch  of  the  occipital 
nrterj-;  it  is  not  constantly  present,  and  its  size  varies  considerably. 
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The  internal  smf&ee  (Fig.  277)  is  concave;  it  presents  depressions  corresponding 
to  the  cerebral  convolutions,  and  numerous  furrows  for  Uie  ramifications  of  the 
middle  meningeal  vessel;'  the  lattv  run  upward  and  backward  from  the  sphenoidal 
angle,  and  from  the  central  and  posterior  part  of  the  MuaiaBus  border.  Along 
the  upper  margin  is  a  shallow  groove,  which,  together  with  that  on  the  opposite 
parietal,  forms  a  channel,  the  saffittal  salens,  for  the  superior  sagittal  sinus;  the 
edges  of  the  sulcus  afford  attachment  to  the  falx  cerebri.  Near  the  groove  are 
several  depressions,  best  marked  in  the  skulls  of  old  persons,  for  the  Uftclinold 
grannlattana  {Pacchionian  bodies).  In  the  groove  is  the  internal  opening  of  the 
parietal  foramen  when  that  aperture  exists. 

Artiaiiatet  teilh  oppotile  fariftal  bone 


occipita 


Borders. — The  sagittal  bwder,  the  longest  and  thickest,  is  dentated  and  articu- 
lates with  its  fellow  of  the  opposite  side,  forming  the  sagittal  suture.  The  sqnamooB 
border  is  divided  into  three  parts;  of  these,  the  anterior  is  thin  and  pointed,  bevelled 
at  the  expense  of  the  outer  surface,  and  overlapped  by  the  tip  of  the  great  wing 
of  the  sphenoid;  the  middle  portion  is  arched,  bevelled  at  the  expense  of  the  outer 
surface,  and  overlapped  by  the  squama  of  the  temporal;  the  posterior  part  is  thick 
and  serrated  for  articulation  with  the  mastoid  portion  of  the  temporal.  The 
frontal  txM^er  is  deeply  serrated,  and  bevelled  at  the  expense  of  the  outer  surface 
above  and  of  the  inner  below;  it  articulates  with  the  frontal  bone,  forming  one- 
half  of  the  coronal  sutnre.  The  occipital  border,  deeply  denticulated,  articulates 
with  the  occipital,  forming  one-half  of  the  lambdoidal  sntore. 

■  JouniBl  of  Anatilniy  uid  Fhyidoloo',  1912,  vol.  dvi. 
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Allies. — The  fronUl  ancle  is  practically  a  right  angle,  and  corresponds  with 
the  point  of  meeting  of  the  sagittal  and  coronal  sutures;  this  point  is  named  the 
bregma;  in  the  fetal  skull  -and  for  about  a  year  jnd  a  half  after  birth  this  region  is 
membranous,  and  is  called  the  antoiior  fontanelle.  The  spheiioidal  ancle,  thin 
and  acute,  is  received  into  the  interval  between  the  frontal  bone  and  the  great 
wing  of  the  sphenoid.  Its  inner  surface  is  marked  by  a  deep  groove,  sometimes 
a  canal,  for  the  anterior  divisions  of  the  middle  meningeal  artery.  The  occipital 
uicle  is  rounded  and  corresponds  with  the  point  of  meeting  of  the  sagittal  and 
lambdoidal  sutures — a  point  which  is  termed  the  lambda;  in  the  fetus  this  part 
of  the  skull  is  membranous,  and  is  called  the  posterior  fontaneUe.  The  mastoid 
ancle  is  truncated;  it  articulates  with  the  occipital  bone  and  with  the  mastoid 
portion  of  the  temporal,  and  presents  on  its  inner  surface  a  broad,  shallow  groove 
which  lodges  part  of  the  transverse  sinus.  The  point  of  meeting  of  this  angle 
with  the  occipital  and  the  mastoid  part  of  the  temporal  is  named  the  asterlon. 


Oasifieation. — The  parietal  bone  ia  ossified  in  membrane  from  a,  sbgle  ceatre,  which  appeare 
at  the  parietal  eminence  about  the  eighth  week  of  fetal  life.  Ossification  gradually  extends  in 
a  radial  nianner  from  the  centre  toward  the  mancins  of  the  bone;  the  angles  are  consequently 
the  parts  last  formed,  and  it  is  here  that  the  foatanelles  exist.  Occasionally  the  parietal  bone 
is  divided  into  two  parts,  upper  and  lower,  by  an  antero-posterior  suture. 

ArttcnlatioM.— The  parietal  articulates  with  five  bonea:  the  opposite  parietal,  the  occipital, 
frontal,  temporal,  and  sphenoid. 


The  Frontal  Bone  (Os  Frontale). 

The  trtoital  bone  resembles  a  cockle-shell  in  form,  and  consists  of  two  portions 
—a  vertical  portion,  the  squama,  corresponding  with  the  region  of  the  forehead; 
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and  an  orbital  or  lunuontal  portion,  which  enters  into  the  formation  of  the  roofs 
of  the  orbital  and  nasal  cavities. 

Squama  (ayuawia  frontalis). — Snrtaces. — The  external  florface  {Fig.  278}  of  this 
portion  is  convex  and  usually  exhibits,  in  the  lower  part  of  the  middle  line,  the 
remains  of  the  frontal  or  metopic  snture;  in  infancy  this  suture  divides  the  bone  into 
two,  a  condition  which  may  persist  throughout  life.  On  either  side  of  this  suture, 
about  3  cm.  above  the  supraorbital  margin,  is  a  rounded  elevation,  the  frontal  emi- 
nence {tuber  frontale).  These  eminences  vary  in  size  in  different  individuals,  are 
occasionally  unsymmetrical,  and  are  especially  prominent  in  young  skulls;  the  sur- 
face of  the  bone  above  them  is  smooth,  and  covered  by  the  galea  aponeurotica. 
Below  the  frontal  eminences,  and  separated  from  them  bj-  a  shallow  groove,  are 
two  arched  elevations,  the  superciliar;  arches;  these  are  prominent  medially,  and 


part  Zygov 


are  joined  to  one  another  by  a  smooth  elevation  named  the  glabella.  They  are 
la^;er  in  the  male  than  in  the  female,  and  their  degree  of  prominence  depends 
to  some  extent  on  the  size  of  the  frontal  air  sinuses;'  prominent  ridges  are,  how- 
ever, occasionally  associated  with  small  air  sinuses.  Beneath  each  superciliary 
arch  is  a  curved  and  prominent  margin,  the  supraorbital  margin,  which  forms  the 
upper  boundar^i-  of  the  base  of  the  orbit,  and  separates  the  squama  from  the  orbital 
portion  of  the  bone.  The  lateral  part  of  this  margin  is  sharp  and  prominent, 
affording  to  the  eye,  in  that  situation,  considerable  protection  from  injury;  the 
medial  part  is  rounded.    At  the  junction  of  its  medial  and  intermediate  thirds  is 
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a  notchj  sometimes  converted  into  a  foramen,  the  supraorbital  notch  or  foramen, 
which  transmits  the  supraorbital  vessels  and  nerve.    A  small  aperture  in  the  upper 
part  of  the  notch  transmits  a  vein  from  the  diploe  to  join  the  supraorbital  vein. 
The  supraorbital  margin  ends  laterally  in  the  zygomatic  process,  which  is  strong 
and  prominent,  and  articulates  with  the  zygomatic  bone.    Running  upward  and 
backward  from  this  process  is  a  well-marked  line,  the  temporal  line,  which  divides 
into  the  upper  and  lower  temporal  lines,  continuous,  in  the  articulated  skull,  with 
the  corresponding  lines  on  the  parietal  bone.    The  area  below  and  behind  the  tem- 
poral line  forms  the  anterior  part  of  the  temporal  fossa,  and  gives  origin  to  the 
TempK)ralis  muscle.  Between  the  supraorbital  margins  the  squama  projects  down- 
ward to  a  level  below  that  of  the  zygomatic  processes;  this  portion  is  known  as  the 
nasal  part  and  presents  a  rough,  uneven  interval,  the  nasal  notch,  which  articulates 
on  either  side  of  the  middle  line  with  the  nasal  bone,  and  laterallv  with  the  frontal 
process  of  the  maxilla  and  with  the  lacrimal.    The  term  nasion  is  applied  to  the 
middle  of  the  frontonasal  suture.    From  the  centre  of  the  notch  the  nasal  process 
projects  downward  and  forward  beneath  the  nasal  bones  and  frontal  processes  of 
the  maxillse,  and  supports  the  bridge  of  the  nose.    The  nasal  process  ends  below 
in  a  sharp  spine,  and  on  either  side  of  this  is  a  small  grooved  surface  which  enters 
into  the  formation  of  the  roof  of  the  corresponding  nasal  cavity.    The  spine  forms 
part  of  the  septum  of  the  nose,  articulating  in  front  with  the  crest  of  the  nasal 
bones  and  behind  with  the  perpendicular  plate  of  the  ethmoid. 

The  internal  surface  (Fig.  279)  of  the  squama  is  concave  and  presents  in  the 
upper  part  of  the  middle  line  a  vertical  groove,  the  sagittal  sulcus,  the  edges  of 
which  unite  below  to  form  a  ridge,  the  frontal  crest;  the  sulcus  lodges  the  superior 
sa^ttal  sinus,  while  its  margins  and  the  crest  afford  attachment  to  the  falx  cerebri. 
The  crest  ends  below  in  a  small  notch  which  is  converted  into  a  foramen,  the  fora- 
men cecum,  by  articulation  with  the  ethmoid.  This  foramen  varies  in  size  in 
different  subjects,  and  is  frequently  impervious;  when  open,  it  transmits  a  vein 
from  the  nose  to  the  superior  sagittal  sinus.  On  either  side  of  the  middle  line  the 
bone  presents  depressions  for  the  convolutions  of  the  brain,  and  numerous  small 
furrows  for  the  anterior  branches  of  the  middle  meningeal  vessels.  Several  small, 
irregular  fossae  may  also  be  seen  on  either  side  of  the  sagittal  sulcus,  for  the 
reception  of  the  arachnoid  granulations. 

Orbital  or  Horizontal  Part  {pars  orbitalis), — ^This  portion  consists  of  two  thin 
triangular  plates,  the  orbital  plates,  which  form  the  vaults  of  the  orbits,  and  are 
separated  from  one  another  by  a  median  gap,  the  ethmoidal  notch. 

Surfaces. — ^The  Inferior  surface  (Fig.  279)  of  each  orbital  plate  is  smooth  and 
concave,  and  pijfsents,  laterally,  under  cover  of  the  zygomatic  process,  a  shallow 
depression,  th^Jacrimal  fossa,  for  the  lacrimal  gland;  near  the  nasal  part  is  a  depres- 
sion, the  foYe.  trochlearis,  or  occasionally  a  small  trochlear  spine,  for  the  attach- 
ment of  thiKcartilaginous  pulley  of  the  Obliquus  oculi  superior.  The  superior 
surface  is  o^ivex,  and  marked  by  depressions  for  the  convolutions  of  the  frontal 
lobes  of  tly  brain,  and  faint  grooves  for  the  meningeal  branches  of  the  ethmoidal 
vessels. 

The  ethmoidal  notch  separates  the  two  orbital  plates;  it  is  quadrilateral,  and 
filled,  in  le  articulated  skull,  by  the  cribriform  plate  of  the  ethmoid.  The  margins 
of  the  l,tch  present  several  half-cells  which,  when  united  with  corresponding 
half-ceP  on  the  upper  surface  of  the  ethmoid,  complete  the  ethmoidal  air  cells. 
Two  gijves  cross  these  edges  transversely;  they  are  converted  into  the  anterior 
and  po^rior  ethmoidal  canals  by  the  ethmoid,  and  open  on  the  medial  wall  of  the 
orbit,  'he  anterior  canal  transmits  the  nasociliary  nerve  and  anterior  ethmoidal 
vessels,  he  posterior,  the  posterior  ethmoidal  nerve  and  vessels.  In  front  of  the 
ethmoitl  notch,  on  either  side  of  the  frontal  spine,  are  the  openings  of  the  frontal 
air  sinOs.      These  are  two  irregular  cavities,  which  extend  backward,  upward, 
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and  lateralward  for  a  variable  distance  between  the  two  tables  of  the  skull;  they 
are  separated  from  one  another  by  a  thin  bony  septum,  which  often  deviates  to 
one  or  other  side,  with  the  result  that  the  sinuses  are  rarely  symmetrical.  Absent 
at  birth,  they  are  usually  fairly  well-developed  between  the  seventh  and  eighth 
years,  but  only  reach  tlieir  full  size  after  puberty.  They  vary  in  size  in  different 
persons,  and  are  larger  in  men  than  in  women.'  They  are  lined  by  mucous  mem- 
brane, and  each  communicates  with  the  corresponding  nasal  cavity  by  means  of  a 
passage  called  the  trontcoiaBal  duet. 


Fio.  276— Frontal  t> 


Borden. — The  border  of  the  sqiuma  is  thick,  strongly  serrated, '>bcvelled  at  the 
expense  of  the  inner  table  above,  where  it  rests  upon  the  parietal  bones,  and  at 
the  expense  of  the  outer  table  on  either  side,  where  it  receives  the  lateral  pressure 
of  those  bones;  this  border  is  continued  below  into  a  triangular,  rAigh  surface, 
wliich  articulates  with  the  great  wing  of  the  sphenoid.  The  posteiijr  borders  of 
the  orbital  plates  are  thin  and  serrated,  and  articulate  with  the  small  \«ings  of  the 
sphenoid.  I 

.  Strnctnre. — The  squama  tmd  the  zygomatic  processes  are  very  thick,  conaistini  of  diploic 
tisaue  coatained  between  two  compact  lamiiue;  the  diploic  tissue  is  absent  in  the  regiois  occupied 
by  the  frontal  air  siousee.  The  orbital  portion  is  thin,  translucent,  and  composed  Batirely  of 
compact  bone;  hf^nce  the  facility  with  which  instruments  can  penetrate  the  craniun  through 
this  part  of  the  orbit ;  when  the  fronljtl  sinuees  are  exceptionally  large  they  may  extendbackward 
for  a  considerable  distance  into  thpQhitat  portion,  which  in  such  cases  also  consists  <t  only  two 

'  Aldnn  Turner  (The  AriTCUory  SinusH  of  tbr  NoHC.  1901)  Kiv«  Uh  [oUowiDK  RieuuremeDli  f( 
»»:  batbt.  1<4  inches;  brwrltb.  1  ineh;  da|>tV  rmra  hfton  bHc^knnl,  I  incb. 
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OniflMtioii  (Pig.  280).  —  The  frontal  bone  ia  ossified  in  membrane  from  two  priTnarj/ 
centres,  one  for  each  half,  which  appear  toward  the  end  of  the  second  month  of  fetal  life,  one 
above  each  Buproorbital  margin.  From  each  of  these  centres  ossiRcation  extends  upward  to  form 
the  eorreaponding  half  of  the  squama,  and  backward  to  form  the  orbital  plate.  The  epine  is 
asBified  from   a  pair  of   leeondary  centres, 

OD  either  aide  of  the  middle  line;    similar  o 

ceatres  appear  in  the  nasal  part  and  sygo-  '    "" 

matic  processes.  At  birth  the  bone  consiata 
of  two  pieces,  separated  by  the  frontal 
suture,  which  is  usually  obliterated,  except 
at  its  lower  part,  by  the  eighth  year,  but 
occasionally  persists  throughout  life.     It  is 

generally  maintained  that  the  development  I 

of  the  frontal  smusta  bt^ins  at  the  end  of  | 

the  firat  or  beginning  of  the  second  year, 
but  Onodi's  recent  researches  indicate  that 
development  begins  at  birth.  The  sinuses 
art  of  considerable  siie  by  the  seventh  or 
eiehtb  year,  but  do  not  attain  their  full 
proportions  until  after  puberty. 

litknlfcttoiu.  —  The  frontal  articulates 
with  luwtoe  bones:    the  sphenoid,  the  etb-  Micproceu 

moid,  the  two  parietala,  Uie  two  aasala,  the  Spine  "^^ 

(wo  maxilhe,    the  two  lacrimals,  and  the 

two  aygomatics,  F""-  ^M.^Fronfl  boi,e  at  birth. 

Tlifl  Temporal  Bone  (Oa  Ten^wrale). 

The  temporal  bones  are  situated  at  the  sides  and  base  of  the  skull.  Each  consists 
of  five  parts,  viz.,  the  aqnuna,  tlie  petroiu,  mastoid,  and  tTmpanic  parts,  and  the 
styloid  proceBB. 

The  Sqaama  (squama  temporal^). — The  squama  forms  the  anterior  and  upper 
part  of  the  bone,  and  is  scale-like,  thin,  and-  translucent. 

Sortaees. — Its  outer  surface  (Fig.  281)  is  smooth  and  convex;  it  affords  attach- 
ment to  the  Temporalis  muscle,  and  forms  part  of  the  temporal  fossa;  on  its  hinder 
part  is  a  vertical  groove  for  the  middle  temporal  artery.  A  curved  line,  the  tem- 
pml  line,  or  sapramastoid  crest,  runs  backward  and  upward  across  its  posterior 
part;  it  serves  for  the  attachment  of  the  temporal  fascia,  and  limits  the  origin 
of  the  Temporalis  muscle.  The  boundary  between  the  squama  and  the  m&stoid 
portion  of  the  bone,  as  indicated  by  traces  of  the  original  suture,  lies  about  1  cm. 
below  this  line.  Projecting  from  the  lower  part  of  the  squama  is  a  long,  arched 
process,  the  zyfomatic  process.  This  process  is  at  first  directed  lateralward,  its 
two  surfaces  looking  upward  and  downward;  it  then  appears  as  if  twisted  inward 
upon  itself,  and  runs  forward,  its  surfaces  now  looking  medialward  and  lateralward. 
The  superior  border  is  long,  thin,  and  sharp,  and  serves  for  the  attachment  of  the 
temporal  fascia;  the  inferior,  short,  thick,  and  arched,  has  attached  to  it  some 
fibres  of  the  Masseter.  The  lateral  surface  is  convex  and  subcutaneous;  the  medial 
is  concave,  and  affords  attachment  to  the  Masseter.  The  anterior  end  is  deeply 
serrated  and  articulates  with  the  zygomatic  bone.  The  posterior  end  is  connected 
to  the  squama  by  two  roots,  the  anterior  and  posterior  roots.  The  posterior  root,  a 
prolongation  of  the  upper  border,  is  strongly  marked;  it  runs  backward  above  the 
external  acoustic  meatus,  and  is  continuous  with  the  temporal  line.  The  anterior 
root,  continuous  with  the  lower  border,  is  short  but  broad  and  strong;  it  is  directed 
medialward  and  ends  in  a  rounded  eminence,  the  articnlar  tubercle  (eminentia 
ttiiicuhria).  This  tubercle  forms  the  front  boundary  of  the  mandibular  fossa, 
and  in  the  recent  state  is  covered  with  cartilage.  In  front  of  the  articular  tubercle 
is  a  small  triangular  area  which  assists  in  forming  the  infratemporal  fossa;  this 
area  is  separated  from  the  outer  surface  of  the  squama  by  a  ridge  which  is  continu- 
ous behind  with  the  anterior  root  of  the  zygomatic  process,  and  in  front,  in  the 
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articulated  skull,  with  the  infratemporal  crest  on  the  great  wing  of  the  sphenoid. 
Between  the  posterior  wall  of  the  external  acoustic  meatus  and  the  posterior  root 
of  the  zygomatic  process  is  the  area  called  the  soprameatal  triangle  (Macewen), 
or  mastoid  fossa,  through  which  an  instrument  may  be  pushed  into  tKe  tympanic 
antrum.  At  the  junction  of  the  anterior  root  with  the  zygomatic  process  is  a  pro- 
jection for  the  attachment  of  the  temporomandibular -ligament;  and  behind  the 
anterior  root  is  an  oval  depression,  forming  part  of  the  mandibular  fossa,  for  the 
reception  of  the  condyle  of  the  mandible.  The  mandibuUr  fossa  (glenoid  fossa) 
is  bounded,  in  front,  by  the  articular  tubercle;  behind,  by  the  tympanic  part  of 
the  bone,  which  separates  it  from  the  external  acoustic  meatus;  it  is  divided  into 
two  parts  by  a  narrow  slit,  the  petrotympanic  fissure  {Glaserian  Jiasvre).    The 


anterior  part,  formed  by  the  squama,  is  smooth,  covered  in  the  recent  state  with 
cartilage,  and  articulates  with  the  condyle  of  the  lyandible.  Behind  this  part 
of  the  fossa  is  a  small  conical  eminence;  this  is  the  representative  of  a  prominent 
tubercle  which,  in  some  mammals,  descends  behind  the  condyle  of  the  mandible, 
and  prevents  its  backward  displacement.  The  posterior  part  of  the  mandibular 
fossa,  formed  by  the  tympanic  part  of  the  bone,  is  non-articular,  and  sometimes 
lodges  a  portion  of  the  parotid  gland.  The  petrotympanic  fissure  leads  into  the 
middle  ear  or  tympanic  cavity;  it  lodges  the  anterior  process  of  the  malleus,  and 
transmits  the  tympanic  branch  of  the  internal  maxillary  artery.  The  chorda 
tympani  nerve  passes  through  a  canal  (canal  of  Hvguier),  separated  from  the  an- 
terior edge  of  the  petrotympanic  fissure  by  a  thin  scale  of  bone  and  situated  on 
the  lateral  side  of  the  auditory  tube,  in  the  retiring  angle  between  the  squama 
and  the  petrous  portion  of  the  temporal. 
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The  internal  surface  of  the  squama  (Fig.  282)  is  concave;  it  presents  depressions 
corresponding  to  the  convoiutions  of  the  temporal  lobe  of  the  brain,  and  grooves 
for  the  branches  of  the  middle  meningeal  vessels, 

Bordera. — The  superior  border  is  thin,  and  bevelled  at  the  expense  of  the  internal 
table,  so  as  to  overlap  the  squamous  border  of  the  parietal  bone,  forming  with 
it  the  squamosal  suture.  Posteriorly,  the  superior  border  forms  an  angle,  the 
pitietal -notch,  with  the  mastoid  portion  of  the  bone.  The  antero-inlerior  bwder 
is  thick,  serrated,  and  bevelled  at  the  expense  of  the  inner  table  above  and  of 
the  outer  below,  for  articulation  with  the  great  wing  of  the  sphenoid. 

Mastoid    Portion  (pars  mastoidedj.—The  mastoid  portion  forms  the  posterior 
part  of  the  bone. 


internal  actmetic  tnfotul 
Fia.  282,— Lefl  lemporvl  booe.     Inner  surfsw 

Snrfacea. — Its  outer  surface  (Fig.  281)  is  rough,  and  gives  attachment  to  the 
Occipitalis  and  Auricularis  posterior.  It  is  perforated  by  numerous  foramina;  one 
ol  these,  of  large  size,  situated  near  the  posterior  border,  is  termed  the  mastoid 
tcruuen;  it  transmits  a  vein  to  the  transverse  sinus  and  a  small  branch  of  the  occipi- 
tal artery  to  the  dura  mater.  The  position  and  size  of  this  foramen  are  very 
variable;  it  is  not  always  present;  sometimes  it  is  situated  in  the  occipital  bone, 
or  in  the  suture  between  the  temporal  and  the  occipital.  The  mastoid  portion  is 
continued  below  into  a  conical  projection,  the  mastoid  process,  the  size  and  form 
of  which  vary  somewhat;  it  is  larger  in  the  male  than  in  the  female.  This  process 
serves  for  the  attachment  of  the  Sternocleidomastoideus,  Splenius  capitis,  and 
Longissimus  capitis.  On  the  medial  side  of  the  process  is  a  deep  groove,  the 
mastoid  notch  (dtgastric  foasa),  for  the  attachment  of  the  Digastricus;  medial  to 
this  is  a  shallow  furrow,  the  occipital  Kioove,  which  lodges  the  occipital  arterj-. 
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Tbe  inner  snrf&ce  of  the  mastoid  portion  presents  a  deep,  curved  groove,  the 
siffmdd  snlcns,  which  lodges  part  of  the  transverse  sinus;  io  it  may  be  seen  the 
opening  of  the  mastoid  foramen.  The  groove  for  the  transverse  sinus  is  separated 
from  the  innermost  of  the  mastoid  air  cells  by  a  very  thin  lamina  of  bone,  and  even 
this  may  be  partly  deficient. 

Bordtts. — The  superior  border  of  the  mastoid  portion  is  broad  and  serrated,  For 
articulation  with  the  mastoid  angle  of  the  parietal.  The  posterior  border,  also 
serrated,  articulates  with  the  inferior  border  of  the  occipital  between  the  lateral 
angle  and  jugular  process.  Anteriorly  the  mastoid  portion  is  fused  with  the 
descending  process  of  the  squama  above;  below  it  enters  into  the  formation  of 
the  external  acoustic  meatus  and  the  tympanic  cavity. 


Fio.  283.— Coronal  wction  of  right  temporal  bone. 

A  section  of  the  mastoid  process  (Fig.  283)  shows  it  to  be  hollowed  out  into  a 
number  of  spaces,  the  mastoid  cells,  which  exhibit  the  greatest  possible  variety 
as  to  their  size  and  number.  At  the  upper  and  front  part  of  the  process  they  are 
large  and  irregular  and  contain  air,  but  toward  the  lower  part  diey  diminish  in 
size,  while  those  at  the  apex  of  the  process  are  frequently  quite  small  and  contain 
marrow;  occasionally  they  are  entirely  absent,  and  the  mastoid  is  then  solid 
throughout.  In  addition  to  these  a  large  irregular  cavity  is  situated  at  the  upper 
and  front  part  of  the  bone.  It  is  called  the  tympanic  antmm,  and  must  be  distin- 
guished from  the  mastoid  cells,  though  it  communicates  with  them.  Like  the  mas- 
toid cells  it  is  filled  with  air  and  lined  by  a  prolongation  of  the  mucous  membrane 
of  the  tympanic  cavity,  with  which  it  communicates.  The  tympanic  antrum  is 
bounded  above  by  a  thin  plate  of  bone,  the  tofmen  tjrmpani,  which  separates  it 
from  the  middle  fossa  of  the  base  of  the  skull;  below  by  the  mastoid  process;  lato 
ally  by  the  squama  just  below  the  temporal  line,  and  medially  by  the  lateral  semf- 
circular  canal  of  the  internal  ear  which  projects  into  its  cavity.  It  opens  in  front 
into  that  portion  of  the  tympanic  cavity  which  is  known  as  the  attic  or  epitympanic 
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IM«6B.  The  tympanic  antrum  is  &  cavity  of  some  considerable  size  at  the  time  of 
birth;  the  mastoid  air  cells  may  be  regarded  as  diverticula  from  the  antrum, 
and  begin  to  appear  at  or  before  birth;  by  the  fifth  year  they  are  well-marked, 
but  their  development  is  not  completed  until  toward  puberty. 

Patrons  Portioii  {para  petroaa  [pyramis]). — ^The  petrous  portion  or  pyramid  is 
pyramidal  and  is  wedged  in  at  the  base  of  the  skull  between  the  sphenoid  and . 
occipital.  Directed  medialward,  forward,  and  a  little  upward,  it  presents  for 
examination  a  base,  an  apex,  three  surfaces,  and  three  angles,  and  contains,  in 
its  interior,  the  essential  parts  of  the  organ  of  hearing. 

Bue. — The  base  is  fused  with  the  internal  surfaces  of  the  squama  and  mastoid 
portion. 

Apex. — ^The  apex,  rough  and  uneven,  is  received  into  the  angular  interval  between 
the  posterior  border  of  the  great  wing  of  the  sphenoid  and  the  basilar  part  of  the 
occipital;  it  presents  the  anterior  or  internal 
oriBce  of  the  carotid   canal,   and  forms  the 
postero-lateral  boundary'  of  the  foramen  lac- 
erum. 

Soifues. — ^The  anterior  surface  forms  the 
posterior  part  of  the  middle  fossa  of  the 
base  of  the  skull,  and  is  continuous  witli  the 
inner  surface  of  the  squamous  portion,  to  which 
it  is  united  by  the  petroBqaunonB  sntnre, 
remains  of  which  are  distinct  even  at  a  late 
period  of  life.  It  is  marked  by  depressions  for 
the  convolutions  of  the  brain,  and  presents 
six  points  for  examination:  (1)  near  the 
centre,  an  eminence  (eminentia  aTCuata)  which  <  s 

indicates  the  situation  of  the  superior  semi-       Fio.  234.— Di»Kr»minaiic  visw  of  the  fundm 

-_       1  ■     /rt\  ■     ■         .      •         1      Tiii     I    .         I       of  the  riflht  internal  ■coustia  meatus,    (Testut-) 

Circular  canal ;  (^i)  mfrontofandalittJe  lateral  1,  crin>  f &ieiformu.  2.  Area  facuiis,  wicb  gto 

'*o  thb  eminence,  a  depression  indicating  the  j^^SSU"^"™  r^aurji,™'^  4«^riE: 

position   of   the   tympanic   cavity:  here   the  (™ow'SS^i'  f^  m^  fi^^t.'"'^Ant^OT 

layer  of  bone  which  separates  the  tympanic  iofeno'  cnbKforni  11™*.  with  (so  \ia<  trMtu» 

*  .  ,'       ,  11"  ^it»liB  lormrainomu.  And  (5")  the  ouiallB  ixa- 

from    the   cranial   cavity  is  extremelv   thin,     treiia  ot  the  oooUea    a.  RidBe  Bemrsting  the 

...  ^1        .  .  ,       ,n\  tr»etiu  «pir»li»  foninimoiiuB  Irom  the  urea  enb- 

and  IS  known  as  the  tegmen  tympani;  (3)  a  nn  medut.  i.  Ana  cnbroHi  media,  with  (7^ 
shaUow  groove,  sometimes  double,  leading  ^^SLi"  """^  *"  "ccuia.  s.  ForameD 
lateralward  and  backward  to  an  oblique  open- 
ing, the  hiatus  of  the  ficial  canal,  for  the  passage  of  the  greater  superficial  petrosal 
nerve  and  the  petrosal  branch  of  the  middle  meningeal  arterj';  (4)  lateral  to  the 
hiatus,  a  smaller  opening,  occasionally  seen,  for  the  passage  of  the  lesser  superficial 
petrosal  nerve;  (5)  near  the  apex  of  the  bone,  the  termination  of  the  carotid  canal, 
the  wall  of  which  in  this  situation  is  deficient  in  front;  (6)  above  this  canal  the 
shallow  trifeininal  impression  for  the  reception  of  the  semilunar  ganglion. 

The  posterior  snrfacq  (Fig.  282)  forms  the  front  part  of  the  posterior  fossa  of 
the  base  of  the  skull,  and  is  continuous  with  the  inner  surface  of  the  mastoid 
portion.  Near  the  centre  is  a  large  orifice,  the  internal  aconstic  meatas,  the  size  of 
which  varies  considerably;  its  margins  are  smooth  and  rounded,  and  it  leads  into 
a  short  canal,  about  1  cm.  in  length,  which  runs  lateralward.  It  transmits  the 
facial  and  acoustic  nerves  and  the  internal  auditory  branch  of  the  basilar  artery. 
The  lateral  end  of  the  canal  is  closed  by  a  vertical  plate,  which  is  divided  by  a 
horizontal  crest,  ^k-  crista  faldtormls,  into  two  unequal  portions  (Fig.  284).  Each 
portion  is  furthif  subdivided  by  a  vertical  ridge  into  an  anterior  and  a  posterior 
part.  In  the  fcrtion  beneath  the  crista  falciformis  are  three  sets  of  foramina; 
one  group,  just  Velow  the  posterior  part  of  the  crest,  situated  in  the  area  cribrosa 
media,  consists  <*  several  small  openings  for  the  nerves  to  the  saccule;  below  and 
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behind  this  area  is  the  loramen  nnculare,  or  opening  for  the  nerve  to  the  posterior 
semicircular  duct;  iu  front  of  and  below  the  first  is  the  tr&cttu  spiralia  foruninoeas, 
consisting  of  a  number  of  small  spirally  arranged  openings,  which  encircle  the  cuiaUs 
centralis  cochleae;  these  openings  together  with  this  central  canal  transmit  the 
nerves  to  the  cochlea.  The  portion  above  the  crista  falciformis  presents  behind, 
the  area  cribrosa  snperior,  pierced  by  a  series  of  small  openings,  for  the  passage  of 
the  nerves  to  the  utricle  and  the  superior  and  lateral  semicircular  ducts,  and,  in 
front,  the  area  facialis,  with  one  large  opening,  the  commencement  of  the  canal 
for  the  facial  nerve  (aqoaedoctos  Fall<qdl).  Behind  the  internal  acoustic  meatus 
is  a  small  slit  almost  hidden  by  a  thin  plate  of  bone,  leading  to  a  canal,  the  aqoae- 
dnctoB  vesUbnll,  which  transmits  the  ductus  endolymphaticus  together  with  a 
small  artery  and  vein.  Above  and  hetween  these  two  openings  is  an  irregular 
depression  which  ledges  a  process  of  the  dura  mater  and  transmits  a  small  vein; 
in  the  infant  this  depression  is  represented  by  a  large  fossa,  the  subarcnate  fossa, 
which  extends  backward  as  a  blind  tunnel  under  the  superior  semicircular  canal. 


Lev.  vdi  p 
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The  inferior  surface  (Fig.  285)  is  rough  and  irregular,  and  Jporms  part  of  the 
exterior  of  the  base  of  the  skull.  It  presents  eleven  points  fj^,,r  examination:  (1) 
near  the  apex  is  a  rough  surface,  quadrilateral  in  form,  which  jpserves  partly  for  the 
attachment  of  the  I-evator  veli  palatini  and  the  cartilaginous  , portion  of  the  audi- 
tory tube,  and  partly  for  connection  with  the  basilar  part  oLf  the  occipital  bone 
through  the  inte^^■ention  of  some  dense  fibrous  tissue;  (2)  behind  this  is  the  large 
circular  aperture  of  the  carotid  canal,  which  ascends  at  first  ^^ertWcally,  and  then, 
making  a  bend,  runs  horizontally  forward  and  medialward;  it  transmits  into  the 
cranium  the  Internal  carotid  artery,  and  the  carotid  plexus  of  n<f  rves;  {3}  medial 
to  the  opening  for  the  carotid  canal  and  close  to  its  posterior  bijorder,  in  front  of 
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the  jugular  fossa,  is  a  triangular  depression;  at  the  apex  of  this  is  a  small  opening, 
the  aquaeductos  cochleae,  which  lodges  a  tubular  prolongation  of  the  dura  mater 
and  transmits  a  vein  from  the  cochlea  to  join  the  internal  jugular;  (4)  behind  these 
openings  is  a  deep  depression,  the  jugular  fossa,  of  variable  depth  and  size  in  different 
skulls;  it  lodges  the  bulb  of  the  internal  jugular  vein;  (5)  in  the  bony  ridge  dividing 
the  carotid  canal  from  the  jugular  fossa  is  the  small  inferior  tympanic  canaUculus 
for  the  passage  of  the  tympanic  branch  of  the  glossopharyngeal  nerve;  (6)  in  the 
lateral  part  of  the  jugular  fossa  is  the  mastoid  canaliculus  for  the  entrance  of  the 
auricular  branch  of  the  vagus  nerve;  (7)  behind  the  jugular  fossa  is  a  quadrilateral 
area,  the  jugular  surface,  covered  with  cartilage  in  the  recent  state,  and  articulating 
with  the  jugular  process  of  the  occipital  bone;  (8)  extending  backward  from  the 
carotid  canal  is  the  vai^nal  process,  a  sheath-like  plate  of  bone,  which  divides 
behind  iato  tw^o  laminae;  the  lateral  lamina  Is  continuous  with  the  tympanic  part 
of  the  bone,  the  medial  with  the  lateral  margin  of  the  jugular  surface;  (9)  between 
these  laminae  is  the  styloid  process,  a  sharp  spine,  about  2.5  cm.  in  length;  (10) 
between  the  styloid  and  mastoid  processes  is  the  stylomastoid  foramen;  it  is  the 
termination  of  the  facial  canals  and  transmits  the  facial  nerve  and  stylomastoid 
artery;  (11)  situated  between  the  tympanic  portion  and  the  mastoid  process  is  the 
tympanomastoid  fissure,  for  the  exit  of  the  auricular  blranch  of  the  vagus  nerve. 

Angles. — ^The  superior  angle,  the  Longest,  is  grooved  for  the  superior  petrosal 
sinus,  and  gives  attachment  to  the  tentorium  cerebelli;  at  its  medial  extremity 
is  a  notch,  in  which  the  trigeminal  nerve  lies.  The  posterior  angle  is  intermediate 
in  length  between  the  superior  and  the  anterior.  Its  medial  half  is  marked  by 
a  sulcus,  which  forms,  with  a  corresponding  sulcus  on  the  occipital  bone,  the 
channel  for  the  inferior  petrosal  sinus.  Its  lateral  half  presents  an  excavation 
—the  jugular  fossa — ^which,  with  the  jugular  notch  on  the  occipital,  forms  the  v* 

jugular  foramen;  an  eminence  occasionally  projects  from  the  centre  of  the  fossa, 
and  divides  the  foramen  into  two.  The  anterior  angle  is  divided  into  two  parts 
—a  lateral  joined  to  the  squama  by  a  suture  {^petrosquamous) ,  the  remains  of  which 
are  more  or  less  distinct;  a  medial,  free,  which  articulates  with  the  spinous  process 
of  the  sphenoid. 

At  the  angle  of  junction  of  the  petrous  part  and  the  squama  are  two  canals, 
one  above  the  other,  and  separated  by  a  thin  plate  of  bone,  the  septum  canalis 
musculotubarii  (jprocessus  cocUeariformis) ;  both  canals  lead  into  the  tympanic 
cavity.  The  upper  one  (semicanalis  m.  tensoris  tympani)  transmits  the  Tensor 
t^Tnpani,  the  lower  one  {semicanalis  tubas  auditivae)  forms  the  bony  part  of  the 
auditory  tube. 

The  tympanic  cavity,  auditory  ossicles,  and  internal  ear,  are  described  with 
the  organ  of  hearing. 

Tympanic  Part  {pars  tympanica), — ^The  tympanic  part  is  a  curved  plate  of  bone 
lying  below  the  squama  and  in  front  of  the  mastoid  process. 

Surfaces. — Its  postero-superior  surface  is  concave,  and  forms  the  anterior  wall, 
the  floor,  and  part  of  the  posterior  wall  of  the  bony  external  acoustic  meatus. 
Medially,  it  presents  a  narrow  furrow,  the  tympanic  sulcus,  for  the  attachment 
of  the  tympanic  membrane.  Its  antero-inferior  surface  is  quadrilateral  and  slightly 
concave;  it  constitutes  the  posterior  boundary  of  the  mandibular  fossa,  and  is 
in  contact  with  the  retromandibular  part  of  the  parotid  gland. 

Borders. — Its  lateral  border  is  free  and  rough,  and  gives  attachment  to  the  car- 
tilaginous part  of  the  external  acoustic  meatus.  Internally,  the  tympanic  part 
is  fused  with  the  petrous  portion,  and  appears  in  the  retreating  angle  between 
it  and  the  squama,  where  it  lies  below  and  lateral  to  the  orifice  of  the  auditory 
tube.  Posteriorly,  it  blends  with  the  squama  and  mastoid  part,  and  forms  the 
anterior  boundary  of  the  tympanomastoid  fissure.  Its  upper  border  fuses  laterally 
with  the  back  of  the  postglenoid  process,  while  medially  it  bounds  the  petro- 
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tympaoic  fissure.  The  medial  part  of  the  lower  bordsr  is  thin  and  sharp;  its  lateral 
part  splits  to  enclose  the- root  of  the  styloid  process,  and  is  therefore  named  the 
Tftginal  process.  The  central  portion  of  the  tympanic  part  is  thin,  and  in  a  consid- 
erable percentage  of  skulls  is  perforated  by  a  hole,  the  foruaen  of  Hiuchke. 

The  oxtemal  acoustic  meatus  is  nearly  2  cm.  long  and  is  directed  inward  and 
slightly  forward:  at  the  same  time  it  forms  a  slight  curve,  so  that  the  floor  of  the 
canal  is  convex  upward.  In  sagittal  section  it  presents  an  oval  or  elliptical  shape 
with  the  long  axis  du-ected  downward  and  slightly  backward.  Its  anterior  wall 
and  floor  and  the  lower  part  of  its  posterior  wall  are  formed  by  the  tympanic 
part;  the  roof  and  upper  part  of  the  posterior  wall  by  the  squama.  Its  inner 
end  is  closed,  in  the  recent  state,  by  the  tympanic  membrane;  the  upper  limit 
of  its  outer  orifice  is  formed  by  the  posterior  root  of  the  zygomatic  process,  imme- 
diately below  which  there  is  sometimes  seen  a  small  spine,  the  suprameatal  spine, 
situated  at  the  upper  and  posterior  part  of  the  orifice. 

Styldd  Process  {processus  styloidmui). — The  styloid  process  b  slender,  pointed, 
and  of  varying  length;  it  projects  downward  and  forward,  from  the  under  surface 
of  the  temporal  bone.  Its  proximal  part  (tymparuihyat)  is  ensheathed  by  the 
vaginal  process  of  the  tympanic  portion,  while  its  distal  part  (stylohyal)  gives 
attachment  to  the  stylohyoid  and  stylomandibular  ligaments,  and  to  the  Stylo- 
gloasus,  Stylohyoideus,  and  Stylopharyngeus  muscles.  The  stylohyoid  ligament 
extends  from  the  apex  of  the  process  to  the  lesser  comu  of  the  hyoid  bone,  and 
Jn  some  instances  is  partially,  in  others  completely,  ossified. 

Stpttim  eanalia  rn'oxutotubarii 

J,  Sulcua  tymfonieus 


a? 


laUral  mall  oj  ' 
tympanic  anJrum 

th.    1.  Outer  Burfaoe  of  petromiutmd  pAFt. 
mr  aurf  ACQ  of  Bquam*. 

Stmctnre. — The  etnicture  of  the  squama  is  like  that  of  the  other  cranial  bones:  the  mastoid 
portion  ia  spongy,  and  the  petrous  portion  denae  and  hard. 

Ossiflutioii. — The  temporal  bone  is  ossified  from  eight  centres,  exclusive  of  those  for  the  internal 
ear  and  the  tympanic  ossicles,  vis.,  one  for  the  squama  including  the  zygomatic  process,  one  for 
the  tympanic  ptut,  four  for  the  petrous  and  mastoid  parts,  and  two  for  the  styloid  process.  Just 
before  the  close  of  fetal  life  (Fig.  286)  the  temporal  bone  consists  of  three  principal  parts:  1. 
The  t(piama  is  ossified  in  membrane  from  a  single  nucleus,  which  appears  near  the  root  of  the 
zygomatic  process  about  the  second  month.  2.  The  pelromasUiid  part  ie  developed  from  four 
centres,  which  make  their  appearance  in  the  cartil^nous  ear  capsule  about  the  fifth  or  sixth 
month.  One  ipro6lic)  appears  in  the  neighborhood  of  the  eminentia  arcuata,  spreads  in  front 
and  above  the  internal  acoustic  meatus  and  extends  to  the  ^ex  of  the  bone;  it  forms  part  of  the 
cochlea,  vestibule,  superior  semicircular  canal,  and  medial  wall  of  the  tympanic  cavity.  A  second 
(opistholic)  appears  at  the  promontory  on  the  medial  wall  of  the  tympanic  cavity  and  surrounds 
the  fenestra  cochleae;  it  forms  the  floor  of  the  tympanic  cavity  and  vestibule,  surrounds  the  carotid 
canal,  invests  the  lateral  and  lower  part  of  the  cochlea,  and  spreads  medially  below  the  Internal 
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acoustic  meatus.  A  third  (pUrotic)  roofs  in  the  tympanic  cavity  and  antrum;  while  the  fourth 
lepiatie)  appears  near  the  posterior  semicircular  canal  and  extends  to  form  the  mastoid  procesa 
(\'Tolik).  3.  The  tympanic  ring  is  an  incomplete  circle,  in  the  concavity  of  which  is  a  groove, 
the  tympanic  sulcus,  for  the  attachment  of  the  circumference  of  the  tympanic  membrane.  This 
ring  expands  to  form  the  tympanic  part,  and  is  ossified  in  membrane  from  a  single  centre  which 
appears  about  the  third  month.  The  tlyloid  process  is  developed  from  the  proximal  part  of  the 
cartilage  of  the  second  branchial  or  hyoid  arch  by  two  centres:  one  for  the  proximal  part,  the 
tj/mpanohyal,  appears  before  birth;  the  other,  comprising  the  rest  of  the  process,  is  named  the 
ttytokj/al,  and  does  not  appear  until  after  birth.  The  tympanic  ring  unites  with  the  squama 
shortly  before  birth ;  the  petromastoid  part  and  squama  join  during  the  first  year,  and  the  tym- 
panohyal  portion  of  the  styloid  process  about  the  same  time  (Figs.  287,  288).  The  stylohyal 
does  not  unite  with  the  rest  of  the  bone  until  after  puberty,  and  in  some  skulls  never  at  all. 

Sguama  Squama 


Pdromatloid  portiott  Internal  acoustic  Titealnt 

Fia.  387.— TemporsL  bone  st  birth,  Fio.  288— Temporal  bonB  at  birth.     Inner 

Outer  ajpect.  sepect. 

The  chief  subsequent  changes  in  the  temporal  bone  apart  from  increase  in  site  are:  (1)  The 
tympanic  ring  extends  outward  and  backward  to  form  the  tympanic  part.  This  extension  doM 
not,  however,  take  place  at  an  equal  rate  all  around  the  circumference  of  the  ring,  but  occurs  most 
T^idly  on  its  anterior  and  posterior  portions,  and  these  outgrowths  meet  and  blend,  and  thus, 
for  a  time,  there  exists  in  the  floor  of  the  meatus  a  foramen,  the  foramen  of  Hitschke;  this  foramen 
is  usually  closed  about  the  fifth  year,  but  may  persist  throughout  Ufe.  (2)  The  mandibular  fossa 
is  at  first  extremely  shallow,  and  looks  lateralward  as  well  as  downward;  it  becomes  deeper  and 
is  ultimately  directed  downward.  Its  change  in  direction  is  accounted  for  aa  follows.  The  part 
of  the  squama  which  forms  the  fossa  lies  at  first  below  the  level  of  the  zygomatic  process.  As, 
however,  the  base  of  the  skull  increases  in  width,  this  lower  part  of  the  squama  is  directed  hori- 
tontally  inward  to  contribute  to  the  middle  fossa  of  the  skuU,  and  its  surfaces  therefore  come 
to  look  upward  and  downward;  the  attached  portion  of  the  sygomatic  process  also  becomes 
evoted,  and  projects  like  a  shelf  at  right  angles  to  the  squama.  (3)  The  mastoid  portion  is  at 
Gnt  quite  flat,  and  the  stylomastoid  foramen  and  rudimentary  styloid  process  lie  immediately 
bdund  the  tjrmpaoic  ring.  With  the  development  of  the  air  ceils  the  outer  part  of  the  mastoid 
pi^on  grows  downward  and  forward  to  form  the  mastoid  procesa,  and  the  styloid  process  and 
■tyknnastoid  foramen  now  come  to  lie  on  the  under  surface.  The  descent  of  the  foramen  is 
necessarily  accompanied  by  a  corresponding  lengthening  of  the  facial  canal.  (4)  The  downward 
and  forward  growth  of  the  mastoid  process  also  pushes  forward  the  tsrmpaDic  part,  so  that  the 
portion  of  it  which  formed  the  original  floor  of  the  meatus  and  contained  the  foramen  of  Huschke 
i»  ultimately  found  in  the  anterior  wall.  (5)  The  fossa  subarcuata  becomes  filled  up  and  almost 
obliterated. 

ArtfeolBtioiu.— The  temporal  articulates  with;!i«  bones:  occipital,  parietal,  sphenoid,  mandible, 
ud  sygomatic. 

The  Sphenoidal  Bone  (Os  Sphenoidal;  Sphenoid  Bone). 

The  sphenoidal  b<Hie  is  situated  at  the  base  of  the  skull  iu  front  of  the  temporals 
and  basilar  part  of  the  occipital.    It  somewhat  resembles  a  bat  with  its  wings 
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extended,  and  is  divided  into  a  median  portion  or  body,  two  great  and  two  small 
wings  extending  outward  from  the  sides  of  the  body,  and  two  pterygoid  processes 
which  project  from  it  below. 

Body  {corpus  syhenmdalia). — ^The  body,  more  or  less  cubical  in  shape,  is  hollowed 
out  in  its  interior  to  form  two  large  cavities,  the  sphenoidal  air  sinuses,  which  are 
separated  from  each  other  by  a  septum. 

Surfaces. — The  superior  surface  of  the  body  (Fig.  289)  presents  in  front  a  promi- 
nent spine,  the  ethmoidal  spine,  for  articulation  with  the  cribriform  plate  of  the 
ethmoid;  behind  this  is  a  smooth  surface  slightly  raised  in  the  middle  line,  and 
grooved  on  either  side  for  the  olfactory  lobes  of  the  brain.  This  surface  is  iMiunded 
behind  by  a  ridge,  which  forms  the  anterior  border  of  a  narrow,  transverse  groove, 
the  chiasmatic  groore  {o'ptic  groove),  above  and  behind  which  lies  the  optic  chiasma; 
the  groove  ends  on  either  side  in  the  optic  foramen,  which  transmits  the  optic 
ner\'e  and  opthafmic  artery  into  the  orbital  cavity.  Behind  the  chiasmatic  groove 
is  an  olive-like  elevation,  the  tuberculum  sellae;  and  stUl  more  posteriorly-,  a  deep 
depression,  the  sella  turcica,  the  deepest  part  of  which  lodges  the  h\-pophysis 

MiddltCUnoidpnaaa  ^iSii''"'  .al*^ 


Fm.  ZSB.— SphonoidaJ  bone.     Uppof  •laStcc. 

cerebri  and  is  known  as  the  fossa  hypophyseos.  The  anterior  boundary  of  the 
sella  turcica  is  completed  by  two  small  eminences,  one  on  either  side,  called  the 
middle  clinoid  processes,  while  the  posterior  boundary  is  formed  by  a  aquare- 
shaiied  plate  of  bone,  the  dorsum  sellae,  ending  at  its  superior  angles  in  two  tuber- 
cles, the  posterior  cUiwid  processes,  the  size  and  form  of  which  vary  considerably  in 
different  individuals.  The  posterior  clinoid  processes  deepen  the  sella  turcica, 
and  give  attachment  to  the  tentorium  cerebelli.  On  either  side  of  the  dorsum 
sellae  is  a  notch  for  the  passage  of  the  abducent  nerve,  and  below  the  notch  a  sharp 
process,  the  petrosal  process,  which  articulates  with  the  apex  of  the  petrous  portion 
of  the  temporal  bone,  and  forms  the  medial  boundary  of  the  foramen  lacerum. 
Behind  the  dorsum  sellae  is  a  shallow  depression,  the  elivus,  which  slopes  obliquely 
backward,  and  is  continuous  with  the  groove  on  the  basilar  frortion  of  the  occipital 
bone;  it  supports  the  upper  part  of  the  pons. 

The  lateral  surfaces  of  the  body  are  united  with  the  great  wings  and  the  medial 
pterygoid  plates.  Above  the  attachment  of  each  great  wing  is  a  broad  groove, 
curved  something  like  the  italic  letter /;  it  lodges  the  internal  carotid  artery  and 
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the  cavernous  sinus,  and  is  named  the  carotid  gioore.  Along  the  posterior  part 
of  the  lateral  margin  of  this  groove,  in  the  angle  between  the  body  and  great  wing, 
is  a  ridge  of  bone,  called  the  lin^a. 

The  posterior  snrfMe,  quadrilateral  in  form  (Fig.  291),  is  joined,  during  infancy 
and  adolescence,  to  the  basilar  part  of-  the  occipital  bone  by  a  plate  of  cartilage. 
Between  the  eighteenth  and  twenty-fifth  years  this  becomes  ossified,  ossification 
conmiencing  above  and  extending  downward. 

The  anterior  surface  of  the  body  (Fig.  290)  presents,  in  the  middle  line,  a  vertical 
crest,  the  sphenoidal  crest,  which  articulates  with  the  perpendicular  plate  of  the 
ethmoid,  and  forms  part  of  the  septum  of  the  nose.  On  either  side  of  the  crest 
is  an  irregular  opening  leading  into  the  corresponding  Bphenoidal  air  sinuB.  These 
sinuses  are  two  large,  irregular  cavities  hollowed  out  of  the  interior  of  the  body 
of  the  bone,  and  separated  from  one  another  by  a  bony  septum,  which  is  commonly 
bent  to  one  or  the  other  side.  They  vary  considerably  in  form  and  size,'  are 
seldom  symmetrical,  and  are  often  partially  subdivided  by  irregular  bony  laminte. 


Occasionally,  they  extend  into  the  basilar  part  of  the  occipital  nearly  as  far  as  the 
foramen  magnum.  They  begin  to  be  developed  before  birth,  and  are  of  a  consid- 
erable size  by  the  age  of  six.  They  are  partially  closed,  in  front  and  below,  by  two 
thin,  curved  plates  of  bone,  the  sphenoidal  conchae  (see  page  250),  leaving  in  the 
articulated  skull  a  round  opening  at  the  upper  part  of  each  sinus  by  which  it  com- 
municates with  the  upper  and  back  part  of  the  nasal  cavity  and  occasionally  with 
the  posterior  ethmoidal  air  cells.  The  lateral  margin  of  the  anterior  surface  is 
serrated,  and  articulates  with  the  lamina  papyracea  of  the  ethmoid,  completing 
the  posterior  ethmoidal  cells;  the  lower  margin  articulates  with  the  orbital  process 
of  the  palatine  bone,  and  the  upper  with  the  orbital  plate  of  the  frontal  bone. 

The  inferior  surface  presents,  in  the  middle  line,  a  triangular  spine,  the  sphenoidal 
rosbnm,  which  is  continuous  with  the  sphenoidal  crest  on  the  anterior  surface, 
and  is  received  in  a  deep  fissure  between  the  alje  of  the  vomer.  On  either  side  of 
the  rostrum  Is  a  projecting  lamina,  the  Taginal  process,  directed  medialward  from 
the  base  of  the  medial  pterj'goid  plate,  with  which  it  will  be  described. 
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The  Oreat  Winga  {aloe  mognae). — The  great  wings,  or  ali-sphenoids,  are  two 
strong  processes  of  bone,  which  arise  from  the  sides  of  the  body,  and  are  curved 
upward,  lateralward,  and  backward;  the  posterior  part  of  each  projects  as  a  tri- 
angular process  which  fits  into  the  angle  between  the  squama  and  the  petrous 
portion  of  the  temporal  and  presents  at  ite  apex  a  downwardly  directed  process, 
the  spina  an^uis  (sphenoidal  sjnrU). 

SuTfacfls. — The  snperior  or  cerebral  surface  of  each  great  wing  (Fig.  289)  forms 
part  of  the  middle  fossa  of  the  skull;  it  is  deeply  concave,  and  presents  depressions 
for  the  convolutions  of  the  temporal  lobe  of  the  brain.  At  its  anterior  and  medial 
part  is  a  circular  aperture,  the  foramen  rotnndnm,  for  the  transmission  of  the  maxil- 
lary nerve.  Behind  and  lateral  to  this  is  the  foramen  ovale,  for  the  transmission 
of  the  mandibular  ner\'e,  the  accessor;'  meningeal  artery,  and  sometimes  the 
lesser  superficial  petrosal  nerve.'  Medial  to  the  foramen  ovale,  a  small  aperture, 
the  foramen  Tesalii,  may  occasionally  be  seen  opposite  the  root  of  the  pterj-goid 
process;  it  opens  below  near  the  scaphoid  fossa,  and  transmits  a  small  vein  from 
the  cavernous  sinus.  Lastly,  in  the  posterior  angle,  near  to  and  in  front  of  the  spine, 
is  a  short  canal,  sometimes  double,  the  foramen  spinosom,  which  transmits  the 
middle  meningeal  vessels  and  a  recurrent  branch  from  the  mandibular  nerve. 

Anterior  dinoid  procets 


Boitrum 

Fio.  291. — SpheDcudil  bone.     Upper  luid  posterior  nirfuea. 

The  lateral  surface  (Fig.  290)  is  convex,  and  divided  by  a  transverse  ridge,  the 
infratemporal  crest,  into  two  portions.  The  superior  or  temporal  portion,  convex 
from  above  downward,  concave  from  before  backward,  forms  a  part  of  the  tem- 
poral fossa,  and  gives  attachment  to  the  Temporalis;  the  inferior  or  infratemporal, 
smaller  in  size  and  concave,  enters  into  the  formation  of  the  infratemporal  fossa, 
and,  together  with  the  infratemporal  crest,  affords  attachment  to  the  Pterygoideus 
externus.  It  is  pierced  by  the  foramen  ovale  and  foramen  spinosum,  and  at  its 
posterior  part  is  thp  spina  angularis,  which  is  frequently  grooved  on  its  medial 
surface  for  the  chonla  tympani  nerve.  To  the  spina  angularis  are  attached  the 
sphenomandibular  ligament  and  the  Tensor  veli  palatini.  Medial  to  the  anterior 
extremity  of  the  infratemporal  crest  is  a  triangular  process  which  serves  to  in< 

1  The  [nwr  5uperticia]  petrosal  nerve  BometimeA  paaBce  through  a  Apcct&l  cad&I  iamaticvlut  mvidmi 
■itumted  medial  to  the  foranwD  ppiDofluni. 
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the  attachment  of  the  Pterygoideus  externus;  extending  downward  and  medial  ward 
from  this  process  on  to  the  front  part  of  the  lateral  pterygoid  plate  is  a  ridge  which 
forms  the  anterior  limit  of  the  infratemporal  surface,  and,  in  the  articulated  skull, 
the  posterior  boundary  of  the  pterygomaxillary  fissure. 

The  orbital  surface  of  the  great  wing  (Fig.  290),  smooth,  and  quadrilateral  in 
shape,  is  directed  forward  and  medialward  and  forms  the  posterior  part  of  the 
lateral  wall  of  the  orbit.  Its  upper  serrated  edge  articulates  with  the  orbital  plate 
of  the  frontal.  Its  inferior  rounded  border  forms  the  postero-lateral  boundary  of 
the  inferior  orbital  fissure.  Its  medial  sharp  margin  forms  the  lower  boundary 
of  the  superior  orbital  fissure  and  has  projecting  from  about  its  centre  a  little 
tubercle  which  gives  attachment  to  the  inferior  head  of  the  Rectus  lateralis  oculi; 
at  the  upper  part  of  this  margin  is  a  notch  for  the  transmission  of  a  recurrent 
branch  of  the  lacrimal  artery.  Its  lateral  margin  is  serrated  and  articulates  with 
the  zygomatic  bone.  Below  the  medial  end  of  the  superior  orbital  fissure  is  a 
grooved  surface,  which  forms  the  posterior  wall  of  the  pterygopalatine  fossa, 
and  is  pierced  by  the  foramen  rotundum.  » 

Biargin  (Fig.  289). — Commencing  from  behind,  that  portion  of  the  circum- 
ference of  the  great  wing  which  extends  from  the  body  to  the  spine  is  irregular. 
Its  medial  half  forms  the  anterior  boundary  of  the  foramen  lacerum,  and  presents 
the  posterior  aperture  of  the  pterygoid  canal  for  the  passage  of  the  correspond- 
ing nerve  and  artery.  Its  lateral  half  articulates,  by  means  of  a  synchondrosis, 
with  the  petrous  portion  of  the  temporal,  and  between  the  two  bones  on  the 
under  surface  of  the  skull,  is  a  furrow,  the  sulcus  tabae,  for  the  lodgement  of  the 
cartilaginous  part  of  the  auditory  tube.  In  front  of  the  spine  the  circumference 
presents  a  concave,  serrated  edge,  bevelled  at  the  expense  of  the  inner  table  below, 
and  of  the  outer  table  above,  for  articulation  with  the  temporal  squama.  At 
the  tip  of  the  great  wing  is  a  triangular  portion,  bevelled  at  the  expense  of  the 
internal  surface,  for  articulation  with  the  sphenoidal  angle  of  the  parietal  bone; 
this  region  is  named  the  pterion.  Medial  to  this  is  a  triangular,  serrated  surface, 
for  articulation  with  the  frontal  bone;  this  surface  is  continuous  medially  with 
the  sharp  edge,  which  forms  the  lower  boundary  of  the  superior  orbital  fissure, 
and  laterally  with  the  serrated  margin  for  articulation  with  the  zygomatic 
bone. 

The  Small  Wings  {aloe  parvae). — ^The  small  wings  or  orbito-sphenoids  are  two 
thin  triangular  plates,  which  arise  from  the  upper  and  anterior  parts  of  the  body, 
and,  projecting  lateralward,  end  in  sharp  points  (Fig.  289). 

Surfaces. — ^Tbe  superior  surface  of  each  is  flat,  and  supports  part  of  the  frontal 
lobe  of  the  brain.  The  inferior  surface  forms  the  back  part  of  the  roof  of  the  orbit, 
and  the  upper  boundary  of  the  superior  orbital  fissure.  This  fissure  is  of  a  triangular 
form,  and  leads  from  the  cavity  of  the  cranium  into  that  of  the  orbit:  it  is  bounded 
medially  by  the  body;  abom,  by  the  small  wing;  below,  by  the  medial  margin  of 
the  orbital  surface  of  the  great  wing;  and  is  completed  laterally  by  the  frontal 
bone.  It  transmits  the  oculomotor,  trochlear,  and  abducent  nerves,  the  three 
branches  of  the  ophthalmic  division  of  the  trigeminal  nerve,  some  filaments  from 
the  cavernous  plexus  of  the  sympathetic,  the  orbital  branch  of  the  middle  menin- 
geal artery,  a  recurrent  branch  from  the  lacrimal  artery  to  the  dura  mater,  and  the 
ophthalmic  vein. 

Borders. — ^The  anterior  border  is  serrated  for  articulation  with  the  frontal  bone. 
The  posterior  border,  smooth  and  rounded,  is  received  into  the  lateral  fissure  of 
the  brain;- the  medial  end  of  this  border  forms  the  anterior  clinoid  process,  which 
gives  attachment  to  the  tentorium  cerebelli;  it  is  sometimes  joined  to  the  middle 
clinoid  process  by  a  spicule  of  bone,  and  when  this  occurs  the  termination  of  the 
groove  for  the  internal  carotid  artery  is  converted  into  a  foramen  (carotico-clinoid). 
The  small  wing  is  connected  to  the  body  by  two  roots,  the  upper  thin  and  flat. 
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the  lower  thick  and  triangular;  between  the  two  roots  is  the  optic  foramen,  for  the 
transmission  of  the  optic  nerve  and  ophthalmic  artery. 

Pterygoid  Processes  {processus  pierygoidei). — ^The  pterj'^goid  processes,  one  on 
either  side,  descend  perpendicularly  from  the  regions  where  the  body  and  great 
wings  unite.  Each  process  consists  of  a  medial  and  a  lateral  plate,  the  upper  parts 
of  which  are  fused  anteriorly;  a  vertical  sulcus,  the  pterygopalatine  groove,  descends 
on  the  front  of  the  line  of  fusion.  The  plates  are  separated  below  by  an  angular 
cleft,  the  pterygoid  fissure,  the  margins  of  which  are  rough  for  articulation  with 
the  pyramidal  process  of  the  palatine  bone.  The  two  plates  diverge  behind  and 
enclose  between  them  a  V-shaped  fossa,  the  pterygoid  fossa,  which  contains  the 
Pterygoideus  internus  and  Tensor  veli  palatini.  Above  this  fossa  is  a  small,  oval, 
shallow  depression,  the  scaphoid  fossa,  which  gives  origin  to  the  Tensor  veli  palatini. 
The  anterior  surface  of  the  pterygoid  process  is  broad  and  triangular  near  its 
root,  where  it  forms  the  posterior  wall  of  the  pterygopalatine  fossa  and  presents 
the  anterior  orifice  of  the  pterygoid  canal. 

Lateral  Pterygoid  Plate. — ^The  lateral  pterygoid  plate  is  broad,  thin,  and  everted; 
its  lateral  surface  forms  part  of  the  medial  wall  of  the  infratemporal  fossa,  and 
gives  attachment  to  the  Pterygoideus  externus;  its  medial  surface  forms  part  of 
the  pterygoid  fossa,  and  gives  attachment  to  the  Pterygoideus  internus. 

Medial  Pterygoid  Plate. — ^The  medial  pterygoid  plate  is  narrower  and  longer 
than  the  lateral;  it  curves  lateralward  at  its  lower  extremity  into  a  hook-like  pro- 
cess, the  pterygoid  hamulus,  around  which  the  tendon  of  the  Tensor  veli  palatini 
glides.  The  lateral  surface  of  this  plate  forms  part  of  the  pterygoid  fossa,  the 
medial  surface  constitutes  the  lateral  boundary  of  the  choana  or  posterior  aperture 
of  the  corresponding  nasal  cavity.  Superiorly  the  medial  plate  is  prolonged  on  to 
the  under  surface  of  the  body  as  a  thin  lamina,  named  the  vaginal  process,  which 
articulates  in  front  with  the  sphenoidal  process  of  the  palatine  and  behind  this 
with  the  ala  of  the  vomer.  The  angular  prominence  between  the  posterior  margin 
of  the  vaginal  process  and  the  medial  border  of  the  scaphoid  fossa  is  named  the 
pterygoid  tubercle,  and  immediately  above  this  is  the  posterior  opening  of  the 
pterygoid  canal.  On  the  under  surface  of  the  vaginal  process  is  a  furrow,  which 
is  converted  into  a  canal  by  the  sphenoidal  process  of  the  palatine  bone,  for  the 
transmission  of  the  pharyngeal  branch  of  the  internal  maxillarj'^  artery  and  the 
pharyngeal  nerve  from  the  sphenopalatine  ganglion.  The  pharyngeal  aponeurosis 
is  attached  to  the  entire  length  of  the  posterior  edge  of  the  medial  plate,  and  the 
Constrictor  pharyngis  superior  takes  origin  from  its  lower  third.  Projecting 
backward  from  near  the  middle  of  the  posterior  edge  of  this  plate  is  an  angular 
process,  the  processus  tubarius,  which  supports  the  pharyngeal  end  of  the  auditory 
tube.  The  anterior  margin  of  the  plate  articulates  with  the  posterior  border  of 
the  vertical  part  of  the  palatine  bone. 

The  Sphenoidal  Conchse  (conchae  sphenoidales;  sphenoidal  turbinaied  processes). 
— ^The  sphenoidal  conchse  are  two  thin,  curved  plates,  situated  at  the  anterior 
and  lower  part  of  the  body  of  the  sphenoid.  An  aperture  of  variable  size  exists 
in  the  anterior  wall  of  each,  and  through  this  the  sphenoidal  sinus  opens  into  the 
nasal  cavity.  Each  is  irregular  in  form,  and  tapers  to  a  point  behind,  being  broader 
and  thinner  in  front.  Its  upper  surface  is  concave,  and  looks  toward  the  cavity 
of  the  sinus;  its  under  surface  is  convex,  and  forms  part  of  the  roof  of  the  corre- 
sponding nasal  cavity.  Each  bone  articulates  in  front  with  the  ethmoid,  laterally 
with  the  palatine;  its  pointed  posterior  extremity  is  placed  above  the  vomer, 
and  is  received  between  the  root  of  the  pterygoid  process  laterally  and  the  rostrum 
of  the  sphenoid  medially.  A  small  portion  of  the  sphenoidal  concha  sometimes 
enters  into  the  formation  of  the  medial  wall  of  the  orbit,  between  the  lamina 
papyracea  of  the  ethmoid  in  front,  the  orbital  plate  of  the  palatine  below,  and  the 
frontal  bone  above. 
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Otlifltttton. — Until  the  seventh  or  eighth  month  of  fetal  life  the  body  of  the  sphenoid  conaiata 
of  two  parts,  vii.,  one  in  front  of  the  tuberculum  aellae,  the  presphenind,  with  which  the  amall 
ningB  are  continuous;  the  other,  compriainR  the  sella  turcica  and  dorsum  sellae,  the  poilaphenoid, 
nith  which  are  amociaitoJ  the  gre^t  winga,  and  pterygoid  processes.  The  greater  part  of  the  bone 
is  ossified  in  cartilage.  There  are  fourteen  centres  in  all,  six  for  the  presphenoid  and  eight  for 
the  pOBtsphenoid. 

Prraphfnoid. — About  the  ninth  week  of  fetal  life  an  ossific  centre  appears  for  each  of  the  small 
wings  (oibitosphenoids)  just  lateral  to  the  optic  foramen;  shortly  afterward  two  nuclei  appear 
in  the  presphenoid  part  of  the  body.  The  sphenoidal  concliffi  are  each  developed  from  a  centre 
which  makes  its  appearance  about  the  fifth  month;'  at  birth  they  consist  of  small  triangular 
lamince,  and  it  is  not  until  the  third  year  that  they  become  hollowed  out  and  cone-ehaped;  about 
the  fourth  year  they  fuse  with  the  labyrinths  of  the  ethmoid,  and  between  the  ninth  and  twelfth 
years  they  unite  with  the  sphenoid. 

Fotlsphenoid. — The  first  ossific  nuclei  are  those  for  the  great  wings  (ali-sphenoids).  One  makes 
its  appearance  in  each  wing  between  the  foramen  rotundum  and  foramen  ovale  about  the  eighth 
week.  The  orbital  plate  and  that  part  of  the  sphenoid  which  is  found  in  the  temporal  fossa,  as 
well  as  the  lateral  pterygoid  plate,  are  ossified  in  membrane  (Fawcetf),  Soon  after,  the  centres 
for  the  postsphenoid  part  of  the  body  appear,  one  on  either  aide  of  the  sella  turcica,  and  become 
blended  together  about  the  middle  of  fetal  hfe.  Each  medial  pterygoid  plate  fwith  the  exception 
of  lis  hamulus)  is  oeaified  in  membrane,  and  ita  centre  probably  appears  about  the  ninth  or  tenth 
we«k;  the  hamulus  becomes  chondrified  during  the  third  month,  and  almost  at  once  undergoes 
ossification  {Fawcett').  The  medial  joins  the  lateral  pterygoid  plate  about  the  sixth  month. 
About  the  fourth  month  a  centre  appears  for  each  lingula  and  speedily  joins  the  rest  of  the  bone. 

The  presphenoid  is  united  to  the  postsphenoid  about  the  eighth  month,  and  at  birth  the  bone 
is  in  three  pieces  (Fig.  2S2):  a  central,  consisting  of  the  body  and  amall  wings,  and  two  lateral, 
each  comprising  a  great  wing  and  ptery- 
goid process.  In  the  first  year  after 
birth  the  great  winga  and  body  unite, 
and  the  small  wings  extend  inward 
above  the  anterior  part  of  the  body, 
and,  meeting  with  each  other  in  the 
middle  hne,  form  an  elevated  smooth 
surface,  termed  the  jugum  sphenoidale. 
By  the  twenty-flfth  year  the  sphenoid 
and  occipital  are  completely  fused.  Be- 
tween the  pre-  and  postsphenoid  there 
are  occasionally  seen  the  remains  of  a 
canal,  the  carudit  eraniopAar  j/ngetu, 
through   which,   in    early    fetal    life,   the  Fio.  392.— Sphenndal  bone  at  birth.     PoMarioc  upMt. 

hypophyaeal  diverticulum  of  the  buccal 
ectoderm  Is  transmitted  (see  page  166). 

The  sphenoidal  sinuses  are  present  as  minute  cavities  at  the  time  of  birth  (Onodi),  but  do  not 
attain  their  full  size  until  after  puberty. 

CertAin  intrinsic  ligaments  are  attached  to  the  sphenoid.  The  more  important  of  these  are; 
the  -pltrygoepinous,  atretching  between  the  spina  angularis  and  the  lateral  pterygoid  plate  (see 
uruieoi  fatcia);  the  interdinoid,  a  fibrous  process  joining  the  anterior  to  the  posterior  ciinoid 
process;  and  the  carolicodintrid,  connecting  the  anterior  to  the  middle  ciinoid  process.  These 
ligaments  occasionally  ossify. 

ArticulatiaiiB. — The  sphenoid  articulates  with  twelve  hones:  four  single,  the  vomer,  ethmoid, 
froDtal,  and  occipital;  and  four  paired,  the  parietal,  temporal,  zygomatic,  and  palatine.* 

The  ItbEtuodal  Bone  (Oa  Khmoidale;  Ethmoid  Bone). 

The  ethmoidal  bone  is  exceedingly  light  and  spongy,. and  cubical  in  shape;  it 
is  situated  at  the  anterior  part  of  the  base  of  the  cranium,  between  the  two  orbits, 
at  the  roof  of  the  nose,  and  contributes  to  each  of  these  cavities.  It  consists  of 
four  parts:  a  hoiiiontal  or  ciitoitonn  plate,  forming  part  of  the  base  of  the  cranium; 
a  peipendicnlar  pUte,  constituting  part  of  the  nasai  septum;  and  two  lateral  s 
or  labyrinths. 

■  Anwidins  \o  Cteltmd.  each  gpheDoidal  conchii  ia  (waificd  from  four  ccntrea. 
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Cribilorm  Plate  (lamina  cribrosa;  korizonial  lamina), — ^The  cribrifonn  plate 
{Fig.  293)  is  received  into  the  ethmoidal  notch  of  the  frontal  bone  and  roofs  in 
the  nasal  cavities.  Projecting  upward  from  the  middle  line  of  this  plate  is  a  thick, 
smooth,  triangular  process,  the  crista  galli,  so  called  from  its  resemblance  to  a 
cock's  comb.  Its  posterior  border,  long,  thin,  and  slightly  curved,  serves  for  the 
attachment  of  the  falx  cerebri. 
PerpendiealaT  plau  Its    anterior    border,   short    and 

thick,  articulates  with  the  frontal 
bone,  and  presents  two  small  pro- 
jecting als,  which  are  received 
into  corresponding  depressions  in 
the  frontal  bone  and  complete 
the  foramen  cecum.  Its  sides  are 
smooth,  and  sometimes  bulging 
plaig  from  the  presence  of  a  small  air 
sinus  in  the  interior.  On  either 
hmoidal  side  of  the  crista  galli,  the  cribri- 
form plate  is  narrow  and  deeply 
grooved;  it  supports  the  olfactory 
'Jimoidal  .  bulb  and  is  perforated  by  fora- 
mina for  the  passage  of  the  olfac- 
tory nerves.    The  foramina  in  the 

Fia.  293.— Elhmoid»[  bone  from  above.  middle    of    the    gTOOVC    are    Small 

and  transmit  the  nerves  to  the 
roof  of  the  nasal  cavity;  those  at  the  medial  and  lateral  parts  of  the  groove  are 
larger^— the  former  transmit  the  nerves  to  the  upper  part  of  the  nasal  septum, 
the  latter  those  to  the  superior  nasal  concha.  At  ^e  front  part  of  the  cribriform 
plate,  on  either  side  of  the  crista  galli,  is  a  small  fissure  which  is  occupied  by  a 
process  of  dura  mater.  Lateral  to  this  fissure  is  a  notch  or  foramen  which  trans- 
mits the  nasociliarj-  nerve;  from  this  notch  a  groove  extends  backward  to  the 
anterior  ethmoidal  foramen. 


LB  the  rifht  Ubyrinth. 


Ferpendicolar  Plate  (lamina  perpendicularis;  vertical  plate).— The  perpendicular 
plate  (Figs.  294,  296)  is  a  thin,  flattened  lamina,  polygonal  in  form,  which  descends 
from  the  under  surface  of  the  cribriform  plate,  and  assists  in  forming  the  septum 
of  the  nose;  it  is  generally  deflected  a  little  to  one  or  other  side.    The  anterior  border 
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articulates  with  the  spine  of  the  frontal  bone  and  the  crest  of  the  nasal  bones. 
The  posterior  bolder  articulates  by  its  upper  half  with  the  sphenoidal  crest,  by  its 
lower  with  the  vomer.  The  Inferior  border  is  thicker  than  the  posterior,  and  serves 
for  the  attachment  of  the  septal  cartilage  of  the  nose.  The  surfaces  of  the  plate 
are  smooth,  except  above,  where  numerous  grooves  and  canals  are  seen;  these 
lead  from  the  medial  foramina  on  the  cribriform  plate  and  lodge  filaments  of  the 
olfactorj'  nerves. 

The  lAbTrinth  or  Lateral  Mass  {labyrintkus  etkmoidcdis)  consists  of  a  number 
of  thin-walled  cellular  cavities,  the  ethmoidal  cells,  arranged  in  three  groups, 
anierwr,  middle,  and  poeterwr,  and  inter- 
posed between  two  vertical  plates  of  bone;  n....™»„ll; 
the  lateral  plate  forms  part  of  the  orbit, 
the  medial,  part  of  the  corresponding 
nasal  cavity.    In  the  disarticulated  bone 
many  of  these  cells  are  opened  into,  but 
when  the  bones  are  articulated,  they  are 
closed    in   at  every  part,  except  where 
they  open  into  the  nasal  cavity, 

Snrtaces.^ — The  upper  aurtace  of  the  laby- 
rinth (Fig,  293)  presents  a  number  of 
half-^broken  cells,  the  walls  of  which  are 
completed,  in  the  articulated  skull,  by 
the  edges  of  the  ethmoidal  notch  of  the 
frontal  bone.  Crossing  this  surface  are 
two  grooves,  converted  into  canals  by  articulation  with  the  frontal;  they  are  the 
anterior  and  poBtarlor  ethmoidal  canals,  and  open  on  the  inner  wall  of  the  orbit. 
The  posterior  surface  presents  large  irregular  cellular  cavities,  which  are  closed  in 
by  articulation  with  the  sphenoidal  concha  and  orbital  process  of  the  palatine. 
The  lateral  sorface  (Fig.  296)  is  formed  of  a  thin,  smooth,  oblong  plate,  the  lamina 
papTracas  (os  planum),  which  covers  in  the  middle  and  posterior  ethmoidal  cells 


Fia.  2«S.— Ethmoidal 
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and  forms  a  large  part  of  the  medial  wall  of  the  orbit;  it  articulates  above  with 
the  orbital  plate  of  the  frontal  bone,  below  with  the  maxilla  and  orbital  process 
of  the  palatine,  in  front  with  the  lacrimal,  and  behind  with  the  sphenoid. 

In  front  of  the  lamina  papyracea  are  some  broken  air  cells  which  are  overlapped 
and  completed  by  the  lacrimal  bone  and  the  frontal  process  of  the  maxilla.  A 
curved  lamina,  the  nndnate  process,  projects  downward  and  backward  from  this 
part  of  the  labyrinth;  it  forms  a  small  part  of  the  medial  wall  of  the  maxillary 
^us,  (ind  articulates  with  the  ethmoidal  process  of  the  inferior  nasal  concha. 
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The  medial  snrlace  of  the  labjTinth  (Fig.  297)  forms  part  of  the  lateral  wall 
of  the  corresponding  nasal  cavity.  It  consists  of  a  thin  lamella,  which  descends 
from  the  under  surface  of  the  cribriform  plate,  and  ends  below  in  a  free,  convoluted 
margin,  the  middle  naaal  concha.  It  is  rough,  and  marked  above  by  numerous 
grooves,  directed  nearly  vertically  downward  from  the  cribriform  plate;  they 
lodge  branches  of  the  olfactory  nerves,  which  are  distributed  to  the  mucous  mem- 
brane covering  the  superior  nasal  concha.  The  back  part  of  the  surface  is  sub- 
divided by  a  narrow  oblique  fissure,  the  saperlor  meatus  of  the  nose,  bounded  above 
by  a  thin,  curved  plate,  the  superior  nasal  concha;  the  posterior  ethmoidal  cells 
open  into  this  meatus.    Below,  and  in  front  of  the  superior  meatus,  is  the  c 


surface  of  the  middle  nasal  concha;  it  extends  along  the  whole  length  of  the  medial 
surface  of  the  labyrinth,  and  its  lower  margin  is  free  and  thick.  The  lateral  surface 
of  the  middle  concha  is  concave,  and  assists  in  forming  the  middle  meatus  of  the 
nose.  The  middle  ethmoidal  cells  open  into  the  central  part  of  this  meatus,  and  a 
sinuous  passage,  termed  the  Inlundibulum,  extends  upward  and  forward  through 
the  labyrinth  and  communicates  with  the  anterior  ethmoidal  cells,  and  in  about 
50  per  cent,  of  skulls  is  continued  upward  as  the  frontonasal  duct  into  the  frontal 
sinus. 

Osaiflcktioii. — The  ethmoid  is  ossified  in  the  cartilage  of  the  naaal  capsule  by  three  centres: 
one  for  the  perpendicular  plate,  and  one  tor  each  labyrinth. 

The  labyrinths  are  fiiat  developed,  osaific  granules  makintc  their  appearance  in  the  region  of 
the  lamina  papyracea  between  the  fourth  and  fifth  months  of  fetal  life,  and  extending  into  the 
conchte.  At  birth,  the  bone  consists  of  the  two  l^yrinths,  which  are  small  and  ill-developed. 
During  the  first  year  after  birth,  the  perpendicular  plate  and  crista  galli  begin  to  ossify  from  a 
single  centre,  and  are  joined  to  the  labyrinths  about  the  beginning  of  the  second  year.  The 
cribriform  plate  is  ossified  partly  from  the  perpendicular  plate  and  partly  from  the  labyrinths. 
The  development  of  the  ethmoidal  cells  begins  during  fetal  life. 
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Atttr.nlatiniui. — The  ethmoid  articubtee  with  fifteen  bonea:  four  of  the  c 
the  sphenoid,  and  the  two  sphenoidal  concha;  and  eleven  of  the  face — the  twc 
two  lacrimalB,  two  palatines,  two  inferior  nasal  conchte,  and  the  vomer. 

Bntnnl  or  Wormian'  Bones.— In  addition  to  the  usual  centres  of  ossifii^ation  of  the  c 
others  may  occur  in  the  course  of  the  sutures,  Ki^inR  rise  to  irregular,  isolated  bones,  termed 
tutaral  or  Wormian  bonet.  They  occur  most  frequently  in  the  covirse  of  the  iambdoidal  suture, 
but  are  occasionally  seen  at  the  fontanelles.  especially  the  posterior.  One,  the  pterian  otncU, 
sometimes  exists  between  the  sphenoidal  angle  of  the  parietal  and  the  great  wing  of  the  sphenoid. 
They  have  a  tendency  to  be  more  or  leas  symmetrical  on  the  two  sides  of  the  skull,  and  vary 
much  in  size.  Their  number  is  generally  hmited  to  two  or  three;  but  more  than  a  hundred  have 
heea  found  in  the  skull  of  an  adult  hydrocephalic  subject. 

Ap^iod  Anatomr. — An  arrest  in  the  ossifying  process  may  give  rise  to  deficiencies,  gaps,  or 
fiiBUres  in  the  cranium,  which  are  of  importance  from  a  medicolegal  point  of  view,  as  they  are 
liable  to  be  mistaken  for  fractures.  The  fissures  generally  extend  from  the  margins  toward  the 
centre  of  a  bone,  but  the  gaps  may  be  found  in  the  middle  as  weU  as  at  the  edges.  In  course  of 
lime  they  may  become  filled  with  thin  laminie  of  bone.  In  many  of  these  cases,  however,  the 
gaps  must  be  r^arded  as  due  to  absorption  of  bone  already  formed  rather  than  as  congenital 
dr^ciencies;  this  is  especially  thecase  when  they  appear  in  the  centre  of  a  bone  such  as  the  parietal, 
the  ossification  of  which  has  already  been  described  as  occurring  in  a  regular  manner  radiating 
from  one  centre.  The  condition  is  most  commonly  seen  in  very  badly  nourished  children  affected 
wjtb  congenital  syphilis,  and  is  called  craniolahee. 


THE  FACIAL  BONES  (OSSA  FAdEI). 

The  Nasal  Bones  (Ossa  Nasalia). 

The  nasftl  bones  are  two  small  oblong  bones,  va^^-ing  in  size  and  form  in  different 
individuals;  thej-  are  placed  side  by  side  at  the  middle  and  upper  part  of  the  face, 


and  form,  by  their  junction,  "the  bridge"  of  the  nose  (Fig.  334).    Each  has  two 
surfaces  and  four  borders. 

y  *X  Copenhagfn.  ltiZ4-t63S,  kbb  erroneouaty  nupponed  to  have  pvcn  tbc  first 
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SurfaceB,— The  outM  surface  (Fig.  299)  is  concavoconvex  from  above  downward, 
convex  from  side  to  side;  it  is  covered  by  the  Procerus  and  Compressor  naris,  and 
perforated  about  its  centre  by  a  foramen,  for  the  transmission  of  a  small  vein. 
The  inner  snrtace  (Fig.  300)  is  concave  from  side  to  side,  and  is  traversed  from  above 
downward,  by  a  groove  for  the  passage  of  a  branch  of  the  nasociliary  nerve, 

Bwdera. — The  saperior  btfrder  is  narrow,  thick,  and  serrated  for  articulation  with 
'  the  nasal  notch  of  the  frontal  bone.  The  inferior  border  is  thin,  and  gives  attach- 
ment to  the  lateral  cartilage  of  the  nose;  near  its  middle  is  a  notch  which  marks 
the  end  of  the  groove  just  referred  to.  The  lateral  border  is  serrated,  bevelled 
at  the  expense  of  the  inner  surface  above,  and  of  the  outer  below,  to  articulate 
with  the  frontal  process  of  the  maxilla.  The  medial  border,  thicker  above  than 
below,  articulates  with  its  fellow  of  the  opposite  side,  and  is  prolonged  behind  into 
a, vertical  crest,  which  forms  part  of  the  nasal  septum:  this  crest  articulates,  from 
above  downward,  with  the  spine  of  the  frontal,  the  perpendicular  plate  of  the 
ethmoid,  and  the  septal  cartilage  of  the  nose. 

I 


Fio.  299.— Bight  aa»l  bone.     Outer  surface.  Fia.  300.— Right  luitBl  bone.     Inner  surface. 

OiBiflcatioii. — Each  bone  ia  ossified  from  one  centre,  which  appears  at  the  beginiiing  of  the 
third  month  of  fetal  life  in  the  membrane  overlying  the  front  part  of  the  ctutilagiaDUB  naaal 
cspBule. 

Articnlatioiu. — The  nasal  articulates  with  four  bones:  two  of  the  cranium,  the  frontal  and 
ethmoid,  and  two  of  the  face,  the  opposite  nasal  and  the  maxiUa. 

The  MaxiUsa  (Upper  Jaw). 

The  maxillsB  are  the  largest  bones  of  the  face,  excepting  the  mandible,  and 
form,  by  their  union,  the  whole  of  the  upper  jaw.  Each  assists  in  forming  the 
boundaries  of  three  cavities,  viz.,  the  roof  of  the  mouth,  the  floor  and  lateral 
wall  of  the  nose  and  the  floor  of  the  orbit;  it  also  enters  into  the  formation  of  two 
fossa,  the  infratemporal  and  pterygopalatine,  and  two  fissures,  the  inferior  orbital 
and  pterygomaxillary. 

Each  bone  consists  of  a  body  and  four  processes — zygomatic,  frontal,  alveolar, 
and  palatine. 

The  Body  {corpus  maxillae). — ^The  body  is  somewhat  pyramidal  in  shape,  and 
contains  a  large  cavity,  the  maxillary  sinns  (antrum  of  Higkviore).  It  has  four 
surfaces — an  anterior,  a  posterior  or  infratemporal,  a  superior  or  orbital,  and  a 
medial  or  uasaL  . 

STirtaces. — ^The  anterior  surface  (Fig.  301)  is  directed  forward  and  lateralward. 
It  presents  at  its  lower  part  a  series  of  eminences  corresponding  to  the  positions 
of  the  roots  of  the  teeth.  Just  above  those  of  the  incisor  teeth  is  a  depression, 
the  incisive  fossa,  which  gives  origin  to  the  Depressor  alae  nasi;  to  the  alveolar 
border  below  the  fossa  is  attached  a  slip  of  the  Orbicularis  oris;  above  and  a  little 
lateral  to  it,  the  Nasalis  arises.    Lateral  to  the  incisive  fossa  is  another  depression, 
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the  canine  fos8»;  it  is  larger  and  deeper  than  the  incisive  fossa,  and  is  separated 
from  it  by  a  vertical  ridge,  the  canine  eminence,  corresponding  to  the  socket  of 
the  canine  tooth;  the  canine  fossa  gives  origin  to  the  Caninus.  Above  the  fossa 
is  the  intraorbitEl  foramen,  the  end  of  the  infraorbital  canal;  it  transmits  the  infra- 
orbital vessels  and  nerve.  Above  the  foramen  is  the  margin  of  the  orbit,  which 
affords  attachment  to  part  of  the  Quadratus  labii  superioris.  Medially,  the  anterior 
surface  is  limited  by  a  deep  concavity,  the  nasal  notch,  the  margin  of  which  gives 
attachment  to  the  Dilatator  naris  posterior  and  ends  below  in  a  pointed  process, 
which  with  its  feilow  of  the  opposite  side  forms  the  anteruM*  nasal  spine. 


Alveolar  catialt 
xiUary  tubtrositj/ 


The  tadratenqK»«l  surface  (Fig.  301)  is  convex,  directed  backward  and  lateral- 
ward,  and  forms  part  of  the  infratemporal  fossa.  It  is  separated  from  the  anterior 
surface  by  the  zygomatic  process  and  by  a  strong  ridge,  extending  upward  from 
the  socket  of  the  first  molar  tooth.  It  is  pierced  about  its  centre  by  the  apertures 
oS  the  alveolar  canals,  which  transmit  the  posterior  superior  alveolar  vessels  and 
nerves.  At  the  lower  part  of  this  surface  is  a  rounded  eminence,  the  maxillary 
toberosity,  especially  prominent  after  the  growth  of  the  wisdom  tooth;  it  is  rough 
on  its  lateral  side  for  articulation  with  the  pyramidal  process  of  the  palatine  bone 
and  in  some  cases  articulates  with  the  lateral  pterygoid  plate  of  the  sphenoid. 
It  gives  origin  to  a  few  fibres  of  the  Pterygoideus  internus.  Immediately  above 
this  is  a  smooth  surface,  which  forms  the  anterior  boundary  of  the  pterygopalatine 
fossa,  and  presents  a  groove,  for  the  maxillary  nerve;  this  groove  is  directed  lateral- 
ward  and  slightly  upward,  and  is  continuous  with  the  infraorbital  groove  on  the 
orbital  surface. 

The  orbital  surface  (Fig.  301)  is  smooth  and  triangular,  and  forms  the  greater 
part  of  the  floor  of  the  orbit.  It  is  bounded  Tnedially  by  an  irregular  margin  which 
in  front  presents  a  notch,  the  lacrimal  notch;  behind  this  notch  the  margin  articu- 
lates with  the  lacrimal,  the  lamina  papj'racea  of  the  ethmoid  and  the  orbital  process 
of  the  pjilatine.  It  is  bounded  behiitd  by  a  smooth  rounded  edge  which  forms 
the  ante.'ior  mai^in  of  the  inferior  orbital  fissure,  and  sometimes  articulates  at 
its  lateral  extremity  with  the  orbital  surface  of  the  great  wing  of  the  sphenoid. 
17, 
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It  is  limited  infront  by  part  of  the  circumference  of  the  orbit,  which  is  continuous 
medially'  with  the  frontal  process,  and  laterally  with  the  zyogmatic  process.  Near 
the  middle  of  the  posterior  part  of  the  orbital  surface  is  the  infraotbital  groom, 
for  the  passage  of  the  infraorbital  vessels  and  nerve.  The  groove  begins  at  the 
middle  of  the  posterior  border,  where  it  is  continuous  with  that  near  the  upper 
edge  of  the  infratemporal  surface,  and,  passing  forward,  ends  in  a  canal,  which 
subdivides  into  two  branches.  One  of  the  canals,  the  intraorbitil  canal,  opens 
just  below  the  margin  of  the  orbit;  the  other,  which  is  smaller,  runs  downward  in 
the  substance  of  the  anterior  wall  of  the  maxillary  sinus,  and  transmits  the  anterior 
superior  alveolar  vessels  and  nerve  to  the  front  teeth  of  the  maxilla.  From  the 
back  part  of  the  infraorbital  canal,  a  second  small  canal  is  sometimes  given  off;  it 
runs  downward  in  the  lateral  wall  of  the  sinus,  and  conveys  the  middle  alveolar 
nerve  to  the  premolar  teeth.  At  the  medial  and  forepart  of  the  orbital  surface, 
just  lateral  to  the  lacrimal  groove,  is  a  depression,  which  gives  origin  to  the  Obliquus 
oculi  inferior. 

Wilhfronlal 


The  nasal  sottace  (Fig.  302)  presents  a  large,  irregular  opening  leading  into  the 
maxillary  sinus.  At  the  upper  border  of  this  aperture  are  some  broken  air  cells, 
which,  in  the  articulated  skull,  are  closed  in  by  the  ethmoid  and  lacrimal  bones. 
Below  the  aperture  is  a  smooth  concavity  which  forms  part  of  the  inferior  meatus 
of  the  nasal  cavity,  and  behind  it  is  a  rough  surface  for  articulation  with  the  per- 
pendicular part  of  the  palatine  bone;  this  surface  is  traversed  by  a  groove,  com- 
mencing near  the  middle  of  the  posterior  border  and  running  obliquely  downward 
and  forward;  the  groove  is  converted  into  a  canal,  the  pteiygopBlatbie  canal,  by  the 
palatine  bone.  In  front  of  the  opening  of  the  sinus  is  a  deep  groove,  the  lacrimal 
groove,  which  is  converted  into  the  nasolacrimal  canal,  by  the  lacrimal  bone  and 
inferior  nasal  concha;  this  canal  opens  into  the  inferior  meatus  of  the  nose  and 
transmits  the  nasolacrimal  duct.  More  anteriorly  is  an  oblique  ridge,  the  concbal 
crest,  for  articulation  with  the  inferior  nasal  concha.  The  shallow  concavity  above 
this  ridge  forms  part  of  the  atrium  of  the  middle  meatus  of  the  nose,  and  that 
below  it,  part  of  the  inferior  meatus. 


THE  MAXILLA  259 

Tha  MaTillftiy  Sinas  or  Antrum  of  Highmore  {sin-ua  jnaxillaris). — The  maxillary 
sinus  is  a  large  pjTamidal  cavity,  witbin  the  body  of  the  maxilla:  its  wez,  directed 
lateralward,  is  formed  by  the  zygomatic  process;  its  bue,  directed  medialward, 
by  the  lateral  wall  of  the  nose.  Its  walls  are  everywhere  exceedingly  thin,  and 
correspond  to  the  nasal  orbital,  anterior,  and  infratemporal  surfaces  of  the  body 
of  the  bone.  Its  nasal  wall,  or  base,  presents,  in  the  disarticulated  bone,  a  large, 
irregular  aperture,  communicating  with  the  nasal  cavity.  In  the  articulated 
skull  this  aperture  is  much  reduced  in  size  by  the  following  bones:  the  uncinate 
process  of  ^e  ethmoid  above,  the  ethmoidal  process  of  the  inferior  nasal  concha 
below,  the  vertical  part  of  the  p^atine  behind,  and  a  small  part  of  the  lacrimal 
above  and  in  front  (Figs.  302,  303) ;  the  sinus  communicates  with  the  middle  meatus 
of  the  nose,  generally  by  two  small  apertures  left  between  the  above-mentioned 
bones.    In  the  recent  state,  usually  only  one  small  opening  exists,  near  the  upper 
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Fia.  303.— Left  muilluy  nniu  opened  ham  tfa«  Bilfrior. 

part  of  the  cavity;  the  other  is  closed  by  mucous  membrane.  On  the  posterior 
▼•Q  are  the  alveolar  canals,  transmitting  the  posterior  superior  alveolar  vesseb 
and  ner^'es  to  the  molar  teeth.  The  floor  is  formed  by  the  alveolar  process  of  the 
toaxilla,  and,  if  the  sinus  be  of  an  a^'crage  size,  is  on  a  level  with  the  floor  of 
the  nose;  if  the  sinus  be  large  it  reaches  below  this  level. 

Projecting  into  the  floor  of  the  antrum  are  several  conical  processes,  correspond- 
ing to  the  roots  of  the  first  and  second  molar  teeth;'  in  some  cases  the  floor  is 
perforated  by  the  fangs  of  the  teeth.  The  infraorbital  canal  usually  projects  into 
the  cavity  as  a  well-marked  ridge  extending  from  the  roof  to  the  anterior  wall; 
additional  ridges  are  sometimes  seen  in  the  posterior  wall  of  the  cavity,  and 

0  iiilh  the  floor  ot  the  antrum  is  verUble.    The  aiinu  "nisy  eitend 


260  OSTEOLOGY 

are  caused  by  the  alveolar  canals.    The  size  of  the  cavity  varies  in  different  skulls, 
and  even  on  the  two  sides  of  the  same  skuU.^ 

Applied  Anatomy. — ^The  extreme  thinness  of  the  walls  of  this  cavity  affords  an  explanation 
of  the  fact  that  a  tumor  growing  from  the  maxillary  sinus  and  encroaching  upon  the  adjacent 
parts  may  push  up  the  floor  of  the  orbit,  and  displace  the  eyeball;  may  project  into  the  nose; 
may  protrude  forward  on  to  the  cheek;  or  may  make  its  way  backward  into  the  infratemporal 
fossa,  or  downward  into  the  mouth. 

The  Zygomatic  Process  {processus  zygomatums;  malar  process). — ^The  zygomatic 
process  is  a  rough  triangular  eminence,  situated  at  the  angle  of  separation  of  the 
anterior,  zygomatic,  and  orbital  surfaces.  In  front  it  forms  part  of  the  anterior 
surface;  behind,  it  is  concave,  and  forms  part  of  the  infratemporal  fossa;  above, 
it  is  rough  and  serrated  for  articulation  with  the  zygomatic  bone;  while  below, 
it  presents  the  prominent  arched  border  which  marks  the  division  between  the 
anterior  and  infratemporal  surfaces. 

The  Frontal  Process  {processus  frontalis;  nasal  process). — ^The  frontal  process 
is  a  strong  plate,  which  projects  upward,  medialward,  and  backward,  by  the  side 
of  the  nose,  forming  part  of  its  lateral  boundary.  Its  lateral  surface  is  smooth, 
continuous  with  the  anterior  surface  of  the  body,  and  gives  attachment  to  the 
Quadratus  labii  superioris,  the  Orbicularis  oculi,  and  the  medial  palpebral  ligament. 
Its  medial  surface  forms  part  of  the  lateral  wall  of  the  nasal  cavity;  at  its  upper 
part  is  a  rough,  uneven  area,  which  articulates  with  the  ethmoid,  closing  in  the 
anterior  ethmoidal  cells;  below  this  is  an  oblique  ridge,  the  ethmoidal  crest,  the 
posterior  end  of  which  articulates  with  the  middle  nasal  concha,  while  the  anterior 
part  is  termed  the  agger  nasi;  the  crest  forms  the  upper  limit  of  the  atrium  of  the 
middle  meatus.  The  upper  border  articulates  with  the  frontal  bone  and  the  anterior 
with  the  nasal;  the  posterior  border  is  thick,  and  hollowed  into  a  groove,  which  is 
continuous  below  with  the  lacrimal  groove  on  the  nasal  surface  of  the  body:  by 
the  articulation  of  the  medial  margin  of  the  groove  with  the  anterior  border  of 
the  lacrimal  a  corresponding  groove. on  the  lacrimal  is  brought  into  continuity, 
and  together  they  form  the  lacrimal  fossa  for  the  lodgement  of  the  lacrimal  sac. 
The  lateral  margin  of  the  groove  is  named  the  anterior  lacrimal  crest,  and  is  con- 
tinuous below  with  the  orbital  margin;  at  its  junction  with  the  orbital  surface  is 
a  small  tubercle,  the  lacrimal  tubercle,  which  serves  as  a  guide  to  the  position  of 
the  lacrimal  sac. 

The  Alveolar  Process  {processus  aheolaris). — ^The  alveolar  process  is  the  thickest 
and  most  spongy  part  of  the  bone.  It  is  broader  behind  than  in  front,  and  exca- 
vated into  deep  cavities  for  the  reception  of  the  teeth.  These  cavities  are  eight 
in  number,  and  vary  in  size  and  depth  according  to  the  teeth  they  contain.  That 
for  the  canine  tooth  is  the  deepest;  those  for  the  molars  are  the  widest,  and  are 
subdivided  into  minor  cavities  by  septa;  those  for  the  incisors  are  single,  but 
deep  and  narrow.  The  Buccinator  arises  from  the  outer  surface  of  this  process, 
as  far  forward  as  the  first  molar  tooth.  When  the  maxillae  are  articulated  with  each 
other,  their  alveolar  processes  together  form  the  alveolar  arch;  the  centre  of  the 
anterior  margin  of  this  arch  is  named  the  alveolar  point. 

The  Palatine  Process  {processus  palatinus;  palatal  process). — ^The  palative 
process,  thick  and  strong,  is  horizontal  and  projects  medialward  from  the  nasal 
surface  of  the  bone.  It  forms  a  considerable  part  of  the  floor  of  the  nose  and  the 
roof  of  the  mouth  and  is  much  thicker  in  front  than  behind.  Its  inferior  surface 
(Fig.  304)  is  concave,  rough  and  uneven,  and  forms,  with  the  palatine  process  of 
the  opposite  bone,  the  anterior  three-fourths  of  the  hard  plate.  It  is  perforated 
by  numerous  foramina  for  the  passage  of  the  nutrient  vessels;  is  channelled  at  the 

1  Aldren  Turner  {pp.  cit.)  gives  the  following  measurements  as  those  of  an  average  sixed  sinus:    vertical  height 
opposite  first  molar  tooth,  IH  inch;  transverse  breadth,  1  inch;  and  antero-posterior  depth,  \\i  inch. 
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back  part  of  its  lateral  border  by  a  groove,  sometimes  a  canal,  for  the  transmission 
of  the  descending  palatine  vessels  and  the  anterior  palatine  nerve  from  the  spheno- 
palatine ganglion;  and  presents  little  depressions  for  the  lodgement  of  the  palatine 
glands.  When  the  two  maxillte  are  articulated,  a  funnel-shaped  opening,  the 
incialTe  foramen,  is  seen  in  the  middle  line,  immediately  behind  the  incisor  teeth. 
la  this  opening  the  orifices  of  two  lateral  canals  are  visible;  they  are  named  the 
incisive  ean&ls  or  foramina  of  Stsnsen;  through  each  of  them  passes  the  terminal 
branch  of  the  descending  palatine  arterj'  and  the  nasopalatine  ner\'e.  Occasionally 
two  additional  canals  are  present  in  the  middle  line;  they  are  termed  the  foramina 
of  Scupa,  and  when  present  transmit  the  nasopalatine  nerves,  the  left  passing 
through  the  anterior,  and  the  right  through  the  posterior  canal.  On  the  under 
surface  of  the  palatine  process,  a  delicate  linear  suture,  well  seen  in  young  skulls, 
may  sometimes  be  noticed  extending  lateralward  and  forward  on  either  side  from 

Ineitivt  eoTiait 
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Fio.  304— The  bony  paJats  and  slvsolar  srsh. 

the  incisive  foramen  to  the  interval  between  the  lateral  incisor  and  the  canine  tooth . 
The  small  part  in  front  of  this  suture  constitutes  the  premaxilla  (03  incisivuvi), 
which  in  most  vertebrates  forms  an  independent  bone;  it  includes  the  whole  thick- 
ness of  the  alveolus,  the  corresponding  part  of  the  floor  of  the  nose  and  the  anterior 
nasal  spine,  and  contains  the  sockets  of  the  incisor  teeth.  The  vpper  surface  of 
the  palatine  process  is  concave  from  side  to  side,  smooth,  and  forms  the  greater 
part  of  the  floor  of  the  nasal  cavity.  It  presents,  close  to  its  medial  margin,  the 
upper  orifice  of  the  incisive  canal.  The  lateral  border  of  the  process  is  incorporated 
with  the  rest  of  the  bone.  The  medial  border  is  thicker  in  front  than  behind,  and 
Ls  raised  above  into  a  ridge,  the  nasal  crest,  which,  with  the  corresponding  ridge 
of  the  opposite  bone,  forms  a  groove  for  the  reception  of  the  vomer.  The  front 
part  of  this  ridge  rises  to  a  considerable  height,  and  is  named  the  incisor  crest; 
it  b  prolonged  forward  into  a  sharp  process,  which  forms,  together  with  a  similar 


process  of  the  opposite  bone,  the  anterior  nasal  spine.    The  posterior  border  is  ser- 
rated for  articulation  with  the  horizontal  part  of  the  palatine  bone. 

Osilflcation, — The  m&xilla  is  ossiRed  in  membraDe.  Mall'  and  Fawcett*  maintain  that  it  is 
oasilied  from  tiw  centres  only,  one  for  the  maxilla  proper  and  one  for  the  premaxilla.  These 
centres  appear  during  the  sixth  week  of  fetal  life  and  unite  in  the  banning  of  the  third  month, 
but  the  suture  between  the  two  portions  persists  on  the  palate  until  nearly  middle  life.  Mall 
atat«e  that  the  frontal  process  is  developed  from  both  centres.  The  maxillary  sinus  appears  as 
a  shallow  groove  on  the  nasal  surface  of  the  bone  about  the  fourth  month  of  fetal  lite,  but  does 
not  reach  its  full  size  until  after  the  second  dentition.  The  maxilla  was  formerly  described  as 
oeaifying  from  six  centres,  viz.,  one,  the  orbiUmasal,  forms  that  portion  of  the  body  of  the  bone 
which  lies  medial  to  the  infraorbital  canal,  including  the  medial  part  of  the  floor  of  the  orbit  and 
the  lateral  wall  of  the  nasal  cavity;  a  second,  the  zygomatic,  gives  origin  to  the  portion  which  lies 
lateral  to  the  infraorbital  canal,  including  the  zygomatic  process;  from  a  third,  the  palatine,  is 
developed  the  palatine  process  posterior  to  the  incisive  canal  together  with  the  adjoining  part 
of  the  nasal  wall;  a  fourth,  the  premaxillary,  forms  the  incisive  bone  which  carries  the  incisor 


Pio.  307,— Ku&l'aurfsce  ol  puuiUa  kt  birth. 

teeth  and  corresponds  to  the  premaxilla  of  the  lower  vertebrates;'  a  fifth,  the  Jiaaal,  gives  rise  to 
the  frontal  process  and  the  portion  above  the  canine  tooth;  and  a  sixth,  the  infravom^ne,  lies 
between  the  palatine  and  premaxillary  centres  and  beneath  the  vomer;  this  centre,  together  with 
the  corresponding  centre  of  the  opposite  bone,  separates  the  incisive  canals  from  each  other, 

ArticnUtions.— The  maxilla  articulates  with  nine  bones:  two  of  the  cranium,  the  frontal  and 
ethmoid,  and  seven  of  the  face,  viz.,  the  nasal,  zygomatic,  lacrimal,  inferior  nasal  concha,  palatine, 
vomer,  and  its  fellow  of  the  opposite  side.  Sometimes  it  articulates  with  the  orbital  surface, 
a:id  sometimes  with  the  lateral  pterygoid  plate  of  the  sphenoid. 

CHANGES  PRODUCED   IN   THE   MAXILLA  BY  AGE. 

At  birth  the  transverse  and  antero-posterior  diameters  of  the  bone  are  each  greats'  than  the 
vertical.  The  frontal  process  is  well-marked  and  the  body  of  the  bone  consists  of  little  more  than 
the  alveolar  process,  the  teeth  sockets  reaching  almost  to  the  floor  of  the  orbit.  The  maxillary 
sinus  presents  the  appearance  of  a  furrow  on  the  lateral  wall  of  the  nose.  In  the  adult  the  vertical 
diameter  is  the  greatest,  owing  to  the  development  of  the  alveolar  process  and  the'increase  in 
size  of  the  sinus.  In  old  age  the  bone  reverts  in  some  measure  to  the  infantile  condition;  its 
height  is  diminished,  and  after  the  loss  of  the  teeth  the  alveolar  process  is  absorbed,  and  the 
lower  part  of  the  bone  contracted  and  reduced  in  thickness. 
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The  Laciiinal  Bone  (Os  Lacrimale). 

The  lacrimal  brai«,  the  smallest  and  most  fragile  bone  of  the  face,  is  situated 
at  the  front  part  of  the  medial  wall  of  the  orbit  (Fig.  309).  It  has  two  surfaces 
and  four  borders. 

Surfaces.— The  lateral  or  orbital  surface  (Fig.  308)  is  divided  by  a  vertical  ridge, 
the  posterior  lacrimal  crest,  into  two  parts.  In  front  of  this  crest  is  a  longitudinal 
groove,  the  lacrimal  sulcus  {sulcus  lacrimalls) ,  the  inner  margin  of  which  unites 
with  the  frontal  process  of  the  maxilla,  and  the  lacrimal  fossa  is  thus  completed. 
The  upper  part  of  this  fossa  lodges  the  lacrimal  sac,  the  lower  part,  the  naso- 
lacrimal duct.  The  portion  behind  the  crest  is  smooth,  and  forms  part  of  the 
medial  wall  of  the  orbit.  The  crest,  with  a  part  of  the  orbital  surface  imme- 
diately behind  it,  gives  origin  to  the  lacrimal  part  of  the  Orbicularis  ocuii  and 
^ods  below  in  a  small,  hook-like  projection,  the  lacrimal  hamolos,  which  articu- 
lates with  the  lacrimal  tubercle  of  the  maxilla,  and  completes 
tbe  upper  orifice  of  the  lacrimal  canal;  it  sometimes  exists  as 
a  separate  piece,  and  is  then  called  the  lesser  lacrimal  bone. 

lie  medial  or  nasal  surface  presents  a  longitudinal  furrow,  U 

corresponding  to  the  crest  on  the  lateral  surface.    The  area  in  ^ 

front  of  this  furrow  forms  part  of  the  middle  meatus  of  the  | 

nose;  that  behind  it  articulates  with  the  ethmoid,  and  completes  ^ 

some  of  the  anterior  ethmoidal  cells. 

Boideis. — Of  the  jouT  borders  the  anterior  articulates  with 
tbe  frontal  process  of  the  maxilla;  the  posterior  with  the  lamina 
papjTacea  of  the  ethmoid;  the  superior  with  the  frontal  bone.  ii^fe^ ^^i amcha 

The  inletior  is  divided  by  the  lower  edge  of  the  posterior  lacri-  fio.  308.— uit  lacri- 
nul  crest  mto  two  parts:  the  posterior  part  articulates  with  i^.'^DiaiSd.'"'  ""^ 
the  orbital  plate  of  the  maxilla;  the  anterior  Is  prolonged 
downward  as  the  descending  process,  which  articulates  with  the  lacrimal  process 
of  the  inferior  nasal  concha,  and  assists  in  forming  the  canal  for  the  nasolacrimal 
duet, 


IL- — The  lacrimal  is  oseified  from  a  single  centre,  which  appears  about  the  twelfth 
vedi  in  the  membrane  covering  the  cartilaginoue  nasal  capsule. 

MenUtioiU. — The  lacrimal  articulatee  with  four  bones:  two  of  tbe  cranium,  the  frontal 
Md  ethmoid,  and  two  of  the  face,  the  maxilla  and  the  inferior  nasal  concha. 

The  Zygomatic  Bone  (Os  Zygomaticuin ;  Malar  Bone). 

The  t7(omatic  bone  is  small  and  quadrangular,  and  is  situated  at  the  upper 
and  lateral  part  of  the  face:  it  forms  the  prominence  of  the  cheek,  part  of  the 
lateral  wall  and  floor  of  the  orbit,  and  parts  of  the  temporal  and  infratemporal 
Ims  (Fig.  309),  It  presents  a  malar  and  a  temporal  surface;  four  processes,  the 
frontosphenoidal,  orbital,  maxillary,  and  temporal;  and  four  borders. 

Surfaces. — The  malar  surface  (Fig.  310)  is  convex  and  perforated  near  its  centre 
hy  a  small  aperture,  the  sjrgcanaticotacial  foramen,  for  the  passage  of  the  zygomatico- 
facial ner\'e  and  vessels;  below  tins  foramen  is  a  slight  elevation,  which  gives 
origin  to  the  Zygomaticus. 

The  temporal  surface  (Fig.  311),  directed  backward  and  medialward,  is  concave, 
presenting  medially  a  rough,  triangular  area,  for  articulation  with  the  maxilla, 
.  and  laterally  a  smooth,  concave  surface,  the  upper  part  of  which  forms  the  anterior 
bouodarj-  of  the  temporal  fossa,  the  lower  a  part  of  the  infratemporal  fossa.  Near 
the  centre  of  this  surface  is  the  zygomaticotemporal  foramen  for  the  transmission 
of  the  zygomaticotemporal  nerve. 
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Processes. — The  foontoephenoidal  process  is  thick  and  serrated,  and  articulates 
with  the  zygomatic  process  of  the  frontal  bone.  On  its  orbital  surface,  just  within 
the  orbital  margin  and  about  11  mm.  below  the  zygomaticofrontal  suture  is  a 
tubercle  of  varjing  size  and  form,  but  present  in  95  per  cent,  of  skulls  (WhitnalP), 


).  30e.— I.ef t  lyiomi 


The  orbital  process  is  a  thick,  strong  plate,  projecting  backn'ard  and  medialward 
from  the  orbital  margin.  Its  antero-medial  sVTface  forms,  by  its  junction  with 
the  orbital  surface  of  the  maxilla  and  with  the  great  wing  of  the  sphenoid,  part 
of  the  floor  and  lateral  wall  of  the  orbit.    On  it  are  seen  the  orifices  of  two  canals. 


BriilUi  pataed 
througk 
sygomatiat- 
orbital  /o 


the  sysomaticoorbital  toramina;  one  of  these  canals  opens  into  the  temporal  fossa, 
the  other  on  the  malar  surface  of  the  bone;  the  former  transmits  the  zygomatico- 
temporal, the  latter  the  zygomaticofacial  nerve.    Its  postero-lateral  surface,  smooth 
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and  convex,  forms  parts  of  the  temporal  and  infratemporal  fossse.  Its  anterior 
marffin,  smooth  and  rounded,  is  part  of  the  circumference  of  the  orbit.  Its  superior 
margin,  rough,  and  directed  horizontally,  articulates  with  the  frontal  bone  behind 
the  zygomatic  process.  Its  poaterioT  margin  is  serrated  for  articulation,  with  the 
great  wing  of  the  sphenoid  and  the  orbital  surface  of  the  maxilla.  At  the  angle 
of  junction  of  the  sphenoidal  and  maxillary  portions,  a  short,  concave,  non-articular 
part  is  generally  seen;  this  forms  the  anterior  boundary  of  the  inferior  orbital  fissure : 
occasionally,  this  non-articular  part  is  absent,  the  fissure  then  being  completed  by 
the  junction  of  the  maxilla  and  sphenoid,  or  by  the  interposition  of  a  small  sutural 
bone  in  the  angular  interval  between  them.  The  mudllar;  process  presents  a  rough, 
triangular  surface  which  articulates  with  the  maxilla.  The  twnpwal  process, 
long,  narrow,  and  serrated,  articulates  with  the  zygomatic  process  of  the  temporal. 
Bradsrs. — ^The  tntero-saperior  or  orbital  border  is  smooth,  concave,  and  forms 
a  considerable  part  of  the  circumference  of  the  orbit.  The  antero-inferior  or  maxil- 
Uiy  bwtler  is  rough,  and  bevelled  at  the  expense  of  its  inner  table,  to  articulate 
with  the  maxilla;  near  the  orbital  margin  it  gives  origin  to  the  Quadratus  labii 
superioris.  The  postero-nperior  or  temporal  border,  curved  like  an  italic  letter  /, 
is  continuous  above  with  the  commencement  of  the  temfwral  line,  and  below  with 
the  upper  border  of  the  zygomatic  arch;  the  temporal  fascia  is  attached  to  it. 
The  poirteio-inferior  or  zygomatic  border  affords  attachment  by  its  rough  edge  to 
the  Masseter. 

-OinflCKtloii. — The  lygoroatic  bone  is  generally  described  &s  ossifying  from  three  centres — 
one  for  the  malar  and  two  (or  the  orbital  portioD;  these  appear  about  the  eighth  week  and  fuse 
about  the  fifth  month  of  fetal  life.  Mall  describes  it  as  being  ossified  from  one  centre  which 
appeals  just  beneath  and  to  the  lateral  side  of  the  orbit.  After  birth,  the  bone  is  sometimes 
ditided  by  a  horiiontal  suture  into  an  upper  larger,  and  a  lower  smaller  division.  In  some  quad- 
romana  the  zygomatic  bone  consists  of  two  parts,  an  orbital  and  a  malar. 

AlticnUtkmi. — The  zygomatic  articuUtee  with /our  bones:  the  frontal,  sphenoidal,  temporal, 
and  maxiUa. 


Tbe  Falatme  Bone  (Os  Palatinum;  Fal&te  Bone). 

The  palatine  bone  is  situated  at  the  back  part  of  the  nasal  cavity  between  the 
maxilla  and  the  pter^'goid  process  of  the  sphenoid  (Fig.  312).  It  contributes 
to  tbe  walls  of  three  cavities:  the  fioor  and  lateral  wall  of  the  nasal  cavity,  the 
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roof  of  the  mouth,  and  the  floor  of  the  orbit ;  it  enters  into  the  formation  of  two 
fos3ie,  the  pterjfopalatiiie  and  pterygoid  togsce;  and  one  fissure,  the  inferior  orbital 
fljunre.  The  palatine  bone  somewhat  resembles  the  letter  L,  and  consists  of  a 
horizontal  and  a  vertical  part  and  three  outstanding  processes — viz.,  the  pyramidal 
process,  which  is  directed  backward  and  iateralward  from  the  junction  of  the  two 
parts,  and  the  orbital  and  sphenoidal  porcesses,  which  surmount  the  vertical 
part,  and  are  separated  by  a  deep  notch,  the  sphenopalatine  notch. 

The  Hotixontal  Part  {pars  korizontalis;  horizontal  plate)  (Figs.  313,  314,). — ^The 
horizontal  part  is  quadrilateral,  and  has  two  surfaces  and  four  borders. 

Surfaces. — The  superior  aorface,  concave  from  side  to  side,  forms  the  back  part 
of  the  floor  of  the  nasal  cavity.  The  inferior  surface,  slightly  concave  and  rough, 
forms,  with  the  corresponding  surface  of  the  opposite  bone,  the  posterior  fourth 
of  the  hard  palate.  Near  its  posterior  margin  may  be  seen  a  more  or  less  marked 
transverse  ridge  for  the  attachment  of  part  of  the  aponeurosis  of  the  Tensor  veli 
palatini. 


MariUary      B 


Pottfrior 


Pia.  313.— Lefl  paLatine  bona.     Nasal  upeet.  Fis.  314.— Left  tialBtine  bone.     PoMerior  upect. 

EnlsrEsd,  Enlnrced. 

Borden. — The  anterior  border  is  serrated,  and  articulates  with  the  palatine  process 
of  the  maxilla.  The  posterior  border  is  concave,  free,  and  serves  for  the  attachment 
of  the  soft  palate.  Its  medial  end  is  sharp  and  pointed,  and,  when  united  with 
that  of  the  opposite  bone,  forms  a  projecting  pnicess,  the  posterior  nasal  spine 
for  the  attachment  of  the  Musculus  uvulae.  The  lateral  bwder  is  united  with 
the  lower  margin  of  the  perpendicular  part,  and  is  grooved  by  the  lower  end  of 
the  pterygopalatine  canal.  The  medial  border,  the  thickest,  is  serrated  for  articu- 
lation with  its  fellow  of  the  opposite  side;  its  superior  edge  is  raised  into  a  ridge, 
which,  united  with  the  ridge  of  the  opposite  bone,  forms  the  nasal  crest  for  articu- 
lation with  the  posterior  part  of  the  lower  edge  of  the  vomer. 

The  Vertical  Part  {pars  perpendicularis;  perpendicidaT  plate)  (Figs.  313,  314). — 
The  vertical  paj't  is  thin,  of  an  oblong  form,  and  presents  two  surfaces  and  four 
borders. 

Surfaces. — The  nasal  sorface  exhibits  at  its  lower  part  a  broad,  shallow  depres- 
sion, which  forms  part  of  the  inferior  meatus  of  the  nose.  Immediately  above  this 
is  a  well-marked  horizontal  ridge,  the  conchal  crest,  for  articulation  with  the 
inferior  nasal  concha;  still  higher  is  a  second  broad,  shallow  depression,  which 
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forms  part  of  the  middle  meatus,  and  is  limited  above  by  a  horizontal  crest  less 
prominent  than  the  inferior,  the  ethmoidal  crest,  for  articulation  with  the  middle 
nasal  concha.  Above  the  ethmoidal  crest  is  a  narrow,  horizontal  groove,  which 
forms  part  of  the  superior  meatus. 

The  maxillary  surface  is  rough  and  irregular  throughout  the  greater  part  of  its 
extent,  for  articulation  with  the  nasal  surface  of  the  maxilla;  its  upper  and  back 
part  is  smooth  where  it  enters  into  the  formation  of  the  pterygopalatine  fossa; 
it  is  also  smooth  in  front,  where  it  forms  the  posterior  part  of  the  medial  wall  of 
the  maxillary  sinus.  On  the  posterior  part  of  this  surface  is  a  deep  vertical  groove, 
converted  into  the  pterygopalatine  canal,  by  articulation  with  the  maxilla;  this 
canal  transmits  the  descending  palatine  vessels,  and  the  anterior  palatine  nerve. 

Borders. — The  anterior  border  is  thin  and  irregular;  opposite  the  conchal  crest  is  a 
pointed,  projecting  lamina,  the  maxillary  process,  which  is  directed  forward,  and 
closes  in  the  lower  and  back  part  of  the  opening  of  the  maxillary  sinus.  The 
posterior  border  (Fig.  314)  presents  a  deep  groove,  the  edges  of  which  are  serrated 
for  articulation  with  the  medial  pterygoid  plate  of  the  sphenoid.  This  border 
is  continuous  above  with  the  sphenoidal  process;  below  it  expands  into  the 
pyramidal  process.  The  superior  border  supports  the  orbital  process  in  front  and  the 
sphenoidal  process  behind.  These  processes  are  separated  by  the  sphenopalatine 
notch,  which  is  converted  into  the  sphenopalatine  foramen  by  the  under  surface  of 
the  body  of  the  sphenoid.  In  the  articulated  skull  this  foramen  leads  from  the 
pterj^'gopalatine  fossa  into  the  posterior  part  of  the  superior  meatus  of  the  nose, 
and  transmits  the  sphenopalatine  vessels  and  the  superior  nasal  and  nasopalatine 
nerves.  The  inferior  border  is  fused  with  the  lateral  edge  of  the  horizontal  part, 
and  immediately  in  front  of  the  pyramidal  process  is  grooved  by  the  lower  end 
of  the  pterj'^gopalatine  canal. 

The  Pyramidal  Process  or  Tuberosity  (processus  pyramidaiis) , — ^The  pyramidal 
process  projects  backward  and  lateralward  from  the  junction  of  the  horizontal 
and  vertical  parts,  and  is  received  into  the  angular  interval  between  the  lower 
extremities  of  the  pterygoid  plates.  On  its  posterior  surface  is  a  smooth,  grooved, 
triangular  area,  limited  on  either  side  by  a  rough  articular  furrow.  The  furrows 
articulate  with  the  pterygoid  plates,  while  the  grooved  intermediate  area  completes 
the  lower  part  of  the  pterygoid  fossa  and  gives  origin  to  a  few  fibres  of  the  Ptery- 
goideus  internus.  The  anterior  part  of  the  lateral  surface  is  rough,  for  articulation 
with  the  tuberosity  of  the  maxilla;  its  posterior  part  consists  of  a  smooth  triangular 
area  which  appears,  in  the  articulated  skull,  between  the  tuberosity  of  the  maxilla 
and  the  lower  part  of  the  lateral  pterygoid  plate,  and  completes  the  lower  part 
of  the  infratemporal  fossa.  On  the  base  of  the  pyramidal  process,  close  to  its 
union  with  the  horizontal  part,  are  the  lesser  palatine  foramina  for  the  transmis- 
sion of  the  posterior  and  middle  palatine  nerv'es. 

The  Orbital  Process  (processtis  orbitalis). — ^The  orbital  process  is  placed  on  a 
higher  level  than  the  sphenoidal,  and  is  directed  upward  and  lateralward  from 
the  front  of  the  vertical  part,  to  which  it  is  connected  by  a  constricted  neck.  It 
presents  five  surfaces,  which  enclose  an  air  cell.  Of  these  surfaces,  three  are  articu- 
lar and  two  non-articular.  The  articular  surfaces  are:  (1)  the  anterior  or  maxUlary, 
directed  forward,  lateralward,  and  downward,  of  an  oblong  form,  and  rough  for 
articulation  with  the  maxilla;  (2)  the  posterior  or  sphenoidal,  directed  backward, 
upward,  and  medialward;  it  presents  the  opening  of  the  air  cell,  which  usually 
commimicates  with  the  sphenoidal  sinus;  the  margins  of  the  opening  are  serrated 
for  articulation  with  the  sphenoidal  concha;  (3)  the  medial  or  ethmoidal,  directed 
forward j  articulates  with  the  labyrinth  of  the  ethmoid.  In  some  cases  the  air 
cell  opens  on  this  surface  of  the  bone  and  then  communicates  with  the  posterior 
ethmoidal  cells.  More  rarely  it  opens  on  both  surfaces,  and  then  communicates 
with  the  posterior  ethmoidal  cells  and  the  sphenoidal  sinus.    The  non-articular 
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surfaces  are:  (1)  the  superior  or  orbital,  directed  upward  and  lateralward;  it  is 
triangular  in  shape,  and  forms  the  back  part  of  the  floor  of  the  orbit;  and  (2)  the 
lateral,  of  an  oblong  form,  directed  toward  the  pterygopalatine  fossa;  it  is  separated 
from  the  orbital  surface  by  a  rounded  border,  which  enters  into  the  formation  of 
the  inferior  orbital  fissure. 

The  Sphenoidal  Process  {processus  sphenoidalis) . — ^The  sphenoidal  process  is 
a  thin,  compressed  plate,  much  smaller  than  the  orbital,  and  directed  upward 
and  medialward.  It  presents  three  surfaces  and  two  borders.  The  superior  surface 
articulates  with  the  root  of  the  pterygoid  process  and  the  under  surface  of  the 
sphenoidal  concha,  its  medial  border  reaching  as  far  as  the  ala  of  the  vomer;  it 
presents  a  groove  which  contributes  to  the  formation  of  the  pharyngeal  canal. 
The  medial  surface  is  concave,  and  forms  part  of  the  lateral  wall  of  the  nasal  cavity. 
The  lateral  surface  is  divided  into  an  articular  and  a  non-articular  portion:  the 
former  is  rough,  for  articulation  with  the  medial  pterygoid  plate;  the  latter  is 
smooth,  and  forms  part  of  the  pterygopalatine  fossa.  The  anterior  border  forms 
the  posterior  boundary  of  the  sphenopalatine  notch.  The  posterior  border,  serrated 
at  the  expense  of  the  outer  table,  articulates  with  the  medial  pterygoid  plate. 

The  orbital  and  sphenoidal  processes  are  separated  from  one  another  by  the 
spheiiopalatine  notch.  Sometimes  the  two  processes  are  united  above,  and  form 
between  them  a  complete  foramen  (Fig.  313),  or  the  notch  may  be  crossed  by  one 
or  more  spicules  of  bone,  giving  rise  to  two  or  more  foramina. 

Ossification. — The  palatine  bone  is  ossified  in  membrane  from  a  single  centre,  which  makes 
its  appearance  about  the  sixth  or  eighth  week  of  fetal  life  at  the  angle  of  junction  of  the  two  parts 
of  the  bone.  From  this  point  ossification  spreads  medialward  to  the  horizontal  part,  downward 
into  the  p3rt*amidal  process,  and  upward  into  the  vertical  part.  Some  authorities  describe  the 
bone  as  ossifying  from  four  centres:  one  for  the  pyramidal  process  and  portion  of  the  vertical 
part  behind  the  pterygopalatine  groove;  a  second  for  the  rest  of  the  vertical  and  the  horizontal 
parts;  a  third  for  the  orbital,  and  a  fourth  for  the  sphenoidal  process.  At  the  time  of  birth  the 
height  of  the  vertical  part  is  about  equal  to  the  transverse  width  of  the  horizontal  part,  whereas 
in  the  adult  the  former  measures  about  twice  as  much  as  the  latter. 

Articulations. — The  palatine  articulates  with  six  bones:  the  sphenoid,  ethmoid,  maxilla, 
inferior  nasal  concha,  vomer,  and  opposite  palatine. 

The  Inferior  Nasal  Concha  (Concha  Nasalis  Inferior ;  Inferior  Turbinated  Bone) . 

The  inferior  nasal  concha  extends  horizontally  along  the  lateral  wall  of  the 
nasal  cavity  (Fig.  315)  and  consists  of  a  lamina  of  spongy  bone,  curled  upon  itself 
like  a  scroll.    It  has  two  surfaces,  two  borders,  and  two  extremities. 

The  medial  surface  (Fig.  316)  is  convex,  perforated  by  numerous  apertures, 
and  traversed  by  longitudinal  grooves  for  the  lodgement  of  vessels.  The  lateral 
surface  is  concave  (Fig.  317),  and  forms  part  of  the  inferior  meatus.  Its  upper 
border  is  thin,  irregular,  and  connected  to  various  bones  along  the  lateral  wall 
of  the  nasal  cavity.  It  may  be  divided  into  three  portions:  of  these,  the  anterior 
articulates  with  the  conchal  crest  of  the  maxilla;  the  posterior  with  the  conchal 
crest  of  the  palatine;  the  middle  portion  presents  three  well-marked  processes, 
which  vary  much  in  their  size  and  form.  Of  these,  the  anterior  or  lacrimal  process 
is  small  and  pointed  and  is  situated  at  the  junction  of  the  anterior  fourth  with 
the  posterior  three-fourths  of  the  bone:  it  articulates,  by  its  apex,  with  the  descend- 
ing process  of  the  lacrimal  bone,  and,  by  its  margins,  with  the  groove  on  the  back 
of  the  frontal  process  of  the  maxilla,  and  thus  assists  in  forming  the  canal  for  the 
nasolacrimal  duct.  Behind  this  process  a  broad,  thin  plate,  the  ethmoidal  process, 
ascends  to  join  the  uncinate  process  of  the  ethmoid;  from  its  lower  border  a  thin 
lamina,  the  maxUlary  process,  curves  downward  and  lateralward;  it  articulates 
with  the  maxilla  and  forms  a  part  of  the  medial  wall  of  the  maxillary  sinus.  The 
inferior  border  is  free,  thick,  and  cellular  in  structure,  more  especially  in  the  middle 
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of  the  bone.    Both  extremities  are  more  or  less  pointed,  the  posterior  being  the 
more  tapering. 


<^  tlAntoid 


ninfs  inio 


Fio.  SIS. — Lateral  nil  of  right  nual  ravlty  ihowioa  inlgrior  voacha  in  nlu. 

OnifieattOD. — The  inferior  naeai  coDcha  is  ossified  from  a  single  centre,  which  appears  ab9Ut 
the  fifth  month  of  fetal  life  in  the  lateral  wall  of  the  cartilaginous  nasal  capsule. 

ArticnUtioiia. — The  inferior  nasal  concha  articulates  with  four  bones:  the  ethmoid,  maxilla, 
lacrimal,  and  palatine. 


FlQ.  3Ifl.— RJsht  inl< 


Madbl  HufaM. 


The  Vaner. 

The  vomer  is  situated  in  the  median  plane,  hut  its  anterior  portion  is  frequently 
bent  to  one  or  other  side.  It  is  thin,  somewhat  quadrilateral  in  shape,  and  forms 
the  hinder  and  lower  part  of  the  nasal  septum  (Fig.  318);  it  has  two  surfaces  and 
four  borders.  The  sorfaces  (Fig.  319)  are  marked  by  small  furrows  for  blood- 
A'essels,  and  on  each  is  the  nasopalatine  gmoYo,  which  runs  obliquely  downward 
and  forward,  and  lodges  the  nasopalatine  nerve  and  vessels.  The  supeiior  border, 
the  thickest,  presents  a  deep  furrow,  bounded  on  either  side  by  a  horizontal  pro- 
jecting ala  of  bone;  the  furrow  receives  the  rostrum  of  the  sphenoid,  while  the 
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margins  of  the  alse  articulate  with  the  vaginal  processes  of  the  medial  pterj'goid 
plates  of  the  sphenoid  behind,  and  with  the  sphenoidal  processes  of  the  palatine 
bones  in  front.  The  inferior  boider  articulates  with  the  crest  formed  by  the  maxillie 
and  palatine  bones.    The  anterior  border  is  the  longest  and  slopes  downward  and 


Fronti 


forward.  Its  upper  half  is  fused  with  the  perpendicular  plate  of  the  ethmoid; 
its  lower  half  is  grooved  for  the  inferior  margin  of  the  septal  cartilage  of  the  nose. 
The  posterior  border  is  free,  concave,  and  separates  the  choanse.  It  is  thick  and 
bifid  above,  thin  below. 

OsslfiUtion.— At  an  early  period 
the  septum  of  the  nose  conaistfi  of  a 
pkte  of  cartilage,  the  elhmovomerine 
cartilage.  The  poatero-euperior  part 
of  this  cartilage  ia  ossified  to  form 
the  perpendicular  plate  of  the  eth- 
moid; its  antero-inferior  portioo  per- 
sists as  the  septal  cartilage,  while  the 
vomer  is  ossified  in  the  membrane 
covering  its  poetero-interior  part. 
Two  osaific  centrea,  one  on  either 
side  of  the  middle  line,  appear  about 
the  eighth  week  of  fetal  life  in  this 
port  of  the  membrane,  and  hence  the 
vomer  consists  primarily  of  two  lam- 
ella). About  the  third  month  tbeee 
unite  below,  and  thus  a  deep  groove 
is  formed  in  which  the  cartilage  is  lodged.  As  growth  proceeds,  the  Union  of  the  lamella 
extends  upward  and  forward,  and  at  (he  same  time  the  inlen-ening  plate  of  cartilage  undergoes 
absorption.  By  the  age  of  puberty  the  lamella;  are  almost  completely  united  to  form  a  median 
plat«,  but  evidence  of  the  bilaminar  origin  of  the  bone  is  seen  in  the  everted  alte  of  its  upper 
border  and  the  groove  on  its  anterior  margin. 
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ArtknlationB. — The  vomer  articulateH  with  «iz  bones:  two  of  tbe  crtuium,  the  ephenoid  and 
ethmoid;  and  four  of  the  face,  the  two  maxills  and  the  two  palatine  bonee;  it  also  articulates 
with  the  septal  cartilage  of  the  ooee. 

Apptiod  Anatomy. — The  surfaces  of  the  vomer  are  (covered  by  mucous  membrane,  which  is 
intimately  connected  with  the  periosteum,  httle,  if  any,  submucous  connective  tissue  intervening. 
Hmce  polypi  are  rarely  found  growing  from  this  surface,  though  they  frequently  grow  from  the 
lateral  walls  of  tbe  nasal  cavities,  where  the  submucous  tissue  is  abundant. 

The  TWMHJMe  (Mandibnla;  Inferior  Maxillary  Bone;  Lower  Jav). 

The  mandible,  the  largest  and  strongest  bone  of  the  face,  sen-es  for  the  reception 
of  the  lower  teeth.  It  consists  of  a  curv-ed,  horizontal  portion,  the  bodr,  and  two 
perpendicular  portions,  the  rani,  which  unite  with  the  ends  of  the  body  nearly 
at  right  angles. 

The  Body  {corpus  mandibulae). — The  body  is  curved  somewhat  tike  a  horseshoe, 
and  has  two  surfaces  and  two  borders. 

Coronoiil  proctis  Conduit 


maxitlary  artery 
Fis.  320. — Mukdible.    Outer  HirfHS.     Side  view. 

Stnfaees. — The  external  surtace  (Fig.  320)  is  marked  in  the  median  line  by  a 
taint  ndge,  indicating  the  sym^tysis  or  line  of  junction  of  the  two  pieces  of  which 
the  bone  is  composed  at  an  early  period  of  life.  This  ridge  divides  below  and 
encloses  a  triangiUar  eminence,  the  mental  protuberance,  the  base  of  which  is  de- 
pressed in  the  centre  but  raised  on  either  side  to  form  the  mental  tubercle.  On  either 
side  of  the  symphysis,  just  below  the  incisor  teeth,  is  a  depression,  the  incisive 
toua,  which  gives  origin  to  the  Mentalis  and  a  small  portion  of  the  Orbicularis 
oris.  Below  the  second  premolar  tooth,  on  either  side,  midway  between  the  upper 
and  lower  borders  of  the  body,  is  the  mental  foramen,  for  the  passage  of  the  mental 
vessels  and  nerve.  Running  backward  and  upward  from  each  mental  tubercle 
is  a  faint  ridge,  the  obliqne  line,  which  is  continuous  with  the  anterior  border  of  the 
ramus;  it  affords  attachment  to  the  Quadratus  labii  inferioris  and  Triangularis; 
tbe  Platysma  is  attached  below  it. 

The  internal  surface  (Fig.  321)  is  concave  from  side  to  side.  Near  the  lower 
part  of  the  s^nnphysis  is  a  pair  of  laterally  placed  spines,  termed  the  mental  spinea, 
which  give  origin  to  the  Genioglossi.  Immediately  below  these  is  a  second  pair 
of  spines,  or  more  frequently  a  median  ridge  or  impression,  for  the  origin  of  the 
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Geniohyoidei.  In  some  cases  the  mental  spines  are  fused  to  form  a  single  eminence, 
in  others  they  are  absent  and  their  position  is  indicated  merely  by  an  irregularity 
of  the  surface.  Above  the  mental  spines  a  median  foramen  and  furrow  are  some- 
times seen ;  they  mark  the  line  of  union  of  the  halves  of  the  bone.  Below  the  mental 
spines,  on  either  side  of  the  middle  line,  is  an  oval  depression  for  the  attachment 
of  the  anterior  belly  of  the  Digastricus.  Extending  upward  and  backward  on  either 
side  from  the  lower  part  of  the  symphysis  is  the  mylohyoid  line,  which  gives  origin 
to  the  Mylohyoideus;  the  posterior  part  of  this  line,  near  the  alveolar  margin, 
gives  attachment  to  a  small  part  of  the  Constrictor  pharyngis  superior,  and  to 
the  pterygomandibular  raph^.  Above  the  anterior  part  of  this  line  is  a  smooth 
triangular  area  against  which  the  sublingual  gland  rests,  and  below  the  hinder 
part,  an  oval  fossa  for  the  submaxillary  gland. 


AyDuIetu 

Mylohyoid  line 
Fia.  321.— Muulible.     Innsr  lurface.     Side  view. 

Borders. — The  superior  or  alveolar  border,  wider  behind  than  in  front,  is  hollowed 
into  cavities,  for  the  reception  of  the  teeth;  these  cavities  are  sixteen  in  number, 
and  vary  in  depth  and  size  according  to  the  teeth  which  they  contain.  To  the 
outer  lip  of  the  superior  border,  on  either  side,  the  Buccinator  is  attached  as 
far  forward  as  the  first  molar  tooth.  The  inferior  border  is  rounded,  longer  than 
the  superior,  and  thicker  in  front  than  behind;  at  the  point  where  it  joins  the 
lower  border  of  the  ramus  a  shallow  groove;  for  the  external  maxillary  artery, 
may  be  present. 

The  lUmna  (ramiw  mandibulae;  perpendicvJar  poriiona). — The  ramus  is  quadri- 
lateral in  shape,  and  has  two  surfaces,  four  borders,  and  two  processes. 

Snrt»c«8. — The  lateral  surface  (Fig.  320)  is  flat  and  marked  by  oblique  ridges 
at  its  lower  part;  it  gives  attachment  throughout  nearly  the  whole  of  its  extent 
to  the  Masseter.  The  medial  surf  ace  (Fig.  321)  presents  about  its  centre  the  oblique 
mandibular  foramen,  for  the  entrance  of  the  inferior  alveolar  vessels  and  nerve. 
The  margin  of  this  opening  is  irregular;  it  presents  in  front  a  prominent  ridge, 
surmounted  by  a  sharp  spine,  the  Ungula  mandibnlae,  which  gives  attachment  to 
the  sphenomandibular  ligament;  at  its  lower  and  back  part  is  a  notch  from  which 
the  mylohyoid  groove  runs  obliquely  downward  and  for\\'ard,  and  lodges  the  mylo- 
hyoid vessels  and  nerve.    Behind  this  groove  is  a  rough  surface,  for  the  insertion 
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of  the  Pterygoideus  internus.  The  mandibular  canal  runs  obliquely  downward 
and  forward  in  the  ramus,  and  then  horizontally  forward  in  the  body,  where  it 
is  placed  under  the  alveoli  and  communicates  with  them  by  small  openings.  On 
arri\ang  at  the  incisor  teeth,  it  turns  back  to  communicate  with  the  mental  foramen, 
giving  oflf  two  small  canals  which  run  to  the  cavities  containing  the  incisor  teeth. 
In  the  posterior  two-thirds  of  the  bone  the  canal  is  situated  nearer  the  internal 
surface  of  the  mandible;  and  in  the  anterior  third,  nearer  its  external  surface.  It 
contains  the  inferior  alveolar  vessels  and  nerve,  from  which  branches  are  dis- 
tributed to  the  teeth.  The  lower  border  of  the  ramus  is  thick,  straight,  and  con- 
tinuous with  the  inferior  border  of  the  body  of  the  bone.  At  its  junction  with  the 
posterior  border  is  the  angle  of  the  mandible,  which  may  be  either  inverted  or  everted 
and  is  marked  by  rough,  oblique  ridges  on  each  side,  for  the  attachment  of  the 
Masseter  laterally,  and  the  Pterygoideus  internus  medially;  the  stylomandibular 
ligament  is  attached  to  the  angle  between  these  muscles.  The  anterior  border  is 
than  above,  thicker  below,  and  continuous  with  the  oblique  line.  The  posterior 
border  is  thick,  smooth,  rounded,  and  covered  by  the  parotid  gland.  The  upper 
border  is  thin,  and  is  surmounted  by  two  processes,  the  conmoid  in  front  and  the 
condyloid  behind,  separated  by  a  deep  concavity,  the  mandibular  notch. 

The  Coronoid  Process  (processTiS  coronoideua)  is  a  thin,  triangular  eminence, 
which  is  flattened  from  side  to  side  and  varies  in  shape  and  size.  Its  anterior 
border  is  convex  and  is  continuous  below  with  the  anterior  border  of  the  ramus; 
its  posterior  border  is  concave  and  forms  the  anterior  boundary  of  the  mandibular 
notch.  Its  lateral  surface  is  smooth,  and  affords  insertion  to  the  Temporalis  and 
Masseter.  Its  medial  surface  gives  insertion  to  the  Temporalis,  and  presents 
a  ridge  which  begins  near  the  apex  of  the  process  and  runs  downward  and  forward 
to  the  inner  side  of  the  last  molar  tooth.  Between  this  ridge  and  the  anterior 
border  is  a  grooved  triangular  area,  the  upper  part  of  which  gives  attachment 
to  the  Temporalis,  the  lower  part  to  some  fibres  of  the  Buccinator. 

The  Ckmdyloid  Process  {processus  condyloideus)  is  thicker  than  the  coronoid, 
and  consists  of  two  portions:  the  condyle,  and  the  constricted  portion  which  sup- 
ports it,  the  neck.  The  condyle  presents  an  articular  surface  for  articulation  with 
the  articular  disk  of  the  temporomandibular  joint;  i^  is  convex  from  before  back- 
ward and  from  side  to  side,  and  extends  farther  on  the  posterior  than  on  the  ante- 
rior surface.  Its  long  axis  is  directed  medialward  and  slightly  backward,  and  if 
prolonged  to  the  middle  line  w^ill  meet  that  of  the  opposite  condyle  near  the  ante- 
rior margin  of  the  foramen  magnum.  At  the  lateral  extremity  of  the  condyle 
is  a  small  tubercle  for  the  attachment  of  the  temporomandibular  ligament.  The 
neck  is  flattened  from  before  backward,  and  strengthened  by  ridges  which  descend 
from  the  forepart  and  sides  of  the  condyle.  Its  posterior  surface  is  convex;  its 
anterior  presents  a  depression  for  the  attachment  of  the  Pterygoideus  externus. 

The  mandibular  notch,  separating  the  two  processes,  is  a  deep  semilunar  depres- 
sion, and  is  crossed  by  the  masseteric  vessels  and  nerve. 

Ossification. — The  mandible  is  ossified  in  the  fibrous  membrane  covering  the  outer  surfaces 
of  Meckel's  cartilages.  These  cartilages  form  the  cartilaginous  bar  of  the  mandibular  arch  (see 
p.  109),  and  are  two  in  number,  a  right  and  a  left.  Their  proximal  or  cranial  ends  are  connected 
with  the  ear  capsules,  and  their  distal  extremities  are  joined  to  one  another  at  the  symphysis 
by  mesodermal  tissue.  They  run  forward  immediately  below  the  condyles  and  then,  bending 
downward,  lie  in  a  groove  near  the  lower  border  of  the  bone;  in  front  of  the  canine  tooth  they 
incline  upward  to  the  symphysis.  From  the  proximal  end  of  each  cartilage  the  malleus  and 
incus,  tWo  of  the  bones  of  the  middle  ear,  are  developed;  the  next  succeeding  portion,  as  far  as 
the  lingula,  is  replaced  by  fibrous  tissue,  which  persists  to  form  the  sphenomandibular  ligament. 
Between  the  lingula  and  the  canine  tooth  the  cartilage  disappears,  while  the  portion  of  it  below 
and  behind  the  incisor  teeth  becomes  ossified  and  incorporated  with  this  part  of  the  mandible. 

Ossification  takes  place  in  the  membrane  covering  the  outer  surface  of  the  ventral  end  of 
Meckel's  cartilage  (Figs.  322  to  325),  and  each  half  of  the  bone  is  formed  from  a  single  centre 
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which  appears,  near  the  mental  foramen,  about  the  sixth  week  of  fetal  life.  By  the  teoth  week 
the  portion  of  Meckel'a  cartilage  wliich  lies  below  and  behind  the  incisor  teeth  is  surrounded  and 
invaded  by  the  membrane  bone.    Somewhat  later,  accessory  nuclei  of  cartilage  make  their  appear- 


ance, vi».|  a  wedge-shaped  nucleus  in  the  condyloid  process  and  extending  downward  through 
the  ramus;  a  small  strip  along  the  anterior  border  of  the  coronoid  process;  and  smaller  nuclei 
in  the  front  part  of  both  alveolar  walls  and  along  the  front  of  the  lower  border  of  the  bone.  These 
accessory  nuclei  possess  no  separate  os.'^ilic  centres,  but  are  invaded  by  the  surrounding  membrane 

MandilnUar  iicrtw 


Ankrior  promn  0}  malleus 
Fia.  324.— Muidible  of  bumun  ombn'o  at  03  mm.  Ioiie      Outer  upect.     Nucl«  of  urtilixs  itippled. 
(From  model  by  l^w.l 

bone  and  uodergo  absorption.  The  inner  alveolar  border,  usually  described  as  arising  from  a 
separate  ossific  centre  {iplenial  centre),  is  formed  in  the  human  mandible  by  an  ingrowth  from 
the  main  mass  of  the  bone.  At  birth  the  bone  consists  of  two  parte,  united  by  a  fibrous  symphysis, 
in  which  ossification  takes  place  during  the  first  year. 

Auncidolemporai  turve 


SyjnjJiysit 
—Mimdibia  of  bui 


The  foregoing  description  of  the  assification  of  the  mandible  is  based  c 
Low'  and  Fawcett,'  and  differs  somewhat  from  that  usually  given. 
ArticnUlioiU.— The  mandible  articulates  with  the  fuo  temporal  bones. 

<  Prweedinn  of  tbc  ADaloml<^n]  and  Anthropolozicol  .Society  of  t)ie  Univenlty  of  .\beid« 
Anatomy  and  Physiolop'.  vol.  iliv. 
'  Journal  of  the  American  Medical  .lawKiation,  September  2.  IWh. 


the  researches  of 
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CHANGES  PRODUCED   IN  THE  MANDIBLE  BY  AGE. 

At  bizth  (Fig.  326),  the  body  of  the  bone  is  a  mere  shell,  containing  the  sockets  of  the  two 
incisor,  the  canine,  and  the  two  deciduous  molar  teeth,  imperfectly  partitioned  off  from  one 
another.  The  mandibular  canal  is  of  large  size,  and  runs  near  the  lower  border  of  the  bone;  the 
mental  foramen  opens  beneath  the  socket  of  the  first  deciduous  molar  tooth.  The  angle  is  obtuse 
(175**),  and  the  condyloid  portion  is  nearly  in  line  with  the  body.  The  coronoid  process  is  of 
comparatively  large  size,  and  projects  above  the  level  of  the  condyle. 

After  birth  (Fig.  327),  the  two  segments  of  the  bone  become  joined  at  the  symphysis,  from 
below  upward,  in  the  first  year;  but  a  trace  of  separation  may  be  visible  in  the  beginning  of  the 
second  year,  near  the  alveolar  margin.  The  body  becomes  elongated  in  its  whole  length,  but 
more  especially  behind  the  mental  foramen,  to  provide  space  for  the  three  additional  teeth  devel- 
oped in  this  part.  The  depth  of  the  body  increases  owing  to  increased  growth  of  the  alveolar 
part,  to  afford  room  for  the  roots  of  the  teeth,  and  by  thickening  of  the  subdental  portion  which 
enables  the  jaw  to  withstand  the  powerful  action  of  the  masticatory  muscles;  but  the  alveolar 
portion  is  the  deeper  of  the  two,  and,  consequently,  the  chief  part  of  the  body  lies  above  the 
oblique  line.  The  mandibular  canal,  after  the  second  dentition,  is  situated  just  above  the  level 
of  the  mylohyoid  line;  and  the  mental  foramen  occupies  the  position  ^usual  to  it  in  the  adult. 
The  angle  becomes  less  obtuse,  owing  to  the  separation  of  the  jaws  by  the  teeth;  about  the  fourth 
year  it  is  140**. 

In  the  adult  (Fig.  328),  the  alveolar  and  subdental  portions  of  the  body  arc  usually  of  equa 
depth.  The  mental  foramen  opens  midway  between  the  upper  and  lower  borders  of  the  bone, 
and  the  mandibular  canal  runs  nearly  parallel  with  the  mylohyoid  line.  The  ramus  is  almost 
vertical  in  direction,  the  angle  measuring  from  110**  to  120°. 

In  old  a^e  (Fig.  329),  the  bone  becomes  greatly  reduced  in  size,  for  with  the  loss  of  the  teeth 
the  alveolar  process  is  absorbed,  and,  consequently,  the  chief  part  of  the  bone  is  below  the  oblique 
line.  The  mandibular  canal,  with  the  mental  foramen  opening  from  it,  is  close  to  the  alveolar 
border.  The  ramus  is  oblique  in  direction,  the  angle  measures  about  140**,  and  the  neck  of  the 
condyle  is  more  or  less  bent  backward. 

The  Hyoid  Bone  (Os  Hyoideum;  Linfi^l  Bone). 

The  hyoid  bone  is  shaped  Hke  a  horseshoe,  and  is  suspended  from  the  tips  of  the 
styloid  processes  of  the  temporal  bones  by  the  stylohyoid  ligaments.  It  consists 
of  five  segments,  viz.,  a  body»  two  grreater  comua,  and  two  lesser  comua. 

The  Body  or  Basihyal  (corpus  oss,  hyoidei). — The  body  or  central  part  is 
of  a  quadrilateral  form.  Its  anterior  surface  (Fig.  330)  is  convex  and  directed 
foi^'ard  and  upward.  It  is  crossed  in  its  upper  half  by  a  well-marked  transverse 
ridge  with  a  slight  downward  convexity,  and  in  many  cases  a  vertical  median 
ridge  divides  it  into  two  lateral  halves.  The  portion  of  the  vertical  ridge  above 
the  transverse  line  is  present  in  a  majority  of  specimens,  but  the  lower  portion  is 
evident  only  in  rare  cases.  The  anterior  surface  gives  insertion  to  the  Geniohyoid- 
eus  in  the  greater  part  of  its  extent  both  above  and  below  the  transverse  ridge; 
a  portion  of  the  origin  of  the  Hyoglossus  notches  the  lateral  margin  of  the  Genio- 
hyoideus  attachment.  Below  the  transverse  ridge  the  Mylohyoideus,  Sterno- 
hyoideus,  and  Omohyoideus  are  inserted.  The  posterior  surface  is  smooth, 
concave,  directed  backward  and  downward,  and  separated  from  the  epiglottis  b\ 
the  hyothyroid  membrane  and  a  quantity  of  loose  areolar  tissue;  a  bursa  intervenes 
between  it  and  the  hyothyroid  membrane.  The  superior  border  is  rounded,  and 
gives  attachment  to  the  hyothyroid  membrane  and  some  aponeurotic  fibres  of  the 
Genioglossus.  The  inferior  border  affords  insertion  medially  to  the  Sternohyoideus 
and  laterally  to  the  Omohyoideus  and  occasionally  a  portion  of  the  Thyreohyoideus. 
It  also  gives  attachment  to  the  Levator  glandulae  thyreoideae,  when  this  muscle 
is  present.  In  early  life  the  lateral  borders  are  connected  to  the  greater  cornua 
by  synchondroses;  after  middle  life  usually  by  bony  union. 

The  Greater  Comua  or  Thyrohyals  {comua  mujora),  —  The  greater  cornua 
project  backward  from  the  lateral  borders  of  the  body;  they  are  fiattened  from 
above  downward  and  diminish  in  size  from  before  backward;  each  ends  in  a  tubercle 
to  which  is  fixed  the  lateral  hyothyroid  ligament.    The  upper  surface  is  rough 
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close  to  its  lateral  border,  for  muscular  attachments :  the  largest  of  these  are  the 
origins  of  the  Hyoglossus  and  Constrictor  pharyngis  medius  which  extend  along 
the  whole  length  of  the  comu;  the  Digastricus  and  Stylohyoideus  have  smaU 
insertions    in   front   of  these 
near  the  junction  of  the  body 
with  the  cornu.  To  the  medial 
border  the  hyothyroid   mem- 
brane is  attached,  while  the 
anterior    half   of    the   lateral 
bwder  gives  insertion  to  the 
Th  jTeohyoid  eus . 

The  Lesser  Comna  or  Gera- 
tohjmls  {comua  minora). — The 
lesser  comu  are  two  small, 
conical  eminences,  attached 
by  their  bases  to  the  angles  of 
junction  between  the  body  and  6«,oHvpn>Mi 

greater  comua.   They  are  con-  fio.  aao-Hyoid  bon».   AoMrior  m^u».   Eaiu,ed. 

nected  to  the  body  of  the  bone 

by  fibrous  tissue,  and  occasionally  to  the  greater  cornua  by  distinct  diarthrodial 
joints,  which  usually  persist  throughout  life,  but  occasionally  become  ankylosed. 

The  lesser  cornua  are  situated  in  the  line  of  the  transverse  ridge  on  the  body 
and  appear  to  be  morphological  continuations  of  it  (Parsons')-  The  apex  of  each 
comu  gives  attachment  to  the  stylohyoid  ligament;'  the  Chondroglossus  rises 
from  the  medial  side  of  the  base. 

Ouification.^The  hyoid  is  ossified  from  xix  centres:  two  for  the  body,  and  one  for  each  cornu. 
Oadficfttion  commences  in  the  greater  comua  toward  the  end  of  fetal  life,  in  the  body  shortly 
afterward,  and  in  the  leaser  comaa  during  the  first  or  second  year  after  birth. 

Ap^ied  Anatomy. — The  hyoid  bone  is  occasionally  fractured,  generally  from  direct  violence, 
as  in  haoging,  forcible  grasping  of  the  throat  in  garroting  or  throttling,  or  by  a  blow.  The  frac- 
ture generally  occurs  about  the  junction  of  the  greater  comu  with  the  body  of  the  bone,  but 
Mmetimea  taksB  place  through  the  latter;  since  the  muBclee  of  the  tongue  have  important  con- 
Dections  with  this  bone,  there  is  great  pain  upon  any  attempt  beiog  made  to  move  the  tongue, 
as  in  speaking  or  swallowing. 


THE  EXTERIOR  OF  THE  SKULL. 

The  skull  as  a  whole  may  be  viewed  from  different  points,  and  the  views  so 
obtained  are  termed  the  norma  of  the  skull;  thus,  it  may  be  examined  from  above 
(nonna  TertlcaliB),  from  below  (norma  basatiB),  from  the  side  (norma  lateralis), 
from  behind  (oonna  occipitalis),  or  from  the  front  (oorma  frontalis). 

Hoima  Verticalis. — When  viewed  from  above  the  outline  presented  varies 
greatly  in  different  skulls;  in  some  it  is  more  ot^less  oval,  in  others  more  nearly 
circular.  The  surface  is  traversed  by  three  sutures,  viz.:  (1)  the  coronal  sntures, 
nearly  transverse  in  direction,  between  the  frontal  and  parietals;  (2)  the  sagittal 
■otorea,  medially  placed,  between  the  parietal  bones,  and  deeply  serrated  in  its 
anterior  two-thirds;  and  (3)  the  upper  part  of  the  lambdoldal  suture,  between  the 
parietals  and  the  occipital.  The  point  of  junction  of  the  sagittal  and  coronal  suture 
is  named  the  bregma,  that  of  the  sagittal  and  lambdoid  sutures,  the  lambda;  they 
indicate  respectivelj'  the  positions  of  the  anterior  and  posterior  fontanelles  in  the 
fetal  skiUl.  On  either  side  of  the  sagittal  suture  are  the  parietal  eminence  and  parietal 

ad  MorphoJogy  o(  the  Humoa  Hyoid  Bone,"  by  P.  G.  Panoog,  Journal  ol 
J  nuny  uiuiuU  an  diBtinct  botun,  Hiul  in  man  may  uoder^o  partial  CHaiflcation. 
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foramen — the  latter,  however,  is  frequently  absent  on  one  or  both  sides.  The 
skull  is  often  somewhat  flattened  in  the  neighborhood  of  the  parietal  foramina, 
and  the  term  obelion  is  applied  to  that  point  of  the  sagittal  suture  which  is  on 
a  level  with  the  foramina.  In  front  is  the  glabella,  and  on  its  lateral  aspects  are 
the  superciliary  arches,  and  above  these  the  frontal  eminences.  Immediately  above 
the  glabella  may  be  seen  the  remains  of  the  frontal  suture;  in  a  small  percentage 
of  skulls  this  suture  persists  and  extends  along  the  middle  line  to  the  bregma. 
Passing  backward  and  upward  from  the  zygomatic  processes  of  the  frontal  bone 
are  the  temporal  lines,  which  mark  the  upper  limits  of  the  temporal  fossae.  .  The 
zygomatic  arches  may  or  may  not  be  seen  projecting  beyond  the  anterior  portions 
of  these  lines. 

Norma  Basalis  (Fig.  331). — ^The  inferior  surface  of  the  base  of  the  skull,  exclu- 
sive of  the  mandible,  is  bounded  in  front  by  the  incisor  teeth  in  the  maxillae;  behind, 
by  the  superior  nuchal  lines  of  the  occipital;  and  laterally  by  the  alveolar  arch, 
the  lower  border  of  th«  zygomatic  bone,  the  zygomatic  arch  and  an  imaginary 
line  extending  from  it  to  the  mastoid  process  and  extremity  of  the  superior  nuchal 
line  of  the  occipital.  It  is  formed  by  the  palatine  processes  of  the  maxillae  and 
palatine  bones,  the  vomer,  the  pterygoid  processes,  the  under  surfaces  of  the 
great  wings,  spinous  processes,  and  part  of  the  body  of  the  sphenoid,  the  under 
surfaces  of  the  squamae  and  mastoid  and  petrous  portions  of  the  temporals,  and 
the  under  surface  of  the  occipital  bone.  The  anterior  part  or  hard  palate  projects 
below  the  level  of  the  rest  of  the  surface,  and  i3  bounded  in  front  and  laterally 
by  the  alveolar  arch  containing  the  sixteen  teeth  of  the  maxillae.  Immediately 
behind  the  incisor  teeth  is  the  incisive  foramen.  In  this  foramen  are  two  lateral 
apertures,  the  openings  of  the  incisiye  canals  (foramina  of  Stensen)  which  transmit 
the  anterior  branches  of  the  descending  palatine  vessels,  and  the  nasopalatine 
nerves.  Occasionally  two  additional  canals  are  present  in  the  incisive  foramen; 
they  are  termed  the  foramina  of  Scarpa  and  are  situated  in  the  middle  line;  when 
present  they  transmit  the  nasopalatine  nerves.  The  vault  of  the  hard  palate 
is  concave,  uneven,  perforated  by  numerous  foramina,  marked  by  depressions  for 
the  palatine  glands,  and  traversed  by  a  crucial  suture  formed  by  the  junction  of  the 
four  bones  of  which  it  is  composed.  In  the  young  skull  a  suture  may  be  seen  ex- 
tending on  either  side  from  the  incisive  foramen  to  the  interval  between  the  lateral 
incisor  and  canine  teeth,  and  marking  off  the  os  incisivum  or  premaxillary  bone. 
At  either  posterior  angle  of  the  hard  palate  is  the  greater  palatine  foramen,  for  the 
transmission  of  the  descending  palatine  vessels  and  anterior  palatine  nerve;  and 
running  forward  arid  medialward  from  it  a  groove,  for  the  same  vessels  and  nerve. 
Behind  the  posterior  palatine  foramen  is  the  pyramidal  process  of  the  palatine  bone, 
perforated  by  one  or  more  lesser  palatine  foramina,  and  marked  by  the  commence- 
ment of  a  transverse  ridge,  for  the  attachment  of  the  tendinous  expansion  of  the 
Tensor  veli  palatini.  Projecting  backward  from  the  centre  of  the  posterior  border 
of  the  hard  palate  is  the  posterior  nasal  spine,  for  the  attachment  of  the  Musculus 
uvulae.  Behind  and  above  the  hard  palate  are  the  choanae,  measuring  about 
2.5  cm.  in  their  vertical  and  1.25  cm.  in  their  transverse  diameters.  They  are 
separated  from  one  another  by  the  vomer,  and  each  is  bounded  above  by  the  body 
of  the  sphenoid,  below  by  the  horizontal  part  of  the  palatine  bone,  and  laterally 
by  the  medial  pterygoid  plate  of  the  sphenoid.  At  the  superior  border  of  the 
vomer  may  be  seen  the  expanded  alae  of  this  bone,  receiving  between  them  the  ros- 
trum of  the  sphenoid.  Near  the  lateral  margins  of  the  alae  of  the  vomer,  at  the 
roots  of  the  pterygoid  processes,  are  the  pharyngeal  canals.  The  pterygoid  process 
presents  near  its  base  the  pterygoid  canal,  for  the  transmission  of  a  nerve  and  artery. 
The  medial  pterygoid  plate  is  long  and  narrow;  on  the  lateral  side  of  its  base  is  the 
scaphoid  fossa,  for  the  origin  of  the  Tensor  veli  palatini,  and  at  its  lower  extremity 
the  hamulus,  around  which  the  tendon  of  this  muscle  turns.    The  lateral  pterygoid 
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plate  is  broad;  its  lateral  surface  forms  the  medial  boundary  of  the  infratemporal 
fossa,  and  affords  attachment  to  the  Pterygoideus  externus. 


TranrmUi  UJt  nt 
TVuiurmiU  dacewfing  palati. 
TraixtHtiU  right  natnpalatim 


Ponterior  luual  ij/ine 
Miisculiu  uvtdne 
Pieryyoid  hamulus 


Teiiior  lympaiii 

Pharyn'jiul  t-aberde 
aUualiuH   of  auditory   lubr  and 
AtJiHcaBoi  [or  Tensor  tympani 
TtHmir  TtlJ  pvlalini 
X<nferior  tympanic  canalituiim 

JvguUirfiirainm 
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Behind  the  nasal  cavities  is  the  basilar  portion  of  the  occipital  bone,  presenting 
near  its  centre  the  pharyngeal  tubercle  for  the  attachment  of  the  fibrous  raph6 
of  the  pharynx,  with  depressions  on  either  side  for  the  insertions  of  the  Rectus 
capitis  anterior  and  Longus  capitis.  At  the  base  of  the  lateral  pterygoid  plate 
is  the  foramen  oyale,  for  the  transmission  of  the  mandibular  nerve,  the  accessory 
meningeal  artery,  and  sometimes  the  lesser  superficial  petrosal  nerve;  behind  this  are 
the  foramen  spinosum  which  transmits  the  middle  meningeal  vessels,  and  the  promi- 
nent spina  angularis  {sphenoidal  spine),  which  gives  attachment  to  the  spheno- 
mandibular  ligament  and  the  Tensor  veli  palatini.  Lateral  to  the  spina  angularis 
is  the  mandibular  fossa,  divided  into  two  parts  by  the  petrotympanic  fissure;  the 
anterior  portion,  concave,  smooth,  bounded  in  front  by  the  articular  tubercle, 
serves  for  the  articulation  of  the  condyle  of  the  mandible;  the  posterior  portion, 
rough  and  bounded  behind  by  the  tympanic  part  of  the  temporal,  is  sometimes 
occupied  by  a  part  of  the  parotid  gland.  Emerging  from  between  the  laminae 
of  the  vaginal  process  of  the  t^Tnpanic  part  is  the  styloid  process;  and  at  the  base 
of  this  process  is  the  stylomastoid  foramen,  for  the  exit  of  the  facial  nerve,  and 
entrance  of  the  stylomastoid  artery.  Lateral  to  the  stylomastoid  foramen,  between 
the  tympanic  part  and  the  mastoid  process,  is  the  tsrmpanomastoid  fissure,  for  the 
auricular  branch  of  the  vagus.  Upon  the  medial  side  of  the  mastoid  process  is 
the  mastoid  notch  for  the  posterior  belly  of  the  Digastricus,  and  medial  to  the  notch, 
the  occipital  grooye  for  the  occipital  arter>'.  At  the  base  of  the  medial  pterygoid 
plate  is  a  large  and  somewhat  triangular  aperture,  the  foramen^  lacerum,  bounded 
in  front  by  the  great  wing  of  the  sphenoid,  behind  by  the  apex  of  the  petrous 
portion  of  the  temporal  bone,  and  medially  by  the  body  of  the  sphenoid  and  basilar 
portion  of  the  occipital  bone;  it  presents  in  front  the  posterior  orifice  of  the  ptery- 
goid canal;  behind,  the  aperture  of  the  carotid  canal.  The  lower  part  of  this  opening 
is  filled  up  in  the  recent  state  by  a  fibrocartilaginous  plate,  across  the  upper  or 
cerebral  surface  of  which  the  internal  carotid  artery  passes.  Lateral  to  this  aperture 
is  a  groove,  the  sulcus  tubae  auditiyae,  between  the  petrous  part  of  the  temporal  and 
the  great  wing  of  the  sphenoid.  This  sulcus  is  directed  lateralward  and  backward 
,from  the  root  of  tfie  medial  pterygoid  plate  and  lodges  the  cartilaginous  part  of  the 
auditory  tube;  it  is  continuous  behind  with  the  canal  in  the  temporal  bone  which 
forms  the  bony  part  of  the  same  tube.  At  the  bottom  of  this  sulcus  is  a  narrow 
cleft,  the  petrosphenoidal  fissure,  which  is  occupied,  in  the  recent  condition,  by  a 
plate  of  cartilage.  Behind  this  fissure  is  the  under  surface  of  the  petrous  portion 
of  the  temporal  bone,  presenting,  near  its  apex,  the  quadrilateral  rought  surface, 
part  of  which  affords  attachment  to  the  Levator  veli  palatini;  lateral  to  this  surface 
is  the  orifice  of  the  carotid  canal,  and  medial  to  it,  the  depression  leading  to  the 
aquaeductus  cochleae,  the  former  transmitting  the  internal  carotid  artery  and  the 
carotid  plexus  of  the  sympathetic,  the  latter  serving  for  the  passage  of  a  vein  from 
the  cochlea.  Behind  the  carotid  canal  is  the  jugular  foramen,  a  large  aperture, 
formed  in  front  by  the  petrous  portion  of  the  temporal,  and  behind  by  the  occipital; 
it  is  generally  larger  on  the  right  than  on  the  left  side,  and  may  be  subdivided 
into  three  compartments.  The  anterior  compartment  transmits'  the  inferior 
petrosal  sinus;  the  intermediate,  the  glossopharyngeal,  vagus,  and  accessory 
nerves;  the  posterior,  the  transverse  sinus  and  some  meningeal  branches  from  the 
occipital  and  ascending  pharyngeal  arteries.  On  the  ridge  of  bone  dividing  the 
carotid  canal  from  the  jugular  foramen  is  the  inferior  tympanic  canaliculus  for 
the  transmission  of  the  tympanic  branch  of  the  glossopharyngeal  nerve;  and  on  the 
wall  of  the  jugular  foramen,  near  the  root  of  the  styloid  process,  is  the  mastoid 
canaliculus  for  the  passage  of  the  auricular  branch  of  the  vagus  nerve.  Extending 
forward  from  the  jugular  foramen  to  the  foramen  lacerum  is  the  petro5ccipital  fissure 
occupied,  in  the  recent  state,  by  a  plate  of  cartilage.  Behind  the  basilar  portion 
of  the  occipital  bone  is  the  foramen  magnum,  bounded  laterally  by  the  occipital 
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t-oodyles,  the  medial  sides  of  which  are  rough  for  the  attachment  of  the  alar 
ligaments.  Lateral  to  each  condyle  is  the  jnful&r  process  which  gives  attachment 
tu  the  Rectus  capitis  lateralis  muscle  and  the  lateral  atlantooccipital  ligament. 
The  foramen  magnum  transmits  the  medulla  oblongata  and  its  membranes,  the 
accessory-  nerves,  the  vertebral  arteries,  the  anterior  and  posterior  spinal  arteries, 
and  the  ligaments  connecting  the  occipital  bone  with  the  axis.  The  mid-points 
on  the  anterior  and  posterior  margins  of  the  foramen  magnum  are  respectively 
termed  the  baaion  and  the  opisttaion.  In  front  of  each  condyle  is  the  canal  for  the 
passage  of  the  hypoglossal  nerve  and  a  meningeal  artery.  Behind  each  condyle 
is  the  condyloid  tossa,  perforated  on  one  or  both  sides  by  the  condyloid  canal,  for 
the  transmission  of  a  vein  from  the  transverse  sinus.  Behind  the  foramen  magnum 
b  the  mAdian  nuchal  line  ending  above  at  the  external  occipital  protuberance,  whUe 
on  either  side  are  the  superior  and  interior  nnchal  lines;  these,  as  well  as  the  surfaces 
of  bone  between  them,  are  rough  for  the  attachment  of  the  muscles  which  are 
enumerated  on  pages  227  and  22S. 


Norma  Lateralis  (Fig.  332).— When  viewed  from  the  side  the  skull  is  seen  to 
consist  of  the  cranium  above  and  behind,  and  of  the  face  below  and  in  front.  The 
cranium  is  somewhat  ovoid  in  shape,  but  its  contour  varies  in  different  cases  and 
depends  largely  on  the  length  and  height  of  the  skull  and  on  the  degree  of  promi- 
nence of  the  superciliary  arches  and  frontal  eminences.  Entering  into  its  formation 
are  the  frontal,  the  parietal,  the  occipital,  the  temporal,  and  the  great  wing  of  the 
sphenoid.  These  bones  are  joined  to  one  another  and  to  the  zygomatic  by  the  follow- 
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ing  sutures:  the  zygomaticotemporal  between  the  zygomatic  process  of  the  temp>oraI 
and  the  temporal  process  of  the  zygomatic;  the  zygomaticofrontal  uniting  the  zygo- 
matic bone  with  the  zygomatic  process  of  the  frontal;  the  sutures  surrounding  the 
great  wing  of  the  sphenoid,  viz.,  the  sphenozygomatic  in  front,  the  sphenofrontal 
and  sphenoparietal  above,  and  the  sphenosquamosal  behind.  The  sphenoparietal 
suture  varies  in  length  in  different  skulls,  and  is  absent  in  those  cases  where  the 
frontal  articulates  with  the  temporal  squama.  The  point  corresponding  with  the 
posterior  end  of  the  sphenoparietal  suture  is  named  the  pterion;  it  is  situated  about 
3  cm.  behind,  and  a  little  above  the  level  of  the  zygomatic  process  of  the  frontal 
bone. 

The  squamosal  suture  arches  backward  from  the  pterion  and  connects  the  tem- 
poral squama  with  the  lower  border  of  the  parietal:  this  suture  is  continuous 
behind  with  the  short,  nearly  horizontal  parietomastoid  suture,  which  unites  the 
mastoid  process  of  the  temporal  with  the  region  of  the  mastoid  angle  of  the  parietal. 
Extending  from  above  dow^nward  and  forward  across  the  cranium  are  the  coronal 
and  lambdoidal  sutures;  the  former  connects  the  parietals  with  the  frontal,  the  latter, 
the  parietals  with  the  occipital.  The  lambdoidal  suture  is  continuous  below  with 
the  occipitomastoid  suture  between  the  occipital  and  the  mastoid  portion  of  the 
temporal.  In  or  near  the  last  suture  is  the  mastoid  foramen,  for  the  transmission 
of  an  emissary  vein.  The  point  of  meeting  of  the  parietomastoid,  occipitomastoid, 
and  lambdoidal  sutures  is  known  as  the  asterion.  Immediatelv  above  the  orbital 
margin  is  the  superciliary  arch,  and,  at  a  higher  level,  the  frontal  eminence.  Near 
the  centre  of  the  parietal  bone  is  the  parietal  eminence.  Posteriorly  is  the  ex- 
ternal occipital  protuberance,  from  which  the  superior  nuchal  line  may  be  followed 
forward  to  the  mastoid  process.  Arching  across  the  side  of  the  cranium  are  the 
temporal  lines,  which  mark  the  upper  limit  of  the  temporal  fossa. 

The  Temporal  Fossa  (fossa  temporalis). — ^The  temporal  fossa  is  bounded  above 
and  behind  by  the  temporal  lines,  which  extend  from  the  zygomatic  process  of  the 
frontal  bone  upw-ard  and  backward  across  the  frontal  and  parietal  bones,  and  then 
curve  downward  and  forward  to  become  continuous  with  the  supramastoid  crest 
and  the  posterior  root  of  the  zygomatic  arch.  The  point  where  the  upper  temporal 
line  cuts  the  coronal  suture  is  named  the  stephanion.  The  temporal  fossa  is  bounded 
in  front  by  the  frontal  and  zygomatic  bones,  and  opening  on  the  back  of  the  latter 
is  the  zygomaticotemporal  foramen.  Laterally  the  fossa  is  limited  by  the  zygomatic 
arch,  formed  by  the  zygomatic  and  temporal  bones;  below,  it  is  separated  from  the 
infratemporal  fossa  by  the  infratemporal  crest  on  the  great  wing  of  the  sphenoid, 
and  by  a  ridge,  continuous  with  this  crest,  w^hich  is  carried  backward  across  the 
temporal  squama  to  the  anterior  root  of  the  zygomatic  process.  In  front  and 
below,  the  fossa  ^communicates  with  the  orbital  cavity  through  the  inferior  orbital 
or  sphenomaxillary  fissure.  The  floor  of  the  fossa  is  deeply  concave  in  front  and 
convex  behind,  and  is  formed  by  the  zygomatic,  frontal,  parietal,  sphenoid,  and 
temporal  bones.  It  is  traversed  by  vascular  furrows;  one,  usually  well-marked,  runs 
upward  above  and  in  front  of  the  external  acoustic  meatus,  and  lodges  the  middle 
temporal  artery.  Two  others,  frequently  indistinct,  may  be  observed  on  the 
anterior  part  of  the  floor,  and  are  for  the  anterior  and  posterior  deep  temporal 
arteries.  The  temporal  fossa  contains  the  Temporalis  muscle  and  its  vessels  and 
nerves,  together  with  the  zygomaticotemporal  nerv^e. 

The  ^gomatic  arch  is  formed  by  the  zygomatic  process  of  the  temporal  and 
the  temporal  process  of  the  zygomatic,  the  two  being  united  by  an  oblique  suture; 
the  tendon  of  the  Temporalis  passes  medial  to  the  arch  to  gain  insertion  into  the 
coronoid  process  of  the  mandible.  The  zygomatic  process  of  the  temporal  arises 
by  two  roots,  an  anterior,  directed  inward  in  front  of  the  mandibular  fossa,  where 
it  expands  to  form  the  articular  tubercle,  and  a  posterior,  which  runs  backward 
above  the  external  acoustic  meatus  and  is  continuous  with  the  supramastoid 
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crest.    The  upper  border  of  the  arch  gives  attachment  to  the  temporal  fascia; 
the  \ower  border  and  medial  surface  give  origin  to  the  Masseter. 

Below  the  posterior  root  of  the  zygomatic  arch  is  the  elliptical  orifice  of  the 
extem&l  acoustic  meatus,  bounded  in  front,  below,  and  behind  by  the  tympanic 
part  of  the  temporal  bone;  to  its  outer  margin  the  cartilaginous  segment  of  the 
external  acoustic  meatus  is  attached.  The  small  triangular  area  between  the 
posterior  root  of  the  zygomatic  arch  and  the  postero-superior  part  of  the  orifice  is 
termed  the  suprameatal  triangle,  on  the  anterior  border  of  which  a  small  spinous 
process,  the  suprameatal  spine,  is  sometimes  seen.  Between  the  tympanic  part 
and  the  articular  tubercle  is  the  mtuulibular  fossa,  divided  into  two  parts  by  the 
petrotympanic  fissure.  The  anterior  and  larger  part  of  the  fossa  articulates  with 
the  condyle  of  the  mandible  and  is  limited  behind  by  the  external  acoustic  meatus: 
the  posterior  part  sometimes  lodges  a  portion  of  the  parotid  gland.  The  styloid 
process  extends  downward  and  forward  tor  a  variable  distance  from  the  lower 
part  of  the  tympanic  part,  and  gives  attachment  to  the  Styloglossus,  StyJohy- 
oideus,  and  Stylopharyngeus,  and  to  the  stylohyoid  and  stylomandibular  ligaments. 
Projecting  downward  behind  the  external  acoustic  meatus  is  the  mastoid  process, 
to  the  outer  surface  of  which  the  Sternocleidomastoideus.  Splenius  capitis,  and 
LongissiiDus  capitis  are  attached. 


Pterygoid  hamtdua 


The  Infratemporal  Fossa  (fossa  infrafevi-poralis;  zygomatic  fossa)  (Fig.  333). — The 
infratemporal  fossa  is  an  irregularly  shaped  cavity,  situated  below  and  medial  to  the 
sjfomatie  aich.  It  is  bounded,  in  front,  by  the  infratemporal  surface  of  the  maxilla 
and  the  ridge  which  descends  from  its  zygomatic  process;  behind,  by  the  articular 
tubercle  of  the  temporal  and  the  spina  angularis  of  the  sphenoid;  above,  by  the  great 
wing  of  the  sphenoid  below  the  infratemporal  crest,  and  by  the  under  surface  of 
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the  temporal  squama;  below ,  by  the  alveolar  border  of  the  maxilla;  medially,  by 
the  lateral  pterygoid  plate.  It  contains  the  lower  part  of  the  Temporalis,  the 
Pterygoidei  internus  and  externus,  the  internal  maxillary  vessels,  and  the  man- 
dibular and  maxillary  nerves.  The  foramen  oyale  and  foramen  spinosum  open  on 
its  roof,  and  the  alveolar  canals  on  its  anterior  wall.  At  its  upper  and  medial 
part  are  two  fissures,  which  together  form  a  T-shaped  fissure,  the  horizontal  limb 
being  named  the  inferior  orbital,  and  the  vertical  one  the  pterygomaxillary. 

The  inferior  orbital  fissure  (fissura  orbitalis  inferior;  sphenomaxillary  fissure), 
horizontal  in  direction,  opens  into  the  lateral  and  back  part  of  the  orbit.  It  is 
bounded  above  by  the  lower  border  of  the  orbital  surface  of  the  great  wing  of  the 
sphenoid;  below,  by  the  lateral  border  of  the  orbital  surface  of  the  maxilla  and  the 
orbital  process  of  the  palatine  bone;  laterally,  by  a  small  part  of  the  zygomatic 
bone '}  medially,  it  joins  at  right  angles  with  the  pterygomaxillary  fissiu*e.  Through 
the  inferior  orbital  fissure  the  orbit  communicates  with  the  temporal,  infratem- 
poral, and  pterygopalatine  fossae;  the  fissure  transmits  the  maxillary  nerve  and 
its  zygomatic  branch,  the  infraorbital  vessels,  the  ascending  brapches  from  the 
sphenopalatine  ganglion,  and  a  vein  which  connects  the  inferior  ophthalmic  vein 
with  the  pterygoid  venous  plexus. 

The  pterygomaxillary  fissure  is  vertical,  and  descends  at  right  angles  from  the 
medial  end  of  the  preceding;  it  is  a  triangular  interval,  formed  by  the  diver- 
gence of  the  maxilla  from  the  pterygoid  process  of  the  sphenoid.  It  connects 
the  infratemporal  with  the  pterygopalatine  fossa,  and  transmits  the  terminal  part 
of  the  internal  maxillary'  artery. 

The  Pterygopalatine  Fossa  (fossa  pterygopalatina;  sphenomaxillary  fossa). — ^The 
pterygopalatine  fossa  is  a  small,  triangular  space  at  the  angle  of  junction  of  the 
inferior  orbital  and  pterygomaxillary  fissures,  and  placed  beneath  the  apex  of 
the  orbit.  It  is  bounded  above  by  the  under  surface  of  the  body  of  the  sphenoid 
and  by  the  orbital  process  of  the  palatine  bone;  in  front,  by  the  infratemporal 
surface  of  the  maxilla;  behind,  by  the  base  of  the  pterygoid  process  and  lower  part 
of  the  anterior  surface  of  the  great  wing  of  the  sphenoid;  medially,  by  the  vertical 
part  of  the  palatine  bone  with  its  orbital  and  sphenoidal  processes.  This  fossa 
coDMnunicates  with  the  orbit  bv  the  inferior  orbital  fissure,  with  the  nasal  cavity 
by  the  sphenopalatine  foramen,  and  with  the  infratemporal  fossa  by  the  pterygo- 
maxillary fissure.  Five  foramina  open  into  it.  Of  these,  three  are  on  the  posterior 
wall,  viz.,  the  foramen  rotundum,  the  pterygoid  canal,  and  the  pharyngeal  canal, 
in  this  order  downward  and  medialward.  On  the  medial  wall  is  the  sphenopalatine 
foramen,  and  below  is  the  superior  orifice  of  the  pterygopalatine  canal.  The  fossa 
contains  the  maxillarj^  nerve,  the  sphenopalatine  ganglion,  and  the  terminal  part 
of  the  internal  maxillary  artery. 

Norma  Occipitalis. — When  viewed  from  behind  the  cranium  presents  a  more 
or  less  circular  outline.  In  the  middle  line  is  the  posterior  part  of  the  sagittal 
suture  connecting  the  parietal  bones;  extending  downward  and  lateralward  from 
the  hinder  end  of  the  sagittal  suture  is  the  deeply  serrated  lambdoidal  suture  join- 
ing the  parietals  to  the  occipital  and  continuous  below  with  the  parietomastoid  and 
occipitomastoid  sutures;  it  frequently  contains  one  or  more  sutural  bones.  Near 
the  middle  of  the  occipital  squama  is  the  external  occipital  protuberance  or  inion, 
and  extending  lateralward  from  it  on  either  side  is  the  superior  nuchal  line,  and 
above  this  the  faintly  marked  highest  nuchal  line.  The  part  of  the  squama  above 
the  inion  and  highest  lines  is  named  the  planum  occipitale,  and  is  covered  by  the 
Occipitalis  muscle;  the  part  below  is  termed  the  planum  nuchale,  and  is  divided 
by  the  median  nuchal  line  which  runs  downward  and  forward  from  the  inion  to  the 
foramen  magnum;  this  ridge  gives  attachment  to  the  ligamentum  nuchae.    The 

^  Occasionally  the  maxilla  and  the  sphenoid  articulate  with  each  other  at  the  anterior  extremity  of  this  fissure;  the 
sycomatic  is  then  excluded  from  it. 
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muscles  attached  to  the  planum  nuchale  are  enumerated  on  p.  227.  Below  and  in 
front  are  the  mastoid  processes,  convex  laterally  and  grooved  medially  by  the 
mastoid  notches.  In  or  near  the  occipitomastoid  suture  is  the  mastoid  toramen  for 
the  passage  of  the  mastoid  emissary  vein. 


Norma  Frontalis  (Fig.  334).— When  viewed  from  the  front  the  skull  exhibits  a 
somewhat  oval  outline,  limited  ahote  by  the  frontal  bone,  below  by  the  body  of  the 
mandible,  and  laierally  by  the  zygomatic  bones  and  the  mandibular  rami.  The 
upper  part,  formed  by  the  frontal  squama,  is  smooth  and  convex.  The  lower  part, 
made  up  of  the  bones  of  the  face,  is  irregular;  it  is  excavated  laterally  by  the  orbital 
cavities,  and  presents  in  the  middle  line  the  anterior  nasal  aperture  leading  to  the 
nasal  cavities,  and  below  this  the  transverse  slit  between  the  upper  and  lower 
dental  arcades.  Above,  the  trontal  eminences  stnnd  out  more  or  less  prominently, 
and  beneath  these  are  the  superciliary  arches,  joined  to  one  another  in  the  middle 
by  the  glabeUa.  On  and  above  the  glabella  a  trace  of  the  frontal  suture  sometimes 
persists;  beneath  it  is  the  frontonasal  suture,  the  mid-point  of  which  is  termed  the 
nuifln.  Behind  and  below  the  frontonasal  suture  the  frontal  articulates  with  the 
frontal  process  of  the  maxilla  and  with  the  lacrimal.    Arching  transversely  below 
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the  superciliary  arches  is  tw  upper  part  of  the  margin  of  the  orbit,  thin  and  promi- 
nent in  its  lateral  two-thirds,  rounded  in  its  medial  third,  and  presenting,  at  the 
junction  of  these  two  portions,  the  supraorbital  notch  or  foramen  for  the  supra- 
orbital nerve  and  vessels.  The  supraorbital  margin  ends  laterally  in  the  zygomatic 
process  which  articulates  with  the  zygomatic  bone,  and  from  it  the  temporal  line 
extends  upward  and  backward.  Below  the  frontonasal  suture  is  the  bridge  of  the 
nose,  convex  from  side  to  side,  concavo-convex  from  above  downward,  and  formed 
by  the  two  nasal  bones  supported  in  the  middle  line  by  the  perpendicular  plate 
of  the  ethmoid,  and  laterally  by  the  frontal  processes  of  the  maxillae  which  are 
prolonged  upward  between  the  nasal  and  lacrimal  bones  and  form  the  lower  and 
medial  part  of  the  circumference  of  each  orbit.  Below  the  nasal  bones  and  between 
the  maxillse  is  the  anterior  aperture  of  the  nose,  pyriform  in  shape,  with  the  narrow 
end  directed  upward.  Laterally  this  opening  is  bounded  by  sharp  margins,  to 
which  the  lateral  and  alar  cartilages  of  the  nose  are  attached;  below,  the  margins 
are  thicker  and  curve  medialward  and  forward  to  end  in  the  anterior  nasal  spine. 
On  looking  into  the  nasal  cavity,  the  bony  septum  which  separates  the  nasal 
cavities  presents,  in  front,  a  large  triangular  deficiency;  this,  in  the  recent  state, 
is  filled  up  by  the  cartilage  of  the  nasal  septum;  on  the  lateral  wall  of  each  nasal 
cavity  the  anterior  part  of  the  inferior  nasal  concha  is  visible.  Below  and  lateral 
to  the  anterior  nasal  aperture  are  the  anterior  surfaces  of  the  maxillae,  each 
perforated,  near  the  lower  margin  of  the  orbit,  by  the  infraorbital  foramen  for  the 
passage  of  the  infraorbital  nerve  and  vessels.  Below  and  medial  to  this  foramen 
is  the  canine  eminence  separating  the  incisive  from  the  canine  fossa.  Beneath 
these  fossfle  are  the  alveolar  processes  of  the  maxillae  containing  the  upper  teeth, 
which  overlap  the  teeth  of  the  mandible  in  front.  The  zygomatic  bone  on  either 
side  forms  the  prominence  of  the  cheek,  the  lower  and  lateral  portion  of  the  orbital 
cavity,  and  the  anterior  part  of  the  zygomatic  arch.  It  articulates  medially  with 
the  maxilla,  behind  with  the  zygomatic  process  of  the  temporal,  and  above  with 
the  great  wing  of  the  sphenoid  and  the  zygomatic  process  of  the  frontal;  it  is  per- 
forated by  the  zygomaticofacial  foramen  for  the  passage  of  the  zygomaticofacial 
nerve.  On  the  body  of  the  mandible  is  a  median  ridge,  indicating  the  position 
of  the  symphysis;  this  ridge  divides  below  to  enclose  the  mental  protuberance,  the 
lateral  angles  of  which  constitute  the  mental  tubercles.  Below  the  incisor  teeth 
is  the  incisiye  fossa,  and  beneath  the  second  premolar  tooth  the  mental  foramen 
which  transmits  the  mental  nerve  and  vessels.  The  oblique  line  runs  upward  from 
the  mental  tubercle  and  is  continuous  behind  with  the  anterior  border  of  the  ramus. 
The  posterior  border  of  the  ramus  runs  downward  and  forward  from  the  condyle 
to  the  angle,  which  is  frequently  more  or  less  everted. 

The  Orbits  (orbitae)  (Fig.  334). — ^The  orbits  are  two  quadrilateral  pyramidal  cavi- 
ties, situated  at  the  upper  and  anterior  part  of  the  face,  their  bases  being  directed 
forward  and  lateralward,  and  their  apices  backward  and  medialward,  so  that  their 
long  axes,  if  continued  backward,  would  meet  over  the  body  of  the  sphenoid. 
Each  presents  for  examination  a  roof,  a  floor,  a  medial  and  a  lateral  wall,  a  base, 
and  an  apex. 

The  roof  is  concave,  directed  downward,  and  slightly  forward,  and  formed  in 
front  by  the  orbital  plate  of  the  frontal;  behind  by  the  small  wing  of  the  sphenoid. 
It  presents  iiudially  the  trochlear  fovea  for  the  attachment  of  the  cartilaginous 
pulley  of  the  Obliquus  oculi  superior;  laterally ,  the  lacrimal  fossa  for  the  lacrimal 
gland;  and  posteriorly j  the  suture  between  the  frontal  bone  and  the  small  wing 
of  the  sphenoid. 

The  floor  is  directed  upward  and  lateralward,  and  is  of  less  extent  than  the 
roof;  it  is  formed  chiefly  by  the  orbital  surface  of  the  maxilla;  in  front  and  laterally, 
by  the  orbital  process  of  the  zygomatic  bone,  and  behind  and  medially,  to  a  small 
extent,  by  the  orbital  process  of  the  palatine.    At  its  medial  angle  is  the  upper 
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opeoiDg  of  the  nasolacrimal  canal,  immediatel\'  to  the  lateral  sirle  of  which  is  a 
depression  for  the  origin  of  the  Obliquus  oculi  'oferior.  On  its  lateral  part  is  the 
suture  between  the  maxilla  and  zygomatic  bone,  and  at  its  posterior  part  that 
between  the  maxilla  and  the  orbital  process  of  the  palatine.  Running  forward 
near  the  middle  of  the  floor  is  the  infrurbitsl  groove,  ending  in  front  in  the  infra- 
orbital canal  and  transmitting  the  infraorbital  nerve  and  \essels. 

The  medial  wall  (Fig.  3:15)  is  nearlj-  vertical,  and  is  formed  from  before  back- 
ward by  the  frontal  process  of  the  maxilla,  the  lacrimal,  the  lamina  papjracea 
of  the  ethmoid,  and  a  small  part  of  the  bodj'  of  the  sphenoid  in  front  of  the  optic  " 
foramen.  Sometimes  the  sphenoidal  concha  forms  a  ^mall  part  of  this  wall  (see 
page  250).  It  exhibits  three  vertical  sutures,  viz.,  the  lacrimomaxillary,  lacrimo- 
ethmoidal,  and  sphenoethmoidal.  In  front  is  seen  the  lacrimal  groove,  which  lodges 
the  lacrimal  sac,  and  behind  the  groove  is  the  posterior  lacrimal  crest,  from  which 
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the  lacrimal  part  of  the  Orbicularis  oculi  arises.  At  the  junction  of  the  medial 
wall  and  the  roof  are  the  frontomaxillary,  frontolacrimal,  frontoethmoidal,  and 
sphenofrontal  sutures.  The  point  of  junction  of  the  anterior  border  of  the  lacrimal 
with  the  frontal  is  named  the  dacryon.  In  the  frontoethmoidal  suture  are  the 
utteiior  and  posterior  ethmoidal  loramina,  the  former  transmitting  the  nasociliary 
nerve  and  anterior  ethmoidal  vessels,  the  latter  the  posterior  ethmoidal  nerve  and 
vessels. 

The  lateral  wall,  directed  medialward  and  forward,  is  formed  by  the  orbital 
process  of  the  zygomatic  and  the  orbital  surface  of  the  great  wing  of  the  sphenoid; 
these  are  united  by  the  sphenozjgomatic  suture  which  terminates  below  at  the 
front  end  of  the  inferior  orbital  fissure.  On  the  orbital  process  of  the  zygomatic 
l>one  are  the  orbital  tubercle  (Whitnall)  and  tlie  orifices  of  one  or  two  canals  which 
transmit  the  branches  of  the  zygomatic  ner\e.    Between  the  roof  and  the  lateral 
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wall,  near  the  apex  of  the  orbit,  is  the  superior  orbital  fissure.  Through  this  fissure 
the  oculomotor,  the  trochlear,  th^  ophthalmic  division  of  the  trigeminal,  and  the 
abducent  nerves  enter  the  orbital  cavity,  also  some  filaments  from  the  cavernous 
plexus  of  the  sympathetic  and  the  orbital  branches  of  the  middle  meningeal  artery. 
Passing  backward  through  the  fissure  are  the  ophthalmic  vein  and  the  recurrent 
branch  from  the  lacrimal  artery  to  the  dura  mater.  The  lateral  wall  and  the  floor 
are  separated  posteriorly  by  the  inferior  orbital  fissure  which  transmits  the  maxillary 
nerve  and  its  zygomatic  branch,  the  infraorbital  vessels,  and  the  ascending  branches 
from  the  sphenopalatine  ganglion. 

The  base  of  the  orbit,  quadrilateral  in  shape,  is  formed  above  by  the  supra- 
orbital arch  of  the  frontal  bone,  in  which  is  the  supraorbital  notch  or  foramen  for 
the  passage  of  the  supraorbital  vessels  and  nerve;  below  by  the  zygomatic  bone  and 
maxilla,  united  by  the  zygomaticomaxillary  suture;  laterally  by  the  zygomatic 
bone  and  the  zygomatic  process  of  the  frontal  joined  by  the  zygomaticofrontal 
suture;  medially  by  the  frontal  bone  and  the  frontal  process  of  the  maxilla  united 
by  the  frontomaxillary  suture. 

The  apex,  situated  at  the  back  of  the  orbit,  corresponds  to  the  optic  foramen^ 
a  short,  cylindrical  canal,  which  transmits  the  optic  nerve  and  ophthalmic  arter\ . 

It  will  thus  be  seen  that  there  are  nine  openings  communicating  with  each 
orbit,  viz.,  the  optic  foramen,  superior  and  inferior  orbital  fissures,  supraorbital 
foramen,  infraorbital  canal,  anterior  and  posterior  ethmoidal  foramina,  zygomatic 
foramen,  and  the  canal  for  the  nasolacrimal  duct. 


THE  INTERIOR  OF  THE   SKULL. 

In  order  to  study  the  interior  of  the  skull  the  skull-cap  should  be  removed  by 
a  saw-cut  carried  around  the  cranium  about  the  level  of  the  frontal  eminences 
and  the  upper  limits  of  the  squamosal  sutures,  cutting  the  occipital  bone  about 
2.5  cm.  above  the  external  protuberance. 

Inner  Surface  of  the  SkuU-cap. — ^The  inner  surface  of  the  skull-cap  is  concave 
and  presents  depressions  for  the  convolutions  of  the  cerebrum,  together  with 
numerous  furrows  for  the  lodgement  of  branches  of  the  meningeal  vessels.  Along 
the  middle  line  is  a  longitudinal  groove,  narrow  in  front,  where  it  commences  at 
the  frontal  crest,  but  broader  behind;  it  lodges  the  superior  sagittal  sinus,  and  its 
margins  aflFord  attachment  to  the  falx  cerebri.  On  either  side  of  it  are  several 
depressions  for  the  arachnoid  granulations,  and  at  its  back  part,  the  openings  of 
the  parietal  foramina  when  these  are  present.  It  is  crossed,  in  front,  by  the  coronal 
suture,  and  behind  by  the  lambdpidal,  while  the  sagittal  lies  in  the  medial  plane 
between  the  parietal  bones. 

Upper  Surface  of  the  Base  of  the  Skull  (Fig.  336).— The  upper  surface  of  the 
base  of  the  skull  or  floor  of  the  cranial  cavity  presents  three  fossae,  called  the  anterior, 
middle,  and  posterior  cranial  fosssB. 

Anterior  Fossa  (fossa  cranii  anterior), — The  floor  of  the  anterior  fossa  is  formed 
by  the  orbital  plates  of  the  frontal,  the  cribriform  plate  of  the  ethmoid,  and  the 
small  wings  and  front  part  of  the  body  of  the  sphenoid;  it  is  limited  behind  by  the 
posterior  borders  of  the  small  wings  of  the  sphenoid  and  by  the  anterior  margin 
of  the  chiasmatic  groove.  It  is  traversed  by  the  frontoethmoidal,  sphenoethmoidal, 
and  sphenofrontal  sutures.  Its  lateral  portions  roof  in  the  orbital  cavities  and  sup- 
port the  frontal  lobes  of  the  cerebrum;  they  are  convex  and  marked  by  depressions 
for  the  brain  convolutions,  and  grooves  for  branches  of  the  meningeal  vessels. 

'  Some  anatomists  describe  the  apex  of  the  orbit  as  correspondinK  with  the  medial  end  of  the  superior  orbital  fiasure. 
It  seems  better^  however,  to  adopt  the  statement  in  the  text,  since  the  ocular  muscles  take  orism  around  the  optic 
foramen,  and  diverge  from  it  to  the  bulb  of  the  eye. 
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The  central  portion  corresponds  with  the  roof  of  the  nasal  cavity,  and  is  markedly 
depressed  on  either  side  of  the  crista  galli.    It  presents,  in  and  near  the  median 
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Fio.  336.— Ba»  ol  tha  akull.     Upper  suriue. 

line,  from  before  backward,  the  commencement  of  the  frontal  crest  for  the  attach- 
ment of  the  falx  cerebri;  the  foramen  cecum,  between  the  frontal  bone  and  the  crista 
galli  of  the  ethmoid,  which  usually  transmits  a  small  vein  from  the  nasal  cavity 
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to  the  superior  sagittal  sinus;  behind  the  foramen  cecum,  the  crista  galli,  the 
free  margin  of  which  affords  attachment  to  the  f alx  cerebri ;  on  either  side  of  the 
crista  galli,  the  olfactory  grooye  formed  by  the  cribriform  plate,  which  supports 
the  olfactory  bulb  and  presents  foramina  for  the  transmission  of  the  olfactory 
nerves,  and  in  front  a  slit-like  opening  for  the  nasociliary  nerve.  Lateral  to  either 
olfactory  groove  are  the  internal  openings  of  the  anterior  and  posterior  ethmoidal 
foramina;  the  anterior,  situated  about  the  middle  of  the  lateral  margin  of  the  olfac- 
tory groove,  transmits  the  anterior  ethmoidal  vessels  and  the  nasociliary  nerve;  the 
nerve  runs  in  a  groove  along  the  lateral  edge  of  the  cribriform  plate  to  the  slit-like 
opening  above  mentioned;  the  posterior  ethmoidal  foramen  opens  at  the  back  part 
of  this  margin  under  cover  of  the  projecting  lamina  of  the  sphenoid,  and  transmits 
the  posterior  ethmoidal  vessels  and  nerve.  Farther  back  in  the  middle  line  is  the 
ethmoidal  spine,  bounded  behind  by  a  slight  elevation  separating  two  shallow  lon- 
gitudinal grooves  which  support  the  olfactory  lobes.  Behind  this  is  the  anterior 
margin  of  the  chiasmatic  groove,  running  lateralward  on  either  side  to  the  upper 
margin  of  the  optic  foramen. 

The  Middle  Fossa  {fossa  cranii  media), — ^The  middle  fossa,  deeper  than  the  pre- 
ceding, is  narrow  in  the  middle,  and  wide  at  the  sides  of  the  skull.  It  is  bounded 
in  front  by  the  posterior  margins  of  the  small  wings  of  the  sphenoid,  the  anterior 
clinoid  processes,  and  the  ridge  forming  the  anterior  margin  of  the  chiasmatic 
groove;  behind,  by  the  superior  angles  of  the  petrous  portions  of  the  temporals 
and  the  dorsum  sellae;  laterally  by  the  temporal  squamae,  sphenoidal  angles  of  the 
parietals,  and  great  wings  of  the  sphenoid.  It  is  traversed  by  the  squamosal, 
sphenoparietal,  sphenosquamosal,  and  sphenopetrosal  sutures. 

The  middle  part  of  the  fossa  presents,  in  front,  the  chiasmatic  irrooye  and  tuber- 
culum  sellae;  the  chiasmatic  groove  ends  on  either  side  at  the  optic  foramen,  which 
transmits  the  optic  nerve  and  ophthalmic  artery  to  the  orbital  cavity.  Behind 
the  optic  foramen  the  anterior  clinoid  process  is  directed  backward  and  medialward 
and  gives  attachment  to  the  tentorium  cerebelli.  Behind  the  tuberculum  sellae 
is  a  deep  depression,  the  sella  turcica,  containing  the  fossa  hypophyseos,  which  lodges 
the  hypophysis,  and  presents  on  its  anterior  wall  the  middle  clinoid  processes. 
The  sella  turcica  is  bounded  posteriorly  by  a  quadrilateral  plate  of  bone,  the  dorsum 
sellae,  the  upper  angles  of  which  are  surmounted  by  the  posterior  clinoid  processes: 
these  afford  attachment  to  the  tentorium  cerebelli,  and  below  each  is  a  notch  for 
the  abducent  nerve.  On  either  side  of  the  sella  turcica  is  the  carotid  grooye,  which 
is  broad,  shallow,  and  curved  somewhat  like  the  italic  letter  /.  It  begins  behind 
at  the  foramen  lacerum,  and  ends  on  the  medial  side  of  the  anterior  clinoid  process, 
where  it  is  sometimes  converted  into  a  foramen  (carotico^linoid)  by  the  union  of 
the  anterior  with  the  middle  clinoid  process;  posteriorly,  it  is  bounded  laterally 
by  the  lingula.  This  groove  lodges  the  cavernous  sinus  and  the  internal  carotid 
artery,  the  latter  being  surrounded  by  a  plexus  of  sympathetic  nerves. 

The  lateral  parts  of  the  middle  fossa  are  of  considerable  depth,  and  support 
the  temporal  lobes  of  the  brain.  They  are  marked  by  depressions  for  the  brain 
convolutions  and  traversed  by  furrows  for  the  anterior  and  posterior  branches 
of  the  middle  meningeal  vessels.  These  furrows  begin  near  the  foramen  spinosum, 
and  the  anterior  runs  forward  and  upward  to  the  sphenoidal  angle  of  the  parietal, 
where  it  is  sometimes  converted  into  a  bony  canal;  the  posterior  runs  lateralward 
and  backward  across  the  temporal  squama  and  passes  on  to  the  parietal  near 
the  middle  of  its  lower  border.  The  following  apertures  are  also  to  be  seen.  In 
front  is  the  superior  orbital  fissure,  bounded  above  by  the  small  wing,  below,  by  the 
great  wing,  and  medially,  by  the  body  of  the  sphenoid;  it  is  usually  completed 
laterally  by  the  orbital  plate  of  the  frontal  bone.  It  transmits  to  the  orbital 
cavity  the  oculomotor,  the  trochlear,  the  ophthalmic  division  of  the  trigeminal, 
and  the  abducent  nerves,    some  filaments  from   the  cavernous  plexus  of  the 
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sympathetic,  and  the  orbital  branch  of  the  middle  meningeal  artery;  and  from  the 
orbital  cavity  a  recurrent  branch  from  the  lacrimal  artery  to  the  dura  mater,  and 
the  ophthalmic  veins.  Behind  the  medial  end  of  the  superior  orbital  fissure  is 
the  foramen  rotondnm,  for  the  passage  of  the  maxillary  nerve.  Behind  and  lateral 
to  the  foramen  rotundum  is  the  foramen  ovale,  which  transmits  the  mandibular 
nerve,  the  accessory  meningeal  artery,  and  the  lesser  superficial  petrosal  nerve.^ 
Medial  to  the  foramen  ovale  is  the  foramen  Vesalii,  which  varies  in  size  in  different 
individuals,  and  is  often  absent;  when  present,  it  opens  beldw  at  the  lateral  side 
of  the  scaphoid  fossa,  and  transmits  a  small  vein.  Lateral  to  the  foramen  ovale 
is  the  foramen  spinosum,  for  the  passage  of  the  middle  meningeal  vessels,  and  a 
recurrent  branch  from  the  mandibular  nerve.  Medial  to  the  foramen  ovale  is 
the  foramen  lacemm;  in  the  recent  state  the  lower  part  of  this  aperture  is  filled  up 
by  a  layer  of  fibrocartilage,  while  its  upper  and  inner  parts  transmit  the  internal 
carotid  artery  surrounded  by  a  plexus  of  sympathetic  nerves.  The  nerve  of  the 
pterygoid  canal  and  a  meningeal  branch  from  the  ascending  pharyngeal  artery 
pierce  the  layer  of  fibrocartilage.  On  the  anterior  surface  of  the  petrous  portion 
of  the  temporal  bone  are  seen  the  eminence  caused  by  the  projection  of  the  superior 
semicircular  canal;  in  front  of  and  a  little  lateral  to  this  a  depression  corresponding 
to  the  roof  of  the  tympanic  cavity;  the  groove  leading  to  the  hiatus  of  the  facial 
canal,  for  the  transmission  of  the  greater  superficial  petrosal  nerve  and  the  petrosal 
branch  of  the  middle  meningeal  artery;  beneath  it,  the  smaller  groove,  for  the  pas- 
sage of  the  lesser  superficial  petrosal  nerve;  and,  near  the  apex  of  the  bone,  the 
depression  for  the  semilunar  ganglion  and  the  orifice  of  the  carotid  canal. 

The  Posterior  Fossa  (fossa  cranii  posterior), — ^The  posterior  fossa  is  the  largest 
and  deepest  of  the  three.  It  is  formed  by  the  dorsum  sellae  and  clivus  of  the 
sphenoid,  the  occipital,  the  petrous  and  mastoid  portions  of  the  temporals,  and  the 
mastoid  angles  of  the  parietal  bones;  it  is  crossed  by  the  occipitomastoid  and  the 
parietomastoid  sutures,  and  lodges  the  cerebellum,  pons,  and  medulla  oblongata. 
It  is  separated  from  the  middle  fossa  in  and  near  the  median  line  by  the  dorsum 
sellae  of  the  sphenoid  and  on  either  side  by  the  superior  angle  of  the  petrous  por- 
tion of  the  temporal  bone.  This  angle  gives  attachment  to  the  tentorum  cerebelli, 
is  grooved  for  the  superior  petrosal  sinus,  and  presents  at  its  medial  end  a  notch 
upon  which  the  trigeminal  nerve  rests.  The  fossa  is  limited  behind  by  the  grooves 
for  the  transverse  sinuses.  In  its  centre  is  the  foramen  magnum,  on  either  side  of 
which  is  a  rough  tubercle  for  the  attachment  of  the  alar  ligaments;  a  little  above 
this  tubercle  is  the  canal,  which  transmits  the  hypoglossal  nerve  and  a  meningeal 
branch  from  the  ascending  pharyngeal  artery.  In  front  of  the  foramen  magnum 
the  basilar  portion  of  the  occipital  and  the  posterior  part  of  the  body  of  the  sphenoid 
form  a  grooved  surface  which  supports  the  medulla  oblongata  and  pons;  in  the 
young  skull  these  bones  are  joined  by  a  synchondrosis.  This  grooved  surface  is 
separated  on  either  side  from  the  petrous  portion  of  the  temporal  by  the  petro- 
occipital  fissure,  which  is  occupied  in  the  recent  state  by  a  plate  of  cartilage;  the 
fissure  is  continuous  behind  with  the  jugular  foramen,  and  its  margins  are  grooved 
for  the  inferior  petrosal  sinus.  The  jugular  foramen  is  situated  between  the  lateral 
part  of  the  occipital  and  the  petrous  part  of  the  temporal.  The  anterior  portion 
of  this  foramen  transmits  the  inferior  petrosal  sinus;  the  posterior  portion,  the 
transverse  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharj^ngeal  arteries;  and  the  intermediate  portion,  the  glossopharyngeal,  vagus, 
and  accessory  nerves.  Above  the  jugular  foramen  is  the  internal  acoustic  meatus, 
for  the  facial  and  acoustic  nerves  and  internal  auditory  artery;  behind  and  lateral 
to  this  is  the  slit-like  opening  leading  into  the  aquaeductus  vestibuli,  which  lodges 
the  duc'tus  endolymphaticus;  while  between  these,  and  near  the  superior  angle  of 

^  See  footnote,  page  248. 
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the  petrous  portion,  is  a  small  triangular  depression,  the  remains  of  the  fossa  sub- 
arcuata,  which  lodges  a  process  of  the  dura  mater  and  occasionally  transmits  a  small 
vein.  Behind  the  foramen  magnum  are  the  inferior  occipital  fossn,  which  support 
the  hemispheres  of  the  cerebellum,  separated  from  one  another  by  the  internal 
ocelpital  crest,  which  serves  for  the  attachment  of  the  falx  cerebelli,  and  lodges 
the  occipital  sinus.  The  posterior  fosste  are  sunnounted  by  the  deep  grooves  for 
the  transverse  siinises.  Each  of  these  channels,  in  its  passage  to  the  jugular  foramen, 
grooves  the  occipitalj  the  mastoid  angle  of  the  parietal,  the  mastoid  portion  of  the 
temporal,  and  the  jugular  process  of  the  occipital,  and  ends  at  the  back  part  of 
the  jugular  foramen.  Where  this  sinus  grooves  the  mastoid  portion  of  the  temporal, 
the  orifice  of  the  mastoid  foramen  may  be  seen;  and,  just  previous  to  its  termina- 
tion, the  c<mdyloid  canal  opens  into  it;  neither  opening  is  constant. 


CrMl  of  * 
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The  Nasal  Cavi^  {catvm  nasi;  nasal  fossa)  .—The  nasal  cavities  are  two  irregular 
spaces,  situated  one  on  either  side  of  the  middle  line  of  the  face,  extending  from  the 
base  of  the  cranium  to  the  roof  of  the  mouth,  and  separated  from  each  other  by  a 
thin  vertical  septum.  They  open  on  the  face  through  the  pear-shaped  anterior  nasal 
aperture,  and  their  posterior  openings  or  choaue  communicate,  in  the  recent 
state,  with  the  nasal  part  of  the  pharjnx.  They  are  much  narrower  above  than 
below,  and  in  the  middle  than  at  their  anterior  or  posterior  openings;  theff  depth, 
which  is  considerable,  is  greatest  in  the  middle.  They  communicate  with  the 
frontal,  ethmoidal,  sphenoidal,  and  maxillary  sinuses.  Each  cavity  is  bounded 
by  a  roof,  a  floor,  a  medial  and  a  lateral  wall. 

The  roof  (Figs.  337,  338)  is  horizontal  in  its  central  part,  but  slopes  down- 
ward in  front  and  behind ;  it  is  formed  in  front  by  the  nasal  bone  and  the  spine 
of  the  frontal;  in  the  middle,  by  the  cribriform  plate  of  the  ethmoid;  and  behind, 
by  the  body  of  the  sphenoid,  the  sphenoidal  concha,  the  ala  of  the  vomer  and  the 
sphenoidal  process  of  the  palatine  bone.     In  the  cribriform  plate  of  the  ethmoid 
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are  the  foramiDa  for  the  olfactorj-  nerves,  and  on  the  posterior  part  of  the  roof 
is  the  opening  into  the  sphenoidal  sinus. 

The  floor  is  flattened  from  before  backward  and  concave  from  side  to  side. 
It  is  formed  by  the  palatine  process  of  the  maxilla  and  the  horizontal  part  of 
the  palatine  bone;  near  its  anterior  end  is  the  opening  of  the  incisive  canal. 

The  medUl  wall  (septum  itasi)  (Fig.  337),  is  frequently  deflected  to  one  or  other 

side,  more  often  to  the  left  than  to  the  right.    It  is  formed,  in  front,  by  the  crest 

of  the  nasal  bones  and  frontal  spine;  in  the  middle,  by  the  peipendicular  plate 

of  the  ethmoid;  behind,  by  the  vomer  and  the  rostrum  of  the  sphenoid;  below, 

by  the  crest  of  the  maxillee  and  palatine  bones.     It  presents,  in  front,  a  large, 

triangular  notch,  which  receives  the  cartilage  of  the  septum;  and  behind,  the 

free  edge  of  the  vomer.     Its  surface  is  marked  by  numerous  furrows  for  vessels 

and  nerves  and  by  the  grooves  for  the  nasopalatine  nerve,  and  is  traversed  by 

sutures  connecting  the  bones  of  which  it  is  formed. 
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Fia.  338.— Roof.  Soar,  and  lauraJ  wall  of  left  Dual  »TiCy. 

The  lateral  vail  (Fig.  338)  is  formed,  in  front,  by  the  frontal  process  of  the 
maxilla  and  by  the  lacrimal  bone;  in  the  middle,  by  the  ethmoid,  maxilla,  and 
inferior  nasal  concha;  behind,  by  the  vertical  plate  of  the  palatine  bone,  and  the 
medial  pterygoid  plate  of  the  sphenoid.  On  this  wall  are  three  irregular  antero- 
posterior passages,  termed  the  superior,  middle,  and  inferior  meatuses  of  the  nose. 
The  snpeiior  meatus,  the  smallest  of  the  three,  occupies  the  middle  third  of  the 
lateral  wall.  It  lies  between  the  superior  and  middle  nasal  conchse;  the  spheno- 
paUtiiie  foramen  opens  into  it  behind,  and  the  posterior  ethmoidal  cells  in  front. 
The  sphenoidal  sinus  opens  into  a  recess,  the  sphenoetlunoidal  recess,  which  is  placed 
above  and  behind  the  superior  concha.  The  middle  meatus  is  situated  between  the 
middle  and  inferior  conchre,  and  extends  from  the  anterior  to  the  posterior  end  of 
the  latter.  The  lateral  wall  of  this  meatus  can  be  satisfactorily  studied  only  after 
the  removal  of  the  middle  concha.    On  it  is  a  cursed  fissure,  the  hiatus  semilunaris, 
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limited  below  by  the  edge  of  the  uncinate  process  of  the  ethmoid  and  above  by 
an  elevation  named  the  bulla  etiimoidalis;  the  middle  ethmoidal  cells  are  contained 
within  this  bulla  and  open  on  or  near  to  it.  Through  the  hiatus  semilunaris 
the  meatus  conmiunicates  with  a  curved  passage  termed  the  infandibulum,  which 
communicates  in  front  with  the  anterior  ethmoidal  cells  and  in  rather  more  than 
fifty  per  cent,  of  skulls  is  continued  upward  as  the  frontonasal  duct  into  the  frontal 
air-sinus;  when  this  continuity  fails,  the  frontonasal  duct  opens  directly  into  the 
anterior  part  of  the  meatus.  Below  the  bulla  ethmoidalis  and  hidden  by  the  unci- 
nate process  of  the  ethmoid  is  the  opening  of  the  maxillary  sinus  (ostium  maxillare) ; 
an  accessory  opening  is  frequently  present  above  the  posterior  part  of  the  inferior 
nasal  concha.  The  inferior  meatus,  the  largest  of  the  three,  is  the  space  between 
the  inferior  concha  and  the  floor  of  the  nasal  cavity.  It  extends  almost  the  entire 
length  of  the  lateral  wall  of  the  nose,  is  broader  in  front  than  behind,  and  presents 
anteriorly  the  lower  orifice  of  the  nasolacrimal  canal. 

The  Anterior  Nasal  Aperture  (Fig.  334)  is  a  heart-shaped  or  pyriform  opening, 
whose  long  axis  is  vertical,  and  narrow  end  upward;  in  the  recent  state  it  is  much 
contracted  by  the  lateral  and  alar  cartilages  of  the  nose.  It  is  bounded  ahove  by 
the  inferior  borders  of  the  nasal  bones;  laterally  by  the  thin,  sharp  margins  which 
separate  the  anterior  from  the  nasal  surfaces  of  the  maxillae;  and  below  by  the  same 
borders,  where  they  curve  medialward  to  join  each  other  at  the  anterior  nasal 
spine. 

The  choansB  are  each  bounded  above  by  the  under  surface  of  the  body  of  the 
sphenoid  and  ala  of  the  vomer;  below,  by  the  posterior  border  of  the  horizontal 
part  of  the  palatine  bone;  laterally,  by  the  medial  pterygoid  plate;  they  are 
separated  from  each  other  by  the  posterior  border  of  the  vomer. 

DIFFERENCES  IN  THE  SKULL  DUE  TO  AGE. 

At  birth  the  skull  is  large  in  proportion  to  the  other  parts  of  the  skeleton,  but  its  facial  portion 
is  small,  and  equals  only  about  one-eighth  of  the  bulk  of  the  cranium  as  compared  with  one-half 
in  the  adult.  The  frontal  and  parietal  eminences  are  prominent,  and  the  greatest  width  of  the 
skull  is  at  the  level  of  the  latter;  on  the  other  hand,  the  glabella,  superciliary  arches,  and  mastoid 
processes  are  not  developed.  Ossification  of  the  skull  bones  is  not  completed,  and  many  of  them, 
e.  g.f  the  occipital,  temporals,  sphenoid,  frontal,  and  mandible,  consist  of  more  than  one  piece. 
Unossified  membranous  intervals,  termed  forUaneUeSf  are  seen  at  the  angles  of  the  parietal  bones; 
these  fontanelles  are  six  in  number:  two,  an  anterior  and  a  posterior,  axe  situated  in  the  middle 
line,  and  two,  an  antero-lateral  and  a  postero-lateral,  on  either  side. 


Fio.  339. — Skull  at  birth  showing  anterior  and  Fio.  340. — The  lateral  fontanelles. 

posterior  fontanelles. 

The  anterior  or  hregmatic  fontaneUe  (Fig.  339)  is  the  largest,  and  is  placed  at  the  junction  of 
the  sagittal,  coronal,  and  frontal  sutures;  it  is  lozenge-shaped,  and  measures  about  4  cm.  in  its 
antero-posterior  and  2.5  cm.  in  its  transverse  diameter.    The  posterior  fonianelle  is  triangular 
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in  form  and  is  situated  at  the  junction  of  the  sagittal  and  lambdoidal  sutures.  The  lateral  fonta- 
neUe^  (Fig.  340)  are  small,  irregular  in  shape,  and  corr^pond  respectively  with  the  sphenoidal 
and  mastoid  angles  of  the  parietal  bones.  An  additional  fontanelle  is  sometimes  seen  in  the 
sagittal  suture  at  the  region  of  the  obelion.  The  fontanelles  are  usually  closed  by  the  growth 
and  extension  of  the  bones  which  surround  them,  but  sometimes  they  are  the  sites  of  separate 
oesific  centres  which  develop  into  sutural  bones.  The  posterior  and  lateral  fontanelles  are  obliter- 
ated within  a  month  or  two  after  birth,  but  the  anterior  is  not  completely  closed  until  about  the 
middle  of  the  second  year. 

The  smallness  of  the  face  at  birth  is  mainly  accounted  for  by  the  rudimentary  condition  of 
the  maxillffi  and  mandible,  the  non-eruption  of  the  teeth,  and  the  small  size  of  the  maxillary  air 
sinuses  and  nasal  cavities.  At  birth  the  nasal  cavities  lie  almost  entirely  between  the  orbits,  and 
the  lower  border  of  the  anterior  nasal  aperture  is  only  a  little  below  the  level  of  the  orbital  floor. 
With  the  eruption  of  the  deciduous  teeth  there  is  an  enlargement  of  the  face  and  jaw^s,  and  these 
changes  are  still  more  marked  after  the  second  dentition. 

The  skull  grows  rapidly  from  birth  to  the  seventh  year,  by  which  time  the  foramen  magnum 
and  petrous  parts  of  the  temporals  have  reached  their  full  size  and  the  orbital  cavities  are  only 
a  little  smaller  than  those  of  the  adult.  Growth  is  slow  from  the  seventh  year  until  the  approach 
of  puberty,  when  a  second  period  of  activity  occurs:  this  results  in  an  increase  in  all  directions, 
but  it  is  esi>ecially  marked  in  the  frontal  and  facial  regions,  where  it  is  associated  with  the  develop- 
ment of  the  air  sinuses. 

Obliteration  of  the  sutures  of  the  vault  of  the  skull  takes  place  as  age  advances.  This  process 
may  commence  between  the  ages  of  thirty  and  forty,  and  is  first  seen  on  the  inner  surface,  and 
some  ten  years  later  on  the  outer  surface  of  the  skull.  The  dates  given  are,  however,  only  approxi- 
mate, as  it  is  impossible  to  state  with  anything  like  accuracy  the  time  at  which  the  sutures  are 
closed.  Obliteration  usually  occurs  first  in  the  posterior  part  of  the  sagittal  suture,  next  in  the 
coronal,  and  then  in  the  lambdoidal. 

In  old  age  the  skull  generally  becomes  thinner  and  lighter,  but  in  a  small  proportion  of  cases 
it  increases  in  thickness  and  weight,  owing  to  an  h3rpertrophy  of  the  inner  table.  The  most  strik- 
ing feature  of  the  old  skull  is  the  diminution  in  the  size  of  the  maxillae  and  mandible  consequent 
on  the  loss  of  the  teeth  and  the  absorption  of  the  alveolar  processes.  This  is  associated  with  a 
marked  reduction  in  the  vertical  measurement  of  the  face  and  with  an  alteration  in  the  angles 
of  the  mandible. 

SEXUAL  DIFFERENCES   IN   THE  SKULL. 

Until  the  age  of  puberty  there  is  little  difference  between  the  skull  of  the  female  and  that  of 
the  male.  The  skull  of  an  adult  female  is,  as  a  rule,  lighter  and  smaller,  and  its  cranial  capacity 
about  10  per  cent,  less,  than  that  of  the  male.  Its  walls  are  thinner  and  its  muscular  ridges  less 
strongly  marked;  the  glabella,  superciliary  arches,  and  mastoid  processes  are  less  prominent, 
and  the  corresponding  air  sinuses  are  small  or  rudimentary.  The  upper  margin  of  the  orbit  is 
sharp,  the  forehead  vertical,  the  frontal  and  parietal  eminences  prominent,  and  the  vault  some- 
what flattened.  The  contour  of  the  face  is  more  rounded,  the  facial  bones  are  smoother,  said  the 
maxilljft  and  mandible  and  their  contained  teeth  smaller.  From  what  has  been  said  it  will  be  seen 
that  more  of  the  infantile  characteristics  are  retained  in  the  skull  of  the  adult  female  than  in  that 
of  the  adult  male.  A  well-marked  male  or  female  skull  can  easily  be  recognized  as  such,  but  in 
some  cases  the  respective  characteristics  are  so  indistinct  that  the  determination  of  the  sex  may 
be  difficult  or  impossible. 

CRANIOLOGY. 

Skulls  vary  in  size  and  shape,  and  the  term  craniology  is  applied  to  the  study  of  these  varia- 
tions.   The  capacity  of  the  cranial  cavity  constitutes  a  good  index  of  the  size  of  the  brain  which 
it  contained,  and  is  most  conveniently  arrived  at  by  filling  the  cavity  with  shot  and  measuring 
the  contents  in  a  graduated  vessel.     Skulls  may  be  classified  according  to  their  capacities  as 
"follows: 

1.  MicrocepkaliCy  with  a  capacity  of  less  than  1350  c.cm. — e.  g,,  those  of  native  Austrah'ans 
and  Andaman  Islanders. 

2.  AfesocephaliCy  with  a  capacity  of  from  1350  c.cm.  to  1450  c.cm. — e.  g.,  those  of  African 
negroes  and  Chinese. 

3  MegacephcdiCy  with  a  capacity  of  over  1450  c.cm. — e.  g.,  those  of  Europeans,  Japanese,  and 
Eskimos. 

In  comparing  the  shape  of  one  skull  with  that  of  another  it  is  necessary  to  adopt  some  definite 
position  in  which  the  skulls  should  be  placed  during  the  process  of  examination.  They  should 
be  so  placed  that  a  line  carried  through  the  lower  margin  of  the  orbit  and  upper  margin  of  the 
eJCt^maJ  acoustic  meatus  is  in  the  horizontal  plane.  The  normse  of  one  skull  can  then  be  com- 
pared with  those  of  another,  and  the  differences  in  contour  and  surface  form  noted.    Further, 
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it  is  neceBsary  that  the  various  linear  measurements  used  to  determine  the  shape  of  the  skull 
should  be  made  between  definite  and  easily  localized  points  on  its  surface.  The  principal  points 
may  be  divided  into  two  groups:    (1)  those  in  the  median  plane,  and  (2)  those  on  either  side  of  it. 

The  Points  in  the  Median  Plane  are  the: 

Menial  Point.    The  most  prominent  point  of  the  chin. 

Alveolar  Point  or  Prosthion.  The  central  point  of  the  anterior  margin  of  the  upper  alveolar 
arch. 

Sybnaaal  Point.  The  middle  of  the  lower  border  of  the  anterior  nasal  aperture,  at  the  base 
of  the  anterior  nasal  spine. 

Nation,    The  central  point  of  the  frontonasal  suture. 

Glabella.    The  point  in  the  middle  line  at  the  level  of  the  superciliary  arches. 

Ophryon.  The  point  in  the  middle  line  of  the  forehead  at  the  level  where  the  temporal  lines 
most  nearly  approach  each  other. 

Bregma.    The  meeting  point  of  the  coronal  and  sagittal  sutures. 

Obelion,    A  point  in  the  sagittal  suture  on  a  level  with  the  parietal  foramina. 

Lambda.    The  point  of  junction  of  the  sagittal  and  lambdoidal  sutures. 

Occipital  Point.   The  point  in  the  middle  line  of  the  occipital  bone  farthest  from  the  glabella. 

Inion.    The  external  occipital  protuberance. 

Opislkion.    The  mid-point  of  the  posterior  margin  of  the  foramen  magmmi. 

Basion.    The  mid-point  of  the  anterior  margin  of  the  foramen  magnum. 

The  Points  on  Either  Side  of  the  Median  Plane  are  the: 

Gonion.    The  outer  margin  of  the  angle  of  the  mandible. 

Dacryon.  The  point  of  union  of  the  anteroH9uperior  angle  of  the  lacrimal  with  the  frontal 
bone  and  the  frontal  process  of  the  maxilla. 

Stephanion.    The  point  where  the  temporal  line  intersects  the  coronal  suture. 

Pterion.  The  point  where  the  great  wing  of  the  sphenoid  joins  the  sphenoidal  angle  of  the 
parietal. 

Auricular  Point.    The  centre  of  the  orifice  of  the  external  acoustic  meatus. 

Asterion.    The  point  of  meeting  of  the  lambdoidal,  mastooccipital,  and  mastoparietal  sutures. 

The  horizontal  circumference  of  the  cranium  is  measured  in  a  plane  passing  through  the  glabella 
(Turner)  or  the  ophryon  (Flower)  in  front,  and  the  occipital  point  behind;  it  averages  about 
50  cm.  in  the  female  and  52.5  cm.  in  the  male.  < 

The  occipitofrontal  or  longitudin^al  arc  is  measured  from  the  nasion  over  the  middle  line  of  the 
vertex  to  the  opisthion:  while  the  hasinasal  length  is  the  distance  between  the  basion  and  the 
nasion.  These  two  measurements,  plus  the  antero-posterior  diameter  of  the  foramen  magnum, 
represent  the  vertical  circumference  of  the  craniimi. 

The  length  is  measured  from  the  glabella  to  the  occipital  point,  while  the  hreadih  or  greatest 

transverse  diameter  is  usually  found  near  the  external  acoustic  meatus.    The  proportion  of 

J  ^       ,        ,   (breadth  X  100)  .  ,    ,  ,  ,.        .  ,       .,       , , 

breadth  to  length  ,—    f     —  is  termed  the  cephalic  index  or  index  of  breadth. 

The  height  is  usually  measured  from  the  basion  to  the  bregma,  and  the  proportion  of  height 
to  length         ,        ,  -       constitutes  the  vertical  or  height  index. 

In  studying  the  face  the  principal  points  to  be  noticed  are  the  proportion  of  \\jr  length  and 
breadth,  the  shape  of  the  orbits  and  of  the  anterior  nasal  aperture,  and  the  degree  of  projection 
of  the  jaws. 

The  length  of  the  face  may  be  measured  from  the  ophryon  or  nasion  to  the  chin,  or,  if  the  mandible 
be  wanting,  to  the  alveolar  point;  while  its  width  is  represented  by  the  distance  between  the 
zygomatic  arches.  By  comparing  the  length  with  the  width  of  the  face,  skulls  may  be  divided 
into  two  groups;  dolichofacial  or  leptoproaope  (long  faced)  and  brachyfacial  or  chemoprosope  (short 
faced). 

The  orbital  index  signifies  the  proportion  which  the  orbital  height  bears  to  the  orbital  width, 
thus: 

orbital  height  X  100 

orbital  width 

The  nasal  index  expresses  the  proportion  which  the  width  of  the  anterior  nasal  aperture  bears 
to  the  height  of  the  nose,  the  latter  being  measured  from  the  nasion  to  the  lower  margin  of  the 
nasal  aperture,  thus: 

nasal  width  X  100 

nasal  height 

The  degree  of  projection  of  the  jaws  is  determined  by  the  gnathic  or  alveolar  index f  which  repre- 
sents the  proportion  between  the  basialveolar  and  basinasal  lengths,  thus: 

basialveolar  length  X  100 
basinasal  length 
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The  following  table,  modified  from  that  given  by  Duckworth,'  illustrates  how  these  different 
indices  may  be  utilized  in  the  classification  of  skulls: 


Index. 

1.  Cephalic 

2.  Orbital 


3.  Nasal 


4.  Gnathic 


Classification. 

Below  75 

Between  75  and  80 
Above  80 

Below  84 

Between  84  and  89 
Above  89 

Below  48 

Between  48  and  53 
Above  53 


Nomenclature. 


Examples. 


DolichocephaUc 

MesaticephaUc 

Brachycephalic 

Microseme 


Mesoseme 
'  Megaseme 


Leptorhine 
Mesorhine 
Platyrhine 


Below  98  I  Orthognathous 

Between  98  and  103      Mesognathous 
Above  103  •  Prognathous 


Kafiirs  and  Native  Australians. 
Europeans  and  Chinese. 
Mongolians  and  Andamans. 

Tasmanians  and  Native  Austra- 
lians. 
Europeans. 
i  Chinese  and  Polynesians. 

Europeans. 

i  Japanese  and  Chinese. 
,  Negroes  and  Native  Australians. 

Europeans. 

Chinese  and  Japanese. 

Native  Australians. 


Applied  Anatomy. — Occasionally  a  protrusion  of  the  brain  or  its  membranes  may  take  place 
through  one  of  the  sutures,  owing  to  non-closure.  When  the  protrusion  consists  of  membranes 
only,  and  is  filled  with  cerebrospinal  fluid,  it  is  called  a  meningocele;  when  it  consists  of  brain  as 
well  as  membranes,  it  is  termed  an  encephalocele.  These  malformations  are  usually  found  in  the 
middle  line,  and  most  frequently  at  the  back  of  the  head,  the  protrusion  taking  place  between 
the  centres  of  ossification  of  the  occipital  squama  (see  p.  231).  They  generally  occur  through  the 
upper  part  of  the  vertical  fissure,  which  is  the  last  to  close,  but  not  uncommonly  through 
the  lower  part,  when  the  foramen  magnum  may  be  incomplete.  More  rarely  these  protrusions 
are  met  with  in  other  situations,  as  in  the  sagittal,  lambdoidal,  and  other  sutures,  or  through 
abnormal  gaps  at  the  sides  or  base  of  the  skull. 

The  chief  function  of  the  skull  is  to  protect  the  brain,  and  therefore  those  portions  of  the  skull 
which  are  most  exposed  to  external  violence  are  thicker  than  those  which  are  shielded  from  injiuy 
by  overlying  muscles.  Thus,  the  skull-cap  is  thick  and  dense,  whereas  the  temporal  squamse, 
being  protected  by  the  temporales  muscles,  and  the  inferior  occipital  fossse,  being  shielded  by  the 
muscles  at  the  back  of  the  neck,  are  thin  and  fragUe.  Fracture  of  the  skull  is  further  prevented 
by  its  elasticity,  its  roimded  shape,  and  its  construction  of  a  number  of  secondary  elastic  arches, 
each  made  up  of  a  single  bone.  The  manner  in  which  vibrations  are  transmitted  through  the 
bones  of  the  skull  is  also  of  importance  as  regards  its  protective  mechanism,  at  all  events  as  far 
as  the  base  is  concerned.  In  the  vault,  the  bones  being  of  a  fairly  equal  thickness  and  density, 
vibrations  are  transmitted  in  a  uniform  manner  in  all  directions,  but  in  the  base,  owing  to  the 
varying  thickness  and  density  of  the  bones,  this  is  not  so;  and  therefore  in  this  situation  there 
are  special  buttresses  which  serve  to  carry  the  vibrations  in  certain  definite  directions.  At  the 
front  of  the  skull,  on  either  side,  is  the  ridge  which  separates  the  anterior  from  the  middle  fossa 
of  the  base;  and  behind,  the  ridge  or  buttress  which  separates  the  middle  from  the  posterior  fossa; 
and  if  any  violence  is  applied  to  the  vault,  the  vibrations  would  be  carried  along  these  buttresses 
to  the  sdla  turcica,  where  they  meet.  This  part  has  been  termed  the  ''centre  of  resistance,'' 
and  here  there  is  a  special  protective  mechanism  to  guard  the  brain.  The  subarachnoid  cavity 
at  the  base  of  the  brain  is  dilated,  and  the  cerebrospinal  fluid  which  fills  it  acts  as  a  water  cushion 
to  shield  the  brain  from  injury.  In  like  manner,  when  violence  is  applied  to  the  base  of  the  skull, 
as  in  falls  upon  the  feet,  the  vibrations  are  carried  backward  through  the  occipital  crest,  and 
forward  through  the  basilar  part  of  the  occipital  and  body  of  the  sphenoid  to  the  vault  of  the  skull. 

Fractures  of  the  skull  are  best  considered  as  affecting  either  the  vault  or  the  base.  Fractures 
of  the  vault  generally  involve  the  whole  thickness  of  the  bone;  but  sometimes  the  inner  table 
alone  is  fractured,  and  portions  of  it  driven  inward.  As  a  rule,  in  fractures  of  the  skull,  the  inner 
table  is  more  splintered  and  comminuted  than  the  outer,  and  this  is  due  to  several  causes.  It 
is  thinner  and  more  brittle;  the  force  of  the  violence  as  it  passes  inward  becomes  broken  up,  and 
is  more  diffused  by  the  time  it  reaches  the  inner  table;  the  bone  being  in  the  form  of  an  arch  bends 
as  a  whole  and  spreads  out,  and  thus  presses  the  particles  together  on  the  convex  surface  of  the 
arch,  i.  e,,  the  outer  table,  and  forces  them  asunder  on  the  concave  siu*face  or  inner  table;  and, 
kstiy,  there  is  nothing  firm  under  the  inner  table  to  support  it  and  oppose  the  force.  Fractures 
oi  the  vault  may  be  either  simple,  or  starred  and  comminuted,  and  the  fragments  may  be  de- 
pressed or  elevated.  Cases  of  fracture  with  elevation  of  the  fractured  portion  are  uncommon, 
aod  can  only  be  produced  by  direct  wound.    In  comminuted  fracture,  a  portion  of  the  skull  is 

>  Morp^<^^<*lsy  And  Anthropology,  by  W.  L.  H.  Duckworth,  M.A.,  Cambridge  University  Press. 
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broken  into  several  pieces,  the  toes  of  fracture  radiating  from  a  centre  where  the  chief  impact 
of  the  blow  was  felt;  if  the  fracture  is  also  depressed,  a  fissure  circumscribes  the  radiating  lines, 
enclosing  a  portion  of  the  skull.  If  this  area  is  circular  it  is  termed  a  ''pond"  fracture,  and  has 
probably  been  caused  by  a  round  instrument,  as  a  life  preserver  or  hanuner;  if  elliptical  in  shape 
it  is  termed  a  '' gutter' '  fracture,  and  owes  its  shape  to  the  instrument  which  has  produced  it, 
as  a  poker.  Fracture  of  the  outer  table  alone  only  occurs  in  the  region  of  the  frontal  sinuses  where 
the  two  tables  are  completely  separated. 

Fractures  of  the  base  of  the  skull  may  be  produced  by  indirect  or  direct  violence.  I.  In  cajses 
of  the  former  class  the  violence  is  applied  to  the  vertex  or  some  part  of  the  cranial  convexity, 
as  when  a  person  falls  from  a  height  on  to  his  head  and  a  fracture  of  the  base  results.  The  mechan- 
ism of  this  form  of  fracture  was  formerly  explained  by  the  doctrine  of  conire-coup,  i.  e.,  that  the 
force  was  transmitted  from  one  side  of  the  skull  to  the  other;  but  this  view  is  no  longer  held, 
and  there  are  at  the  present  day  two  theories  as  to  the  mode  of  causation  of  these  fractures. 
(a)  According  to  Aran's  theory  of  irradiaiion  all  fractures  of  the  base  are  produced  by  a  fissure, 
which  starts  from  the  point  of  injury  and  radiates  to  the  base.  There  can  be  little  doubt  that 
many  cases  of  fracture  of  the  base,  especially  of  the  middle  fossae,  are  caused  in  this  way,  but  it 
is  insufficient  to  explain  all,  since  instances  have  been  met  with  of  fracture  of  the  base  of  the  skull 
in  which  there  has  been  no  fracture  of  the  vault.  (6)  To  explain  these  cases,  another  theory, 
known  as  the  compressian  or  bursting  theory,  has  been  suggested.  If  a  hollow,  elastic  sphere 
is  compressed  from  above  downward,  it  will  bulge  laterally,  and,  if  the  compression  is  sufficient, 
it  will  eventually  burst  in  the  situation  where  it  bulges.  Now,  the  skull  is  an  elastic  sphere,  and 
when  compression  is  applied  to  it,  its  diameter  will  be  reduced  along  the  line  of  greatest  pressure 
and  will  therefore  be  increased  in  other  directions,  and  may  increase  to  such  an  extent  that  burst- 
ing occurs.  In  a  hollow  elastic  sphere  of  uniform  thickness,  the  bulging  and  subsequent  bursting 
take  place  at  the  equatorial  hne  midway  between  the  two  points  of  compression;  but  the  skull 
is  not  of  uniform  thickness,  and  therefore  the  bulging  and  subsequent  bursting  take  place  at  the 
weakest  part. 

II.  Direct  violence  may  be  apptied  to  the  base  of  the  skull  in  several  different  ways:  by  the 
impact  of  the  vertebral  column  against  the  condyles  of  the  occipital  bone,  in  falls  on  the  buttocks 
or  feet;  by  the  condyle  of  the  mandible  being  driven  against  the  mandibular  fossa,  in  blows  or  falls 
on  the  chin;  by  the  thrusting  of  a  pointed  instrument  through  the  orbit  or  nose;  by  gunahot 
wounds  through  the  mouth;  and  by  a  fall  or  a  stab  on  the  back  of  the  head. 

In  the  majority  of  cases  the  fracture  is  compound.  The  most  common  place  for  fracture  of 
the  base  to  occur  is  through  the  middle  fossa,  and  here  the  fissure  usually  takes  a  fairly  definite 
course.  Starting  from  the  point  struck,  which  is  generally  somewhere  in  the  neighborhood  of 
the  parietal  eminence,  it  runs  downward  through  the  parietal  and  the  temporal  squama  and 
across  the  petrous  portion,  frequently  traversing  and  implicating  the  internal  acoustic  meatus, 
to  the  foramen  lacerum.  From  this  it  may  pass  across  the  body  of  the  sphenoid,  through  the 
sella  turcica,  to  the  foramen  lacerum  of  the  other  side,  and  may  indeed  travel  around  the  whole 
cranium,  so  as  to  completely  separate  the  anterior  from  the  posterior  part.  The  course  of  the 
fracture  explains  the  symptoms  to  which  fracture  in  this  region  may  give  rise:  thus,  if  the  fissure 
pass  across  the  internal  acoustic  meatus,  injiuy  to  the  facial  and  acoustic  nerves  may  result, 
with  consequent  facial  paralysis  and  deafness;  or  the  tubular  prolongation  of  the  arachnoid 
around  these  nerves  in  the  meatus  may  be  torn  and  thus  permit  of  the  escape  of  the  cerebro- 
spinal fluid  should  there  be  a  communication  between  the  internal  ear  and  the  tympanic  cavity 
together  with  rupture  of  the  tympanic  membrane,  as  is  frequently  the  case:  again,  if  the  fissure 
pass  across  the  sella  turcica  and  the  mucoperiosteum  covering  the  under  surface  of  the  body  of 
the  sphenoid  is  torn,  blood  will  find  its  way  into  the  phar3rDX  and  be  swallowed,  and  after  a  time 
vomiting  of  blood  will  result.  Fractures  of  the  anterior  fossa,  involving  the  bones  forming  the 
roof  of  the  orbit  and  nasal  cavity,  are  generally  the  result  of  blows  on  the  forehead;  but  fracture 
of  the  cribriform  plate  of  the  ethmoid  may  be  a  complication  of  fracture  of  the  nasal  bone.  When 
the  fracture  implicates  the  roof  of  the  orbit,  the  blood  finds  its  way  into  this  cavity,  and,  travelling 
forward,  appears  as  a  subconjunctival  ecchymosis.  If  the  roof  of  the  nasal  cavity  be  fractured, 
the  blood  escapes  from  the  nose.  In  rare  cases  there  may  be  also  escape  of  cerebrospinal  fluid 
from  the  nose,  should  the  dura  mater  and  arachnoid  have  been  torn.  In  fractures  of  the  posterior 
fossa,  extravasation  of  blood  may  appear  at  the  nape  of  the  neck,  beneath  the  muscles  attached 
to  the  superior  nuchal  line  of  the  occipital  bone. 

Diseases  of  the  Skvll, — An  inflanmiatory  condition  affecting  the  bones  and  the  pericranium 
together  is  generally  caused  by  septic  infection  either  of  a  scalp  wound  exposing  and  bruising 
the  bone,  or  of  a  compound  fracture,  and  is  termed  septic  osteomyelitis.  Occasionally  it  may 
occur  independently  of  injury,  and  then  follows  the  same  course,  and  is  due  to  the  same  causes 
as  acute  infective  osteomyeUtis  in  the  long  bones. 

The  most  common  chronic  disease  of  the  skull  is  due  to  syphilis.  In  acquired  syphilis  the 
disease  usually  occurs  as  nodes,  which  arise  most  commonly  in  the  pericraniimi,  but  may  also 
arise  in  the  diploe,  or  more  rarely  on  the  inner  surface  of  the  skull.  The  formation  of  gummaia 
under  the  periosteum  generally  leads  to  caries,  which  may  be  either  limited,  if  the  gumma  is 
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localized,  or  widespread  if  the  gumma  is  diffuse.  The  caries  is  often  complicated  by  necrosis, 
for  a  condition  of  sclerosis  is  frequently  set  up  in  the  surrounding  bone,  and  the  vessels  in  the 
Haversian  canals  become  compressed  and  the  vitality  of  the  bone  is  interfered  with;  hence  we 
often  find  a  central  necrosing  area  surrounded  by  a  zone  of  caries.  Large  carious  sequestra  may 
be  thrown  off  after  prolonged  suppuration,  leaving  considerable  areas  of  the  dura  mater  exposed. 
A  common  result  of  syphilitic  disease  of  the  skull  is  the  production  of  large  hard  masses  of  bone 
on  its  surface,  which  give  it  a  tuberculated  appearance;  in  other  cases,  the  skull  presents  a  curious 
worm-eaten  appearance;  this  is  due  to  the  fact  that  the  osteogenetic  powers  of  the  pericranium 
are  small  and  the  formation  of  bone  on  the  surface  slight.  In  hereditary  syphilis ^  in  addition 
to  the  formation  of  gummata,  which  are  usually  of  the  subperiosteal  variety,  atrophic  or  hyper- 
trophic changes  may  take  place.  In  the  atrophic  cases  the  bone  becomes  abnormally  thin,  or 
even  perforated.  In  the  hypertrophic  cases,  a  deposit  of  porous  bone  takes  place  around  the 
anterior  fontanelle;  these  deposits  are  separated  by  the  coronal  and  sagittal  sutures  and  are 
known  as  Parrot*s  nodes;  such  a  skull  has  received  the  name  of  ncUiformy  from  its  fancied  resem- 
blance to  the  buttocks. 

Hypertrophic  changes  also  occur  in  the  skull  in  ostitis  deformans,  acromegaly,  leontiasis  ossea, 
and  in  rickets.  In  rickety  cases  the  skull  becomes  enlarged  froin  the  formation  of  periosteal 
outgrowths  of  soft  tissue  on  the  outer  side  of  the  skull.  These  deposits  are  very  rich  in  blood- 
vessels, and  occur  between  the  ridges  of  the  cranial  bones  and  their  centres  of  ossification,  and 
are  symmetrically  arranged — often  about  the  anterior  fontanelle.  The  anterior  fontanelle  itself, 
instead  of  closing  between  the  eighteenth  and  twenty-fourth  months,  as  it  normally  does,  remains 
patent  in  rickets  until  the  third  or  even  the  sixth  year.  The  general  shape  of  the  skull  alters. 
The  forehead  is  high  and  square,  with  prominent  frontal  eminences,  and  the  head  tends  to  be 
cubical  or  box-shaped;  the  enlargement  of  the  head  in  rickets  appears  to  be  greater  than  it  really 
is  because  the  development  of  the  facial  bones  is  retarded.  The  base  of  the  nose  may  appear 
sunken,  from  retarded  development  of  the  basis  cranii.  In  marked  cases  of  rickets  these  changes 
in  the  shape  of  the  skull  are  permanent.  In  congenital  hydrocephalus,  or  enlargement  of  the 
head  due  to  the  presence  of  excess  of  fluid  in  the  ventricles  of  the  brain,  the  cranium  becomes 
globular,  and  its  bones  are  thin  and  atrophic.  They  are  often  widely  separated,  the  intervening 
fontanelles  being  much  enlarged  and  partially  filled  in  by  numerous  sutural  bones;  the  atrophy 
of  the  cranium  and  brain  may  be  so  extreme  that  the  light  of  a  candle  may  be  plainly  visible 
through  the  whole  thickness  of  the  enlarged  head. 

The  tympanic  antrum,  situated  in  the  mastoid  portion  of  the  temporal  bone,  is  often  the  seat 
of  suppuration  as  a  result  of  infection  extending  backward  from  the  tympanic  cavity.  In  such 
cases,  the  surgeon  has  to  open  the  antrum  in  order  to  give  exit  to  the  pus;  this  he  does  by  intro- 
ducing his  gouge  in  the  suprameatal  triangle  (see  p.  238).  A  line  is  drawn  horizontally  through 
the  upper  border  of  the  bony  external  acoustic  meatus,  and  a  second  vertically  through  the 
posterior  wall  of  the  meatus,  and  the  gouge  is  applied  in  the  angle  where  these  two  lines  intersect; 
if  the  instrument  be  introduced  at  a  higher  level  it  will  open  the  middle  fossa  of  the  skull.  It 
is  to  be  carried  in  the  direction  of  the  external  acoustic  meatus — inward,  forward,  and  a  little 
upward — for  the  distance  of  from  1  to  1.5  cm.,  when  the  antrum  will  be  reached.  In  some  cases 
of  middle-ear  trouble,  septic  thrombosis  of  the  transverse  sinus  takes  place,  and  it  becomes  neces- 
sary to  work  backward  and  explore  the^  sinus. 

In  connection  with  the  bones  of  the  face  a  common  malformation  is  cleft  palate.    The  cleft 
usually  starts  posteriorly,  and  its  most  elementary  form  is  a  bifid  uvula;  or  the  cleft  may  extend 
through  the  soft  palate;  or  the  posterior  part  of  the  whole 
of  the  hard  palate  may  be  involved,  the  cleft  extending  as  ^   ,       ^ . 

far  forward  as  the  incisive  foramen.    In  the  severest  forms,  °^. 

the  cleft  extends  through  the  alveolus  and  passes  between        2Iesognathion^ 
the  incisive  or  premaxiUary  bone  and  the  rest  of  the  max-    Exorinaihion^ 
ilia;  that  is  to  say,  between  the  lateral  incisor  and  canine 
teeth.    In  some  instances,  the  cleft  runs  between  the  central 
and   lateral  incisor   teeth;   and    this   has    induced  some 
anatomists  to  believe  that  the  premaxiUary  bone  is  devel- 
oped from  two  centres  (Fig.  341)  and  not  from  one,  as  was 
sUted  on  p.  262.    The  medial  segment,  bearing  a  central     ^»o-  ^^^^'^^f^^Albreiht)'*^  its  sutures. 
incisor,  is  called  an  endognathion;  the  lateral  segment,  bear- 
ing the  lateral  incisor,  is  called  a  mesognathion.    The  cleft 

may  affect  one  or  both  sides;  if  the  latter,  the  central  part  is  frequently  displaced  forward  and  re- 
mains united  to  the  septum  of  the  nose,  the  deficiency  in  the  alveolus  being  complicated  with  a  cleft 
in  the  lip  (hare-lip).  On  examining  a  cleft  palate  in  which  the  alveolus  is  not  implicated,  the  cleft 
will  generally  appear  to  be  in  the  median  line,  but  occasionally  is  unilateral  and  in  some  cases  bilat- 
eraL  To  understand  this  it  must  be  borne  in  mind  that  three  processes  are  concerned  in  the  formation 
of  the  palate — ^the  palatine  processes  of  the  two  maxillsp,  which  grow  in  horizontally  and  unite 
ID  the  middle  line,  and  the  ethmovomerine  process,  which  grows  downward  from  the  base  of 
the  skull  and  frontonasal  process  to  unite  with  the  palatine  processes  in  the  middle  line.    In 
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those  cases  where  the  palatine  processes  fail  to  unite  with  each  other  and  with  the  medial  process, 
the  cleft  of  the  palate  is  median;  where  one  palatine  process  unites  with  the  medial  septum,  the 
other  failing  to  do  so,  the  cleft  in  the  palate  is  unilateral.  In  some  cases  where  the  palatine  pro- 
cesses fail  to  meet  in  the  middle,  the  ethmovomerine  process  grows  downward  between  them  and 
thus  produces  a  bilateral  cleft.  Occasionally  there  may  be  a  hole  in  the  middle  line  of  the  hard 
palate,  the  anterior  part  of  the  hard  and  the  soft  palate  being  perfect;  this  is  rare,  because,  as 
a  rule,  the  union  of  the  various  processes  progresses  from  before  backward,  and  therefore  the 
posterior  part  of  the  palate  is  more  frequently  defective  than  the  anterior. 

The  bones  of  the  face  are  sometimes  fractured  as  the  result  of  direct  violence.  Those  most 
commonly  broken  are  the  nasal  bones  and  the  mandible;  the  latter  is  by  far  the  most  frequently 
fractured  of  all  the  facial  bones.  Fracture  of  the  nasal  bone  is  for  the  most  part  transverse,  and 
takes  place  about  1.25  cm.  from  the  free  margin.  The  broken  portion  may  be  displaced  back- 
ward or  more  generally  to  one  side  by  the  force  which  produced  the  lesion.  The  zygomatic  bone 
is  probably  never  broken  alone-^that  is  to  say,  without  fracture  of  some  of  the  other  bones  of 
the  face.  The  zygamaiic  arch  is  occasionally  fractured,  and  when  this  occurs  as  a  result  of  direct 
violence  the  fragments  may  be  displaced  inward.  Fractures  of  the  maxilla  may  vary  much  in 
degree,  from  the  chipping  off  of  a  portion  of  the  alveolar  arch,  to  an  extensive  comminution  of 
the  whole  bone  from  severe  violence,  as  the  kick  of  a  horse.  The  most  common  situation  for  a 
fracture  of  the  mandible  is  in  the  neighborhood  of  the  canine  tooth,  as  at  this  spot  the  bone  is 
weakened  by  the  deep  socket  for  the  root  of  this  tooth;  it  is  next  most  frequently  fractured  at 
the  angle;  then  at  the  symphysis;  and  finally  the  neck  of  the  condyle  or  the  coronoid  process 
may  be  broken.  Occasionally  a  double  fracture  may  occur,  one  in  either  half  of  the  bone.  The 
fractures  are  usually  compound,  from  laceration  of  the  mucous  membrane  covering  the  gums. 
Displacement  readily  occurs  and  is  difficult  to  rectify;  it  results  in  inequality  in  the  line  of  the 
teeth  and  is  commonly  due  to  the  muscles  attached  in  the  region  of  the  symphysis  dragging  this 
portion  downward. 

The  maxilla  and  the  mandible  are  frequently  the  seat  of  necrosis;  but  the  disease  more  often 
affects  the  lower  than  the  upper  jaw.  It  may  be  the  result  of  periostitis  from  tooth  irritation, 
injury,  or  the  action  of  some  specific  poison,  as  syphilis,  or  from  salivation  by  mercury;  it  some- 
times occurs  in  children  after  attacks  of  the  exanthematous  fevers,  and  a  special  form  occurs 
from  the  action  of  the  fumes  of  phosphorus  in  persons  engaged  in  the  manufacture  of  matches. 
In  the  vast  majority  of  cases,  however,  it  is  of  dental  origin. 

Timiors  originate  in  the  jaw  bones  not  infrequently,  and  may  be  either  innocent  or  malignant. 
In  the  maxilla,  cysts  may  occur  in  the  antrum;  or  in  either  jaw  in  connection  with  the  teeth; 
those  connected  with  the  roots  of  fully  developed  teeth  are  known  as  dental  cysts;  those  con- 
nected with  unerupted  teeth,  dentigerous  cysts.  Malignant  tumors  show  a  marked  degree  of 
malignancy  when  occurring  in  the  maxilla.  The  results  of  distention  of  the  walls  of  the  maxillary 
antrum  are  given  on  page  260. 

The  maxilla  sometimes  requires  removal  for  tumors  or  other  conditions.  In  order  to  remove 
it,  the  patient  should  be  placed  in  the  recumbent  position,  in  a  good  light,  with  the  head  and 
shoulders  just  raised.  The  central  incisor  tooth  on  the  affected  side  is  then  extracted,.  One 
incision  is  begun  just  below  the  medial  canthus  of  the  eye  and  passes  along  the  side  of  the  nose, 
around  the  ala,  and  down  the  middle  line  of  the  upper  Hp  into  the  mouth.  A  second  incision  is 
made  from  the  commencement  of  the  first,  along  the  lower  border  of  the  orbit  as  far  as  the  promi- 
nence of  the  zygomatic  bone.  The  flap  thus  formed  is  reflected,  so  as  to  expose  the  bone.  The 
periosteum  attached  along  the  lower  margin  of  the  orbit  is  now  to  be  incised,  and  with  the  handle 
of  the  scalpel  the  periosteum  covering  the  floor  of  th^  orbit  is  raised  from  the  bone;  for  in  all 
cases  it  is  essential  that  this  fibrous  layer  should  not  be  removed.  The  mouth  is  now  widely 
opened  with  a  gag,  and  the  mucous  membrane  covering  the  hard  palate  incised  down  to  the 
bone  in  the  middle  line,  and  the  soft  palate  separated  from  the  hard.  The  surgeon  having  first 
separated  the  ala  of  the  nose  from  its  bony  attachment,  proceeds  to  divide  the  connections  of 
the  bone  with  the  other  bones  of  the  face.  They  are  (1)  the  junction  with  the  zygomatic  bone, 
the  line  of  section  being  carried  into  the  inferior  orbital  fissure;  (2)  the  frontal  process  of  the 
maxilla;  a  small  portion  of  its  upper  extremity,  connected  with  the  nasal  bone  in  front,  the  lacrimal 
bone  behind,  and  the  frontal  bone  above,  being  left;  (3)  the  connection  with  the  opposite  maxilla 
and  with  the  palatine  bone  in  the  roof  of  the  mouth.  The  bone  is  now  firmly  grasped  with  lion- 
forceps;  and  by  means  of  a  rocking  movement  upward  and  downward,  the  remaining  attach- 
ments of  the  orbital  plate  with  the  ethmoid,  and  of  the  back  of  the  bone  with  the  palatine,  are 
broken  through.  Occasionally,  in  removing  the  maxilla,  it  will  be  found  that  the  orbital  plate 
can  be  saved,  and  this  should  always  be  done  if  possible.  A  horizontal  saw-cut  should  then  be 
made  just  below  the  infraorbital  foramen. 

THE  EXTREMITIES. 

The  extremities,  or  limbs,  are  long,  jointed  appendages,  each  of  which  is  con- 
nected to  the  trunk  by  one  end,  and  is  free  in  the  rest  of  its  extent.    They  are 
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four  in  number:  an  upper  pur,  conoected  with  the  thorax  and  subservient  mainly 
to  prehension;  and  a  lower  pftir,  connected  with  the  vetrebral  column  and  intended 
for  support  and  locomotion.  Both  pairs  are  constructed  after  one  common  type, 
but  certain  differences  are  observed  between  the  upper  and  lower,  dependent 
on  the  peculiar  offices  they  have  to  perform. 

The  bones  by  which  the  upper  and  lower  limbs  are  attached  to  the  trunk  con- 
stitute respectively  the  shoulder  and  pelvic  girdles.  The  abonlder  cirdle  or  girdle 
of  tlie  mpeiior  extremity  is  formed  by  the  scapulee  and  clavicles,  and  is  imperfect 
in  front  and  behind.  In  front,  however,  it  is  completed  by  the  upper  end  of  the 
sternum,  with  which  the  medial  ends  of  the  clavicles  articulate.  Behind,  it  is 
widely  imperfect,  the  scapuls  being  connected  to  the  trunk  by  muscles  only. 
The  pelTie  girdle  or  girdle  of  the  interior  extremit;  is  formed  by  the  hip  bones, 
which  articulate  with  each  other  in  front,  at  the  symphysis  pubis.  It  is  imperfect 
behind,  but  the  gap  is  filled  in  by  the  upper  part  of  the  sacrum.  The  pelvic  girdle, 
with  the  sa(!rum,  is  a  complete  ring,  massive  and  comparatively  rigid,  in  marked 
contrast  to  the  lightness  and  mobility  of  the  shoulder  girdle. 


THE  BONES  OF  THE  QPPEK  EXTREMITT  (OSSA  EXTBEHITATIS  SUPERI0BI8). 

The  Clavicle  (CUiTieala;  Collar  Bone). 

The  clATlete  (Figs.  342,  343)  forms  the  anterior  portion  of  the  shoulder  girdle. 
It  is  a  long  bone,  curved  somewhat  like  the  italic  letter/,  and  placed  nearly  horizon- 
tally at  the  upper  and  anterior  part  of  the  thorax,  immediately  above  the  first 
rib.  It  articulates  medially  with  the  manubrium  stemi,  and  laterally  with  the 
acromion  of  the  scapula,'  It  presents  a  double  curvature,  the  convexity  being 
directed  forward  at  the  sternal  end,  and  the  concavity  at  the  scapular  end.  Its 
lateral  third  is  flattened  from  above  downward,  while  its  medial  two-thirds  is  of 
a  rounded  or  prismatic  form. 

Sttmal  txtremily  Acromial  extrtmiiy 


lateral  Third. — The  lateral  third  has  two  surfaces,  an  upper  and  a  lower;  and 
two  borders,  an  anterior  and  a  posterior. 

Snrtace. — The  upper  soiface  is  flat,  rough,  and  marked  by  impressions  for  the 
attachments  of  the  Deltoideus  in  front,  and  the  Trapezius  behind;  between  these 
impressions  a  small  portion  of  the  bone  is  subcutaneous.  The  under  surface  is 
flat.  At  its  posterJOT  border,  near -the'  point  where  the  prismatic  joins  with  the 
flattened  portion,  is  a  rougti  eminence,  the  coracoid  taberositr  {conmd  tubercle); 
this,  in  the  natural  position  of  the  bone,  surmounts  the  coracoid  process  of  the 
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scapula,  and  gives  attachment  to  the  conoid  ligament.  From  this  tuberosity  an 
oblique  ridge,  the  oblique  or  ttapesoid  ridge,  runs  forward  and  lateralvard,  and 
afford  attachment  to  the  trapezoid  ligament. 

Borders. ^The  anterior  border  is  concave,  thin,  and  rough,  and  gives  attachment 
to  the  Deltoideus;  at  its  medial  part  there  13  frequently  a  tubercle,  the  deltoid 
tubercle.  The  posterior  border  is  convex,  rough,  thicker  than  the  anterior,  and  gives 
attachment  to  the  Trapezius. 

Medial  Two-thirds.^The  medial  two-thirds  constitute  the  prismatic  portion 
of  the  bone,  which  is  curved  so  as  to  be  convex  in  front,  concave  behind,  and  is 
marked  by  three  borders,  separating  three  surfaces. 

Borders.— The  anterior  border  is  continuous  with  the  anterior  margin  of  the  flat 
portion.  Its  lateral  part  is  smooth,  and  corresponds  to  the  interval  between  the 
attachments  of  the  Pectoralis  major  and  Deltoideus;  its  medial  part  forms  the 
lower  boundary  of  an  elliptical  surface  for  the  attachment  of  the  clavicular  portion 
of  the  Pectoralis  major,  and  approaches  the  posterior  border  of  the  bone.  The 
superior  border  is  continuous  with  the  posterior  margin  of  the  flat  portion,  and 
separates  the  anterior  from  the  posterior  surface.  Smooth  and  rounded  laterally, 
it  becomes  rough  toward  the  medial  third  for  the  attachment  of  the  Stemocleido- 
mastoideus,  and  ends  at  the  upper  angle  of  the  sternal  eictremity.  The  posterior 
or  snbcIaTian  border  separates  the  posterior  from  the  inferior  surface,  and  extends 
from  the  coracoid  tuberosity  to  the  costal  tuberosity;  it  forms  the  posterior  boun- 
dary of  the  groove  for  the  Subclavius,  and  gives  attachment  to  a  layer  of  cervical- 
fascia  which  envelops  the  Omohyoideus.  .       ^  v- 

Artieidai  captule  ArtietiJaf  capruk 


Fto.  343.~Lcf  t  clsi-icle.     iDCcrior  lurCBee. 

Surfaces. — The  anterior  surface  is  included  between  the  superior  and  anterior 
borders.  Its  lateral  part  looks  upward,  and  is  continuous  with  the  superior  sur- 
face of  the  flattened  portion;  it  is  smooth,  convex,  and  nearly  subcutaneous,  being 
covered  only  by  the  Platysma.  Mediallj'  it  is  divided  by  a  narrow  subcutaneous 
area  into  two  parts:  a  lower,  elliptical  in  form,  and  directed  forward,  for  the 
attachment  of  the  Pectoralis  major;  and  an  upper  for  the  attachment  of  the 
Sternocleidomastoideus.  The  posterior  or  cervical  surface  is  smooth,  and  looks 
'  backward  toward  the  root  of  the  neck.  It  is  limited,  above,  by  the  superior 
border;  below,  by  the  subclavian  border;  medially,  by  the  margin  of  the  sternal 
extremity;  and  laterally,  by  the  coracoid  tuberosity.  It  is  concave  medio-laterally, 
and  is  in  relation,  by  its  lower  part,  with  the  transverse  scapular  vessels.  This 
surface,  at  the  junction  of  the  curves  of  the  bone,  is  also  in  relation  with  the  brachial 
plexus  of  ner\TS  and  the  subclavian  vessels.  It  gives  attachment,  near  the  sternal 
extremity,  to  part  of  the  Sternohyoideus;  and  presents,  near  the  middle,  an  oblique 
foramen  directed  lateralward,  which  transmits  the  chief  nutrient  artery  of  the 
bone.  Sometimes  there  are  two  foramina  on  the  posterior  surface,  or  oue  on  the 
posterior  and  another  on  the  inferior  surface.    The  inferior  or  subclavian  surface  is 


THE  CLAVICLE  303 

bounded,  in  front,  by  the  anterior  border;  behind,  by  the  subclavian  border. 
It  is  narrowed  medially,  but  gradually  increases  in  width  laterally,  and  is  contin- 
uous with  the  under  surface  of  the  flat  portion.  On  its  medial  part  is  a  broad 
rough  surface,  the  costal  tuberosity  {rhomboid  impression)  y  rather  more  than  2  cm. 
in  length,  for  the  attachment  of  the  costoclavicular  ligament.  The  rest  of  this 
surface  is  occupied  by  a  groove,  which  gives  attachment  to  the  Subclavius;  the 
coracoclavicular  fascia,  which  splits  to  enclose  the  muscle,  is  attached  to  the  margins 
of  the  groove.  Not  infrequently  this  groove  is  subdivided  longitudinally  by  a 
line  which  gives  attachment  to  the  intermuscular  septum  of  the  Subclavius. 

The  Sternal  Extremity  (extremitas  stemalis;  internal  extremity). — ^The  sternal 
extremity  of  the  clavicle  is  triangular  in  form,  directed  medialward,  and  a  little 
downward  and  forward;  it  presents  an  articular  facet,  concave  from  before  back- 
ward, convex  from  above  downward,  which  articulates  with  the  manubrium  sterni 
through  the  intervention  of  an  articular  disk.  The  lower  part  of  the  facet  is  con- 
tinued on  to  the  inferior  surface  of  the  bone  as  a  small  semi-oval  area  for  articula- 
tion with  the  cartilage  of  the  first  rib.  The  circumference  of  the  articular  surface 
is  rough,  for  the  attachment  of  numerous  ligaments;  the  upper  angle  gives  attach- 
ment to  the  articular  disk. 

The  Acromial  Extremity  (extremitas  acromialis;  outer  extremity), — ^The  acromial 
extremity  presents  a  small,  flattened,  oval  surface  directed  obliquely  downward, 
for  articulation  with  the  acromion  of  the  scapula.  The  circumference  of  the 
articular  facet  is  rough,  especially  above,  for  the  attachment  of  the  acromio- 
clavicular ligaments. 

In  the  female,  the  clavicle  is  generally  shorter,  thinner,  less  curved,  and  smoother  than  in  the 
niale.  In  those  persons  who  perform  considerable  manual  labor/ it  becomes  thicker  and  more 
curved,  and  its  ridges  for  muscular  attachment  are  prominently-marked. 

Straetnre. — The  clavicle  consists  of  cancellous  tissue,  enveloped  by  a  compact  layer,  which 
is  much  thicker  in  the  intermediate  part  than  at  the  extremities  of  the  bone. 

Oflsifieatioii. — The  clavicle  begins  to  ossify  before  any  other  bone  in  the  body;  it  is  ossified 
from  three  centres — ^viz.,  two  primary  centres,  a  medial  and  a  lateral,  for  the  body,^which  appear 
during  the  fifth  or  sixth  we^  of  fetal  life;  and  a  secondary  centre  for  the  sternal  end,  which 
appears  about  the  eighteenth  or  twentieth  year,  and  unites  with  the  rest  of  the  bone  about  the 
twenty-fifth  year. 

implied  Anatomy. — The  clavicle  is  very  frequently  fractured,  since  it  is  much  exposed  to  vio- 
lence, and  is  the  only  bony  connection  between  the  upper  limb  and  the  trunk,  acting  as  a  buttress 
to  keep  the  point  of  the  shoulder  away  from  the  thorax.  It  is,  moreover,  slender,  and  is  very 
superficial.  It  may  be  broken  by  direct  or  indirect  violence.  The  most  conunon  cause  is,  however, 
indirect  violence,  as  the  result  of  force  appUed  to  the  hand  or  shoulder,  and  the  bone  then  gives 
way  at  the  junction  of  its  lateral  with  its  intermediate  third,  that  is  to  say,  at  the  junction  of 
the  two  curves,  for  this  is  its  weakest  part.  The  fracture  is  generally  oblique,  and  the  displace- 
ment of  the  lateral  fragment  is  downward,  forward,  and  medialward.  The  deformity  is  mainly 
due  to  the  weight  of  the  arm  acting  upon  the  fragment  when  the  buttress-like  action  of  the  bone 
is  gone,  assisted  by  the  muscles  which  pass  from  the  thorax  to  the  upper  extremity.  The  medial 
fragment,  as  a  rule,  is  little  displaced.  Beneath  the  bone  the  main  vessels  of  the  upper  limb  and 
the  great  nerve  cords  of  the  brachial  plexus  Ue  on  the  first  rib  and  are  liable  to  be  wounded,  espe- 
cially in  fracture  from  direct  violence,  when  the  force  of  the  blow  drives  the  broken  ends  inward. 
Fortunately  the  subclavius  intervenes  between  these  structures  and  the  clavicle,  and  often  protects 
them  from  injury. 

The  clavicle  is  occasionally  the  seat  of  sarcomatous  tumors,  rendering  the  operation  of  excision 
of  the  entire  bone  necessary.  This  is  an  operation  of  considerable  difficulty  and  danger.  It  is 
best  performed  by  exposing  the  bone  freely,  disarticulating  at  the  acromial  end,  and  turning  it 
forward.  The  removal  of  the  lateral  part  is  comparatively  easy,  but  resection  of  the  medial  part 
is  fraught  with  difficulty,  the  main  danger  being  the  risk  of  wounding  the  great  veins  which  are 
in  relation  with  its  deep  surface. 

Great  deformity  of  the  clavicle  may  be  met  with  in  rickets,  the  natural  curvatures  of  the  bone 
being  exaggerated  until  it  takes  on  an  S-shape,  and  ''green-stick''  fracture  is  not  uncommonly 
seen  associated  therewith. 

^  Mali,  Amerioan  Journal  of  Anatomy,  vol.  v;  Fawcett,  Journal  of  Anatomy  and  Physiology,  vol.  zlvii. 
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The  Scapula  (Shoulder  Blade). 

The  scapula  forms  the  posterior  part  of  the  shoulder  girdle.  It  is  a  flat,  trian- 
gular bone,  with  two  surfaces,  three  borders,  and  three  angles. 

Surfaces. — The  costal  or  ventral  surface  (Fig.  344)  presents  a  broad  concavitj', 
the  subseapolar  fossa.  The  medial  two-thirds  of  the  fossa  are  marked  by  several 
oblique  ridges,  which  run  lateralward  and  upward.    The  ridges  give  attachment 


to  the  tendinous  intersections,  and  the  surfaces  between  them  to  the  fleshy  fibres, 
of  the  Subscapularis.  The  lateral  third  of  the  fossa  is  smooth  and  covered  by  the 
fibres  of  this  muscle.  The  fossa  is  separated  from  the  vertebral  border  by  smooth 
triangular  areas  at  the  medial  and  inferior  angles,  and  in  the  interval  between 
these  by  a  narrow  ridge  whii^h  is  often  deficient.    These  triangular  areas  and  the 
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intervening  ridge  aflFord  attachment  to  the  Serratus  anterior.  At  the  upper  part 
of  the  fossa  is  a  transverse  depression,  where  the  bone  appears  to  be  bent  on  itself 
along  a  line  at  right  angles  to  and  passing  through  the  centre  of  the  glenoid  cavity, 
forming  a  considerable  angle,  called  the  subscapular  angle;  this  gives  greater 
strength  to  the  body  of  the  bone  by  its  arched  form,  while  the  summit  of  the 
arch  ser\'es  to  support  the  spine  and  acromion. 
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FiQ.  345. — Left  scapula.     Dorsal  surface. 


The  dorsal  surface  (Pig.  345)  is  arched  from  above  downward,  and  is  subdivided 
into  two  unequal  parts  by  the  spine;  the  portion  above  the  spine  is  called  the 
sapraspinatoas  fossa,  and  that  below  it  the  infraspliatous  fossa. 

20 


306  OSTEOLOGY 

The  supraspinatous  fossa,  the  smaller  of  the  two,  is  concave,  smooth,  and  broader 
at  its  vertebral  than  at  its  humeral  end;  its  medial  two-thirds  give  origin  to  the 
Supraspinatus. 

The  infraspinatoas  fossa  is  much  larger  than  the  preceding;  toward  its  vertebral 
margin  a  shallow  concavity  is  seen  at  its  upper  part;  its  centre  presents  a  promi- 
nent convexity,  while  near  the  axillary  border  is  a  deep  groove  which  runs  from 
the  upper  toward  the  lower  part.  The  medial  two-thirds  of  the  fossa  give  origin 
to  the  Infraspinatus;  the  lateral  third  is  covered  by  this  muscle. 

The  dorsal  surface  is  marked  near  the  axillary  border  by  an  elevated  ridge, 
which  runs  from  the  lower  part  of  the  glenoid  cavity,  downward  and  backward 
to  the  vertebral  border,  about  2.5  cm.  above  the  inferior  angle.  The  ridge  serves 
for  the  attachment  of  a  fibrous  septum,  which  separates  the  Infraspinatus  from 
the  Teres  major  and  Teres  minor.  The  surface  between  the  ridge  and  the  axillary 
border  is  narrow^  in  the  upper  two-thirds  of  its  extent,  and  is  crossed  near  its 
centre  by  a  groove  for  the  passage  of  the  scapular  circumflex  vessels;  it  affords 
attachment  to  the  Teres  minor.  Its  lower  third  presents  a  broader,  somewhat 
triangular  surface,  which  gives  origin  to  the  Teres  major,  and  over  which  the  Latis- 
simus  dorsi  glides;  frequently  the  latter  muscle  takes  origin  by  a  few  fibres  from 
this  part.  The  broad  and  narrow  portions  above  alluded  to  are  separated  by  an 
oblique  line,  which  runs  from  the  axillary  border,  downward  and  backward,  to 
meet  the  elevated  ridge:  to  it  is  attached  a  fibrous  septum  which  separates  the 
Teres  muscles  from  each  other. 

The  Spine  {spina  scapulae). — The  spine  is  a  prominent  plate  of  bone,  which 
crosses  obliquely  the  medial  four-fifths  of  the  dorsal  surface  of  the  scapula  at  its 
upper  part,  and  separates  the  supra-  from  the  infraspinatous  fossa.  It  begins 
at  the  vertical  border  by  a  smooth,  triangular  area  over  which  the  tendon  of  inser- 
tion of  the  lower  part  of  the  Trapezius  glides,  and,  gradually  becoming  more  ele- 
vated, ends  in  the  acromion,  which  overhangs  the  shoulder-joint.  The  spine  is 
triangular,  and  flattened  from  above  downward,  its  apex  being  directed  toward 
the  vertebral  border.  It  presents  two  surfaces  and  three  borders.  Its  superior 
surface  is  concave;  it  assists  in  forming  the  supraspinatous  fossa,  and  gives  origin 
to  part  of  the  Supraspinatus.  Its  inferior  surface  forms  part  of  the  infraspinatous 
fossa,  gives  origin  to  a  portion  of  the  Infraspinatus,  and  presents  near  its  centre 
the  orifice  of  a  nutrient  canal.  Of  the  three  borders,  the  anterior  is  attached  to  the 
dorsal  surface  of  the  bone;  the  posterior,  or  crest  of  the  spine,  is  broad,  and  presents 
two  lips  and  an  intervening  rough  interval.  The  Trapezius  is  attached  to  the  supe- 
rior lip,  and  a  rough  tubercle  is  generally  seen  on  that  portion  of  the  spine  which 
receives  the  tendon  of  insertion  of  the  lower  part  of  this  muscle.  The  Deltoideus 
is  attached  to  the  whole  length  of  the  inferior  lip.  The  interval  between  the  lips 
is  subcutaneous  and  partly  covered  by  the  tendinous  fibres  of  these  muscles.  The 
lateral  border,  or  base,  the  shqrtest  of  the  three,  is  slightly  concave;  its  edge,  thick 
and  round,  is  continuous  above  with  the  under  surface  of  the  acromion,  below^ 
with  the  neck  of  the  scapula.  It  forms  the  medial  boundary  of  the  great  scapular 
notch,  which  serves  to  connect  the  supra-  and  infraspinatous  fossae. 

The  Acromion. — ^The  acromion  forms  the  summit  of  the  shoulder,  and  is  a  large, 
somewhat  triangular  or  oblong  process,  flattened  from  behind  forward,  projecting 
at  first  lateral  ward,  and  then  curving  forward  and  upward,  so  as  to  overhang  the 
glenoid  cavity.  Its  superior  surface,  directed  upward,  backward,  and  lateralward, 
is  convex,  rough,  and  gives  attachment  to  some  fibres  of  the  Deltoideus,  and  in  the 
rest  of  its  extent  is  subcutaneous.  Its  inferior  surface  is  smooth  and  concave. 
Its  lateral  border  is  thick  and  irregular,  and  presents  three  or  four  tdbercles  for  the 
tendinous  origins  of  the  Deltoideus.  Its  medial  border,  shorter  than  the  lateral, 
is  concave,  gives  attachment  to  a  portion  of  the  Trapezius,  and  presents  about 
its  centre  a  small,  oval  surface  for  articulation  with  the  acromial  end  of  the  clavicle. 
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Its  apex,  which  corresponds  to  the  point  of  meeting  of  these  two  borders  in  front, 
is  thin,  and  has  attached  to  it  the  coracoacromial  ligament. 

Borders. — Of  the  three  borders  of  the  scapula,  the  superior  is  the  shortest  and 
thinnest;  it  is  concave,  and  extends  from  the  medial  angle  to  the  base  of  the  cora- 
coid  process.  At  its  lateral  part  is  a  deep,  semicircular  notch,  the  scapular  notch, 
formed  partly  by  the  base  of  the  coracoid  process.  This  notch  is  converted  into 
a  foramen  by  the  superior  transverse  ligament,  and  serves  for  the  passage  of  the 
suprascapular  nerve;  sometimes  the  ligament  is  ossified.  The  adjacent  part  of 
the  superior  border  affords  attachment  to  the  Omohyoideus.  The  axillary  border 
is  the  thickest  of  the  three.  It  begins  above  at  the  lower  margin  of  the  glenoid 
cavity,  and  inclines  obliquely  downward  and  backward  to  the  inferior  angle. 
Immediately  below  the  glenoid  cavity  is  a  rough  impression,  the  infraglenoid 
tuberosity,  about  2.5  cm.  in  length,  which  gives  origin  to  the  long  head  of  the  Tri- 
ceps brachii;  in  front  of  this  is  a  longitudinal  groove,  which  extends  as  far  as  the 
lower  third  of  this  border,  and  affords  origin  to  part  of  the  Subscapularis.  The 
inferior  third  is  thin  and  sharp,  and  serves  for  the  attachment  of  a  few^  fibres  of 
the  Teres  major  behind,  and  of  the  Subscapularis  in  front.  The  vertebral  border 
is  the  longest  of  the  three,  and  extends  from  the  medial  to  the  inferior  angle.  It 
is  arched,  intermediate  in  thickness  between  the  superior  and  the  axillary  borders, 
and  the  portion  of  it  above  the  spine  forms  an  obtuse  angle  with  the  part  below. 
This  border  presents  an  anterior  and  a  posterior  lip,  and  an  intermediate  narrow 
area.  The  anterior  lip  affords  attachment  to  the  Serratus  anterior;  the  posterior 
lip,  to  the  Supraspinatus  above  the  spine,  the  Infraspinatus  below;  the  area 
between  the  two  lips,  to  the  Levator  scapulae  above  the  triangular  surface  at  the 
commencement  of  the  spine,  to  the  Rhomboideus  minor  on  the  edge  of  that  surface, 
and  to  the  Rhomboideus  major  below  it;  this  last  is  attached  by  means  of  a  fibrous 
arch,  connected  above  to  the  lower  part  of  the  triangular  surface  at  the  base  of 
the  spine,  and  below  to  the  lower  part  of  the  border. 

Angles. — Of  the  three  angles,  the  medial,  formed  by  the  junction  of  the  superior 
and  vertebral  borders,  is  thin,  smooth,  rounded,  inclined  somewhat  lateralward, 
and  gives  attachment  to  a  few  fibres  of  the  Levator  scapulae.  The  inferior  angle, 
thick  and  rough,  is  formed  by  the  union  of  the  vertebral  and  axillary  borders; 
its  dorsal  surface  affords  attachment  to  the  Teres  major  and  frequently  to  a  few 
fibres  of  the  Latissimus  dorsi.  The  lateral  angle  is  the  thickest  part  of  the  bone, 
and  is  sometimes  called  the  head  of  the  scapula.  On  it  is  a  shallow  pyriform, 
articular  surface,  the  glenoid  cavity,  which  is  directed  lateralward  and  forv^^ard 
and  articulates  with  the  head  of  the  humerus;  it  is  broader  below^  than  above 
and  its  vertical  diameter  is  the  longest.  The  surface  is  covered  with  cartilage 
in  the  recent  state;  and  its  margins,  slightly  raised,  give  attachment  to  a  fibro- 
cartilaginous structure,  the  glenoidal  labrum,  which  deepens  the  cavity.  At  its 
apex  is  a  slight  elevation,  the  supraglenoid  tuberosity,  to  which  the  long  head  of  the 
Biceps  brachii  is  attached.  The  neck  of  the  scapula  is  the  slightly  constricted  por- 
tion which  surrounds  the  head;  it  is  more  distinct  below  and  behind  than  above 
and  in  front. 

The  Coracoid  Process  {processus  coracoideus) . — The  coracoid  process  is  a  thick 
curved  process  attached  by  a  broad  base  to  the  upper  part  of  the  neck  of  the  scapula ; 
it  runs  at  first  upward  and  medialward;  then,  becoming  smaller,  it  changes  its 
direction,  and  projects  forw-ard  and  lateralward.    The  ascending  portion,  flattened 
from  before  backward,  presents  in  front  a  smooth  concave  surface,  across  which 
the  Subscapularis  passes.    The  horizontal  portion  is  flattened  from  above  down- 
ward; its  upper  surface  is  convex  and  irregular,  and  gives  attachment  to  the  Pec- 
tomUs  minor;  its  under  surface  is  smooth;  its  medial  and  lateral  borders  are  rough; 
the  former  gives  attachment  to  the  Pectoralis  minor  and  the  latter  to  the  coraco- 
acromial jigament;  the  apex  is  embraced  by  the  conjoined  tendon  of  origin  of  the 
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Coracobrachialis  and  short  head  of  the  Biceps  hrachii  and  gives  attachment  to 
the  coracoclavicular  fascia.  On  the  medial  part  of  the  root  of  the  coracoid  process 
is  a  rough  impression  for  the  attachment  of  the  conoid  ligament;  and  running 
from  it  obliquely  forward  and  lateralward,  on  to  the  upper  surface  of  the  horizontal 
portion,  is  an  elevated  ridge  for  the  attachment  of  the  trapezoid  ligament. 

Straeture. — The  head,  processes,  and  the  thickened  parte  of  the  bone,  contain  conceUous 
tissue;  the  rcat  consists  of  a  thin  layer  of  compact  tissue.  The  central  part  of  the  supraspioatous 
fossa  and  the  upper  part  of  the  infraspinatous  fossa,  but  especially  the  former,  are  usually  so  thin 
as  to  be  semitransparent ;  occasionally  the  bone  is  found  wanting  in  this  situation,  and  the  adjacent 
muscles  are  separated  only  by  fibrous  tissue. 

Ossiflcatioa  (Fig.  346), — The  scapula  ia  ossified  from  seven  or  more  centres:  one  for  the  body, 
two  for  the  coracoid  process,  two  for  the  acromion,  one  for  the  vertebral  border,  and  one  for  the 
inferior  angle. 


FlQ.  34e.^Pltta  of  OHiiiBcatJoa  of  ths  icBpuU.     From  MveD  <»atr». 

Ossification  of  the  body  begins  about  the  second  month  of  fetal  life,  by  the  formation  of  an 
irregular  quadrilateral  plate  of  bone,  immediately  behind  the  glenoid  cavity.  This  plate  extends 
BO  as  to  form  the  chief  part  of  the  bone,  the  spine  growing  up  from  its  dorsal  surface  about  the 
third  month.  At  birth,  a  large  part  of  the  scapula  is  osseous,  but  the  glenoid  cavity,  the  coracoid 
procesa,  the  acromion,  the  vertebral  border,  and  the  inferior  angle  are  cartilaginous.  From  the 
fifteenth  to  the  eighteenth  month  after  birth,  ossification  takes  place  in  the  middle  of  the  coracoid 
process,  which  as  a  rule  becomes  joined  with  the  rest  of  the  bone  about  the  fifteenth  year.  Between 
the  fourteenth  and  twentieth  years,  ossification  of  the  remaining  parts  takes  place  in  quick  succes- 
sion, and  usually  in  the  following  order;  first,  in  the  root  of  the  coracoid  process,  in  the  form  of  a 
broad  scale;  secondly,  near  the  base  of  the  acromion;  thirdly,  in  the  inferior  angle  and  contiguous 
part  of  the  vertebral  border;  fourthly,  near  the  extremity  of  the  acromion;  fifthly,  in  the  vertebral 
border.  The  base  of  the  acromion  is  formed  by  an  eitenaion  from  the  spine;  the  two  separate 
nuclei  of  the  acromion  unite,  and  then  join  with  the  extension  from  the  spine.  The  upper  third 
of  the  glenoid  cavity  is  ossified  from  a  separate  centre  (subcoracoid],  which  makes  its  appear- 
ance between  the  tenth  anii  eleventh  years  and  joins  between  the  sixteenth  and  the  eighteenth. 
Further,  an  epiphysial  plate  appears  for  the  lower  part  of  the  glenoid  cavity,  while  the  tip  of  the 
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coracoid  process  frequently  presents  a  separate  nucleus.  These  various  epiphyses  are  joined 
to  the  bone  by  the  twenty-fifth  year.  Failure  of  bony  union  between  the  acromion  and  spine 
sometimes  occurs,  the  junction  being  effected  by  fibrous  tissue,  or  by  an  imperfect  articulation; 
in  some  cases  of  supposed  fracture  of  the  acromion  with  ligamentous  union,  it  is  probable  that 
the  detached  segment  was  never  united  to  the  rest  of  the  bone. 

Articiilation8« — ^The  scapula  articulates  with  the  humerus  and  clavicle. 

Applied  Anatomy. — ^Fractures  of  the  body  of  the  scapula  are  rare,  owing  to  the  mobility  of  the 
bone,  the  thick  layers  of  muscles  by  which  it  is  encased,  and  the  elasticity  of  the  ribs  on  which 
it  rests.  Fracture  of  the  neck  is  also  imcommon.  The  most  frequent  course  of  a  fracture  is  from 
the  scapular  notch  to  the  infraglenoid  tuberosity,  and  it  derives  its  principal  interest  from  its 
simulation  of  a  subglenoid  dislocation  of  the  humerus.  The  diagnosis  can  be  made  by  noting 
the  alteration  in  the  position  of  the  coracoid  process.  The  acromion  is  more  frequently  broken 
than  any  other  part  of  the  bone,  and  fibrous  union  is  very  liable  to  follow. 

The  presence  of  ''winged  scapulse''  {scapulae  oLatae)  described  in  thin  persons  of  feeble  muscular 
development  in  whom  the  lower  angles  of  the  blade  bones  project  unduly,  is  due  partly  to  abnormal 
roundness  of  the  thoracic  wall  ("barrel-shaped  chest,''  p.  226),  and  partly  to  weakness  and 
flaccidity  of  the  Latissimtis  dorsi  and  Serratus  anterior.  The  shoulders  are  held  low  in  these 
subjects,  and  the  clavicles  slope  downward  and  forward,  carrying  with  them  the  scapulse,  which 
fit  ill  to  the  posterior  wall  of  the  chest  and  so  tend  to  project  from  it. 

Tumors  of  various  kinds  grow  from  the  scapula.  Of  the  innocent  form  probably  the  osteomata 
are  the  most  oonmion.  When  an  osteoma  grows  from  the  venter  of  the  scapula,  as  it  sometimes 
does,  it  is  of  the  compact  variety,  such  as  usually  grows  from  membrane-formed  bones,  as  the 
bones  of  the  skull.  Sarcomatous  tumors  sometimes  grow  from  the  scapula,  and  may  necessitate 
removal  of  the  bone,  with  or  without  amputation  of  the  upper  limb.  The  bone  may  be  excised 
by  a  T-shaped  incision,  and  the  flaps  being  reflected,  the  removal  is  commenced  from  the  vertebral 
border,  so  that  the  subscapular  vessels  which  lie  along  the  axillary  border  are  among  the  last 
structures  divided,  and  can  be  readily  secured. 

The  Humerus  (Arm  Bone). 

The  hnmems  (Figs.  347,  348)  is  the  longest  and  largest  bone  of  the  upper 
extremity;  it  is  divisible  into  a  body  and  two  extremities. 

Upper  Extremity. — ^The  upper  extremity  consists  of  a  large  rounded  head  joined 
to  the  body  by  a  constricted  portion  called  the  neck,  and  two  eminences,  the  greater 
and  lesser  tubercles. 

The  Head  {caTpui  humeri). — ^The  head,  nearly  hemispherical  in  form,^  is  directed 
upward,  medialward,  and  a  little  backward,  and  articulates  with  the  glenoid  cavity 
of  the  scapula.  The  circumference  of  its  articular  surface  is  slightly  constricted, 
and  is  termed  the  anatomical  neck,  in  contradistinction  to  a  constriction  below  the 
tubercles  called  the  surgical  neck  which  is  frequently  the  seat  of  fracture.  Fracture 
of  the  anatomical  neck  rarely  occurs. 

The  Anatomical  Neck  {coUum  anatomicum)  is  obliquely  directed,  forming  an 
obtuse  angle  with  the  body.  It  is  best  marked  in  the  lower  half  of  its  circmn- 
ference;  in  the  upper  half  it  is  represented  by  a  narrow  groove  separating  the  head 
from  the  tubercles.  It  affords  attachment  to  the  articular  capsule  of  the  shoulder- 
joint,  and  is  perforated  by  numerous  vascular  foramina. 

The  Greater  Tubercle  (tubercidum  majus;  greater  tuberosity), — ^The  greater 
tubercle  is  situated  lateral  to  the  head  and  lesser  tubercle.  Its  upper  surface  is 
roimded  and  marked  by  three  flat  impressions:  the  highest  of  these  gives  insertion 
to  the  Supraspinatus;  the  middle  to  the  Infraspinatus;  the  lowest  one,  and  the 
body  of  the  bone  for  about  2.5  cm.  below  it,  to  the  Teres  minor.  The  lateral 
surface  of  the  greater  tubercle  is  convex,  rough,  and  continuous  with  the  lateral 
surface  of  the  body. 

The  Lesser  Tubercle  (fvberculum  minus;  lesser  tuberosity). — ^The  lesser  tubercle, 
although  smaller,  is  more  prominent  than  the  greater:  it  is  situated  in  front,  and 

'  Thoagh  the  head  is  nearly  hemispherical  in  form,  its  margin,  aa  Humphry  has  shown,  is  by  no  means  a  true  circle. 
Its  gieatest  diameter  ia,  from  the  top  of  the  intertubercular  groove  in  a  direction  downward,  medialward,  and  back- 
wara.  Hence  it  follows  that  the  greatest  elevation  of  the  arm  can  be  obtained  by  rolling  the  articular  surface  in  this 
dinetioD — that  ia  to  say,  obliquely  upward,  lateralward,  and  forward. 
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is  directed  medialward  and  forward.  Above 
and  in  front  it  presents  an  impression  for  the 
insertion  of  the  tendon  of  the  Subscapularis. 

The  tubercles  are  separated  from  each  other 
by  a  deep  groove,  the  intertubercular  groove 
(bicipital  groove)  y  which  lodges  the  long  tendon 
of  the  Biceps  brachii  and  transmits  a  branch 
of  the  anterior  humeral  circumflex  artery  to 
the  shoulder-joint.  It  runs  obliquely  down- 
ward, and  ends  near  the  junction  of  the  upper 
with  the  middle  third  of  the  bone.  In  the 
recent  state  its  upper  part  is  covered  with  a 
thin  layer  of  cartilage,  lined  by  a  prolongation 
of  the  synovial  membrane  of  the  shoulder- 
joint;  its  lower  portion  gives  insertion  to  the 
tendon  of  the  Latissimus  dorsi.  It  is  deep 
and  narrow  above,  and  becomes  shallow  and 
a  little  broader  as  it  descends.  Its  lips  are 
called,  respectively,  the  crests  of  the  greater 
and  lesser  tubercles  {bicipital  ridges),  and  form 
the  upper  parts  of  the  anterior  and  medial 
borders  of  the  bodv  of  the  bone. 

The  Body  or  Shaft  (corpus  humeri).  —  The 
body  is  almost  cylindrical  in  the  upper  half  of 
its  extent,  prismatic  and  flattened  below,  and 
has  three  borders  and  three  surfaces. 

Borders. — ^The  anterior  border  runs  from  the 
front  of  the  greater  tubercle  above  to  the  coro- 
noid  fossa  below,  separating  the  antero-medial 
from  the  antero-lateral  surface.  Its  upper  part 
is  a  prominent  ridge,  the  cre^t  of  the  greater 
tubercle;  it  serves  for  the  insertion  of  the  tendon 
of  the  Pectoralis  major.  About  its  centre  it 
forms  the  anterior  boundar\^  of  the  deltoid 
tuberosity;  below,  it  is  smooth  and  rounded, 
affording  attachment  to  the  Brachialis. 

The  lateral  border  runs  from  the  back  part  of 
the  greater  tubercle  to  the  lateral  epicondyle, 
and  separates  the  antero-lateral  from  the  pos- 
terior surface.  Its  upper  half  is  rounded  and 
indistinctly  marked,  serving  for  the  attachment 
of  the  lower  part  of  the  insertion  of  the  Teres 
minor,  and  below  this  giving  origin  to  the  lateral 
head  of  the  Triceps  brachii;  its  centre  is  tra- 
versed by  a  broad  but  shallow  oblique  depres- 
sion, the  radial  sulcus  (muscuhspiral  groove). 
Its  lower  part  forms  a  prominent,  rough  margin, 
a  little  curved  from  behind  forward,  the  lateral 
sapracondylar  ridge,  which  presents  an  anterior 
lip  for  the  origin  of  the  Brachioradialis  above, 
and  Extensor  carpi  radialis  longus  below,  a 
posterior  lip  for  the  Triceps  brachii,  and  an 
intermediate  ridge  for  the  attachment  of  the 
iateraJ   intermuscular  septum. 
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Fig.  348. — Left  humerus.     Posterior  view. 
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The  medial  border  extends  from  the  lesser  tubercle  to  the  medial  epicondyle. 
Its  upper  third  consists  of  a  prominent  ridge,  the  crest  of  the  lesser  tubercle,  which 
gives  insertion  to  the  tendon  of  the  Teres  major.  About  its  centre  is  a  slight 
impression  for  the  insertion  of  the  Coracobrachialis,  and  just  below  this  is  the 
entrance  of  the  nutrient  canal,  directed  downward;  sometimes  there  is  a  second 
nutrient  canal  at  the  commencement  of  the  radial  sulcus.  The  inferior  third 
of  this  border  is  raised  into  a  slight  ridge,  the  medial  supracondylar  ridge,  which 
becomes  very  prominent  below;  it  presents  an  anterior  lip  for  the  origins  of  the 
Brachialis  and  Pronator  teres,  a  posterior  lip  for  the  medial  head  of  the  Triceps 
brachii,  and  an  intermediate  ridge  for  the  attachment  of  the  medial  intermuscular 
septiun. 

Surfaces. — ^The  antero-lateral  surface  is  directed  lateralward  above,  where  it  is 
smooth,  rounded,  and  covered  by  the  Deltoideus;  forward  and  lateralward  below, 
where  it  is  slightly  concave  from  above  downward,  and  gives  origin  to  part  of 
the  Brachialis.  About  the  middle  of  this  surface  is  a  rough,  triangular  elevation, 
the  deltoid  tuberosity  for  the  insertion  of  the  Deltoideus;  below  this  is  the  radial 
sulcus,  directed  obliquely  from  behind,  forward,  and  downward,  and  transmitting 
the  radial  nerve  and  profunda  artery. 

The  antero-medial  surface,  less  extensive  than  the  antero-lateral,  is  directed 
medial  ward  above,  forward  and  medialward  below;  its  upper  part  is  narrow,  and 
forms  the  floor  of  the  intertubercular  groove  which  gives  insertion  to  the  tendon  of 
the  Latissimusdorsi;  its  middle  part  is  slightly  rough  for  the  attachment  of  some 
of  the  fibres  of  the  tendon  of  insertion  of  the  Coracobrachialis;  its  lower  part 
is  smooth,  concave  from  above  downward,  and  gives  origin  to  the  Brachialis.^ 

The  posterior  surface  appears  somewhat  twisted,  so  that  its  upper  part  is  directed 
a  little  medialward,  its  lower  part  backward  and  a  little  lateralward.  Nearly 
the  whole  of  this  surface  is  covered  by  the  lateral  and  medial  heads  of  the  Triceps 
brachii,  the  former  arising  above,  the  latter  below  the  radial  sulcus. 

The  Lower  Extremity. — ^The  lower  extremity  is  flattened  from  before  backward, 
arid  curved  slightly  forward;  it  ends  below  in  a  broad,  articular  surface,  which  is 
divided  into  two  parts  by  a  slight  ridge.  Projecting  on  either  side  are  ihe  lateral 
and  medial  epicondyles.  The  articular  surface  extends  a  little  lower  than  the 
epicondyles,  and  is  curved  slightly  forward;  its  medial  extremity  occupies  a  lower 
level  than  the  lateral.  The  lateral  portion  of  this  surface  consists  of  a  smooth, 
rounded  eminence,  named  the  capitulum  of  the  humerus;  it  articulates  with  the  cup- 
shaped  depression  on  the  head  of  the  radius,  and  is  limited  to  the  front  and  lower 
part  of  the  bone.  On  the  medial  side  of  this  eminence  is  a  shallow  groove,  in  which 
is  received  the  medial  margin  of  the  head  of  the  radius.  Above  the  front  part 
of  the  capitulum  is  a  slight  depression,  the  radial  fossa,  which  receives  the  anterior 
border  of  the  head  of  the  radius,  when  the  forearm  is  flexed.  The  medial  portion 
of  the  articular  surface  is  named  the  trochlea,  and  presents  a  deep  depression  be- 
tween two  well-marked  borders;  it  is  convex  from  before  backward,  concave  from 
side  to  side,  and  occupies  the  anterior,  lower,  and  posterior  parts  of  the  extremity. 
The  lateral  border  separates  it  from  the  groove  which  articulates  with  the  margin 
of  the  head  of  the  radius.  The  medial  border  is  thicker,  of  greater  length,  and 
consequently  more  prominent,  than  the  lateral.  The  grooved  portion  of  the  artic- 
ular surface  fits  accurately  within  the  semilunar  notch  of  the  ulna;  it  is  broader  and 
deeper  on  the  posterior  than  on  the  anterior  aspect  of  the  bone,  and  is  inclined 

^  A  small,  hook-ahaped  process  of  bone,  the  tupraeondylar  process,  varying  from  2  to  20  mm.  in  length,  is  not  infre- 

Jiuently  found  projecting  from  the  antero-medial  surface  of  the  body  of  the  humerus  5  cm.  above  the  medial  epicondyle. 
t  is  curved  downward  and  forward,  and  its  pointed  end  is  connected  to  the  medial  border,  just  above  the  meoial 
epicondyle,  by  a  fibrous  band,  which  gives  ori^n  to  a  portion  of  the  Pronator  teres;  through  the  arch  completed  by 
this  fibrous  band  the  median  nerve  and  brachial  artery  pass,  when  these  structures  deviate  from  their  usual  course. 
Sometimes  the  nerve  alone  is  transmitted  through  it,  or  the  nerve  may  be  accompanied  by  the  ulnar  arteryi  in  cases 
of  high  division  of  the  brachial.  A  well-marked  groove  is  usually  found  behind  the  process,  in  which  the  nerve  and 
artery  are  lodged.  This  arch  is  the  homologue  of  the  supracondyloid  foramen  found  in  many  animals,  and  probably 
serves  in  them  to  protect  the  nerve  and  artery  from  compression  during  the  contraction  of  the  muscles  in  this  region. 
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obliquely  downward  and  forward  toward  the  medial  aide.  Above  the  front  part 
of  the  trochlea  is  a  small  depression,  the  eonmoid  fosaa,  which  receives  the  coronoid 
process  of  the  ulna  during  flexion  of  the  forearm.  Above  the  back  part  of  the  troch- 
lea is  a  deep  triangular  depression,  the  olecranon  fossa,  in  which  the  summit  of  the 
olecranon  is  received  in  extension  of  the  forearm.  These  fosste  are  separated  from 
one  another  by  a  thin,  transparent  lamina  of  bone,  which  is  sometimes  perforated 
by  a  sapratrocbleaT  foramen;  they  are  lined  in  the  recent  state  by  the  synovial 
membrane  of  the  elbow-joint,  and  their  margins  afford  attachment  to  the  anterior 
and  posterior  ligaments  of  this  articulation.  The  lateral  epicondjle  is  a  small, 
tuberculated  eminence,  curved  a  little  forward,  and  giving  attachment  to  the  radial 
coUateral  ligament  of  the  elbow-joint,  and  to  a  tendon  common  to  the  origin  of 
the  Supinator  and  some  of  the  Extensor  muscles.  The  medial  epicondyle,  larger 
and  more  prominent  than  the  lateral,  is  directed  a  little  backward;  it  gives  attach- 
ment to  the  ulnar  collateral  ligament  of  the  elbow-joint,  to  the  Pronator  teres, 
and  to  a  common  tendon  of  origin  of  some  of  the  Flexor  muscles  of  the  forearm; 
the  ulnar  nerve  runs  in  a  groove  on  the  back  of  this  epicondyle.  The  epieondyles 
are  continuous  above  with  the  supracondylar  ridges. 


». — The  extremities  consist  of  cancellous  tissue,  covered  with  a  thin,  compact  layer 
(Fig.  349};  thebody  in  compoeed  of  a  cylinder  of  compact  tissue,  thicker  at  the  centre  than  toward 
tbe  extranitiee,  and  contains  a  large  medullary  canal  which  extends  along  its  whole  length. 

Otdficatioii  (Figs.  350,  351).— Tbe  humerus  is  ossi- 
fied from  eight  centres,  one  for  each  of  the  following  Epiphyiial  line 
parts:  the  body,  the  head,  the  greater  tubercle,  the 
leeeer  tubercle,  the  capitulum,  the  trochlea,  and  one 
for  each  epicondyle.  The  centre  for  the  body  appears 
near  the  middle  of  the  bone  in  the  eighth  week  of  fetal 
life,  and  soon  extends  toward  the  extremities.  At  birth 
the  humerus  is  ossified  in  nearly  its  whole  length,  only 

the  extremities  remaining  cartilaginous.      During   tbe  I 

fiist  year,  sometimes  before  birth,  ossification  commences 
in  the  head  of  tbe  bone,  and  during  the  tiiird  year  the 
centre  for  tbe  greater  tubercle,  and  during  the  fifth  that 
for  the  leser  tubercle,  make  their  appearance.  By  the 
sixth  year  the  centres  for  the  head  and  tubercles  have 
jc»Qed,  so  as  to  form  a  sin^e  large  epiphysis,  which  fuses 
with  the  body  about  the  twentieth  year.  The  lower  end 
of  the  humerus  is  ossified  as  follows.  At  the  end  of 
the  second  year  ossification  begins  in  the  capitulum, 
and  extends  medialward,  to  fonn  tbe  chief  part  of  tbe 
articular  end  of  the  bone ;  the  centre  for  the  medial  part 
of  tbe  trochlea  appears  about  the  age  of  twelve.  Ossifi- 
catioD  begins  in  the  medial  epicondyle  about  the  fifth 
year,  and  in  the  lateral  about  the  thirteenth  or  foui^ 
teenth  year.  About  the  sixteenth  or  seventeenth  year, 
the  lateral  epicondyle  and  both  portions  of  the  articu- 
lating surface,  having  already  joined,  unite  with  the  Fio.  340.— LoDEitudinal  ■eotion  of  ti«ad  at 
body,  and  at  the  eighteenth  year  the  medial  epicon-  '"'*  humenu. 

dyle  becomes  joined  to  it. 

Artiealataons. — The  humerus  articulates  with  the  scapula,  ulna,  and  radius. 

AppUad  Anatomy. — There  are  several  points  of  surgical  interest  connected  with  the  ossification 
of  the  humerus.  The  upper  end,  though  the  first  to  ossify,  is  the  last  to  join  the  body,  and  the 
length  of  the  bone  is  mainly  due  to  growth  from  the  upper  epiphysial  plate.  Hence,  in  cases  of 
amputation  of  the  arm  in  young  subjects,  the  humerus  continues  to  grow  considerably,  and  the 
end  of  the  bone  which  immediately  after  the  operation  was  covered  with  a  thick  cushion  of  soft 
tinue  begins  to  project,  thinning  the  soft  parts  and  rendering  the  stump  conical.  This  may 
DeceeaitBte  the  removal  of  about  5  cm.  of  the  bone,  and  even  after  this  operation  a  recurrence 
of  the  conical  stump  may  take  place.  The  region  of  the  upper  epiphysis,  moreover,  is  the  common 
ate  for  the  growth  of  tumors,  both  innocent  and  mahgnant 

fVacturea  of  the  humerus  present  several  points  of  sui^cal  interest.  The  hone  may  be  broken 
by  direct  or  indirect  violence,  like  the  other  long  bones,  but,  in  addition  to  this,  it  is  probably 
more  frequently  fractured  by  muscular  action  than  any  other  bone  of  this  class.    It  is  usually 
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the  body,  just  below  the  insertion  of  the  Deltoideus,  which  is  thus  broken,  and  the  aecideot  has 
been  known  to  happen  from  throwing  a  stone.  Fractures  of  the  upper  end  may  take  place  either 
through  the  anatomical  or  surgical  neck,  or  a  separation  of  the  greater  tubercle  may  occur.  Frac- 
ture of  the  anatomical  neck  is  a  very  rare  accident;  in  fact,  it  is  doubted  by  some  whether  it  ever 
occurs.  Fracture  of  the  surpcal  neck  of  the  bone  is  not  uncommon,  and  impaction  may  occur; 
on  the  other  band,  the  upper  end  of  the  lower  fragment  may  be  displaced  into  the  axilla  and  may 
damage  the  vessels  or  nerves.  The  fracture  somewhat  closely  simulates  dislocation  of  the  shoulder- 
Joint,  but  can  be  distinguished  by  the  fact  that  the  head  of  the  bone  remains  in  its  normal  posi- 
tion and  the  great  tubercle  still  forms  the  most  prominent  point  of  the  shoulder.  Separation 
of  the  upper  epiphysis  sometimes  occurs  in  the  young  subject,  and  is  marked  by  a  characteriHtic 
deformity,  consisting  in  the  presence  of  an  abrupt  projection  at  the  front  of  the  joint  some  short 
distance  below  the  coracoid  process,  caused  by  the  upper  end  of  the  diaphysis.    In  fractures  of 
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Fia.  350.— Plan  o!  « 


the  body  of  the  humerus  the  lesion  may  take  place  at  any  point,  but  appears  to  be  m 
in  the  lower  than  the  upper  part  of  the  bone.  The  points  of  interest  in  connection  with  these 
fractures  are:  (1)  that  the  radial  nerve  may  be  injured  as  it  lies  in  the  groove  on  the  bone,  or 
may  become  involved  in  the  callus  which  is  subsequently  thrown  out;  and  (2)  the  frequency 
of  non-union,  which  is  beUeved  to  be  more  common  in  the  humerus  than  in  any  other  bone. 
An  important  distinction  to  make  in  fractures  of  the  lower  end  is  between  those  that  involve  the 
elbow-joint  and  those  which  do  not;  the  former  are  always  serious,  as  they  may  lead  to  impair- 
ment of  the  utility  of  the  limb;  they  include  the  T-shaped  fracture  and  oblique  fractures  which 
involve  the  articular  surface.  Those  which  do  not  involve  the  joint  are  the  transverse  fracture 
above  the  epicondyles,  and  the  so-called  epitrochlear  fracture,  where  the  tip  of  the  medial  epi- 
condyle  is  broken  ofl,  generally  from  direct  violence. 

The  Dlna  (Elbov  Bone). 

The  ulna  (Figs.  3o:i,  .■J54)  is  a  long  bone,  prismatic  in  form,  placed  at  the  medial 
side  of  the  forearm,  parallel  with  the  radius.  It  is  divisible  into  a  body  and 
two  extremitieB.     Its  upper  extremity,  of  great  thickness  and  strength,  forms 
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a  large  part  of  the  elbow-joint;  the  bone  diminishes  in  size  from  above  downward, 
its  lower  extremity  being  very  small,  and  excluded  from  the  wrist-joint  by  the 
interposition  of  an  articular  disk. 

The  npp0l  Eztrenuty  {proximal  extremity)  (Fig.  352).— The  upper  extremity 
presents  two  curved  processes,  the  olecranon  and  the  coronoid  process;  and  two 
concave,  articular  cavities,  the  semilunai  and  radial  notches. 

The  Olecranon  {okcranon  process). — The  olecranon  is  a  large,  thick,  curved 
eminence,  situated  at  the  upper  and  back  part  of  the  ulna.  It  is  bent  forward  at  the 
summit  so  as  to  present  a  prominent  lip  which  is  received  into  the  olecranon  fossa 
of  the  humerus  in  extension  of  the  forearm.  Its  base  is  contracted  where  it  joins  the 
bod\'  and  the  narrowest  part  of  the  upper  end  of  the  ulna.  Its  posterior  surface, 
directed  backward,  is  triangular,  smooth,  subcutaneous,  and  covered  by  a  bursa. 
Its  siqterior  surface  is  of  quadrilateral  form,  marked  behind  by  a  rough  impression  for 
the  insertion  of  the  Triceps  brachii ;  and  in  front,  near  the  margin,  by  a  slight  trans- 
verse groove  for  the  attachment  of  part  of  the  posterior  ligament  of  the  elbow-joint. 
Its  anterkv  soiface  is  smooth,  concave,  and 

forms  the  upper  part  of  the  semilunar  notch.  Ohcranon 

Its  borders  present  continuations  of  the  groove 
on  the  margin  of  the  superior  surface;  thej' 
serve  for  the  attachment  of  ligaments,  viz., 
the  back  part  of  the  ulnar  collateral  liga- 
ment medially,  and  the  posterior  ligament 
laterally.  From  the  medial  border  a  part 
of  the  Flexor  carpi  ulnaris  arises;  while  to 
the  lateral  border  the  Anconaeus  is  attached. 

The  Conoudd  Vnwa&.{process^is  coTonoideus).  ^ 

— The  coronoid  process  is  a  triangular  emi-  Coronoid 
nence  projecting  forward  from  the  upper  and  procae 
front  part  of  the  ulna.  Its  base  is  continuous 
with  the  bodj'  of  the  bone,  and  of  consider- 
able strength.  Its  ^Mz  is  pointed,  slightly 
curved  upward,  and  inflexion  of  the  forearm 
Ts  received  into  the  coronoid  fossa  of  the 
humerus.  Its  upper  surface  is  smooth,  con- 
cave, and  forms  the  lower  part  of  the  semi- 
lunar notch.  Its  antero-interior  surface  is 
conca^■e,  and  marked  bj'  a  rough  impression 

for  the  insertion  of  the  Brachialis.     At  the  ^"'  ^^  "^fcti  «^ct  "^  '^" "'"" 

junction  of  this  surface  with  the  front  of  the 

body  IS  a  rough  eminence,  the  tuberosity  of  the  ulna,  which  gives  insertion  to  a 
part  of  the  Brachialis;  to  the  lateral  border  of  this  tuberosity  the  oblique  cord  is 
attached.  Its  lateral  surface  presents  a  narrow,  oblong,  articular  depression,  the 
radial  notch.  Its  medial  snrtace,  by  its  prominent,  free  margin,  serves  for  the 
attachment  of  part  of  the  ulnar  collateral  ligament.  At  the  front  part  of  this 
surface  is  a  small  roimded  eminence  for  the  origin  of  one  head  of  the  Flexor 
digitorum  sublimis;  behind  the  eminence  is  a  depression  for  part  of  the  origin 
of  the  Flexor  digitorum  profundus;  descending  from  the  eminence  is  a  ridge  which 
gives  origin  to  one  head  of  the  Pronator  teres.  Frequently',  the  Flexor  pollicis 
longus  arises  from  the  lower  part  of  the  coronoid  process  by  a  rounded  bundle  of 
muscular  fibres. 

The  Semilunar  Notch  (incisura  semilunaris;  greater  sigmoid  cavity). — The  semi- 
lunar notch  is  a  large  depression,  formed  by  the  olecranon  and  the  coronoid  process, 
and  serving  for  articulation  with  the  trochlea  of  the  humerus.  About  the  middle 
o/  either  side  of  this  notch  is  an  indentation,  which  contracts  it  somewhat,  and 
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indicates  the  junction  of  the  olecranon  and  the  coronoid  process.  The  notch  is 
concave  from  above  downward,  and  divided  into  a  medial  and  a  lateral  portion  by 
a  smooth  ridge  running  from  the  summit  of  the  olecranon  to  the  tip  of  the  coronoid 
process.  The  medial  portion  is  the  larger,  and  is  slightly  concave  transversely; 
the  lateral  is  convex  above,  slightly  concave  below. 

The  Radial  Notch  {incisura  radialis;  lesser  sigmoid  cavity). — The  radial  notch 
is  a  narrow,  oblong,  articular  depression  on  the  lateral  side  of  the  coronoid  process; 
it  receives  the  circumferential  articular  surface  of  the  head  of  the  radius.  It  is 
concave  from  before  backward,  and  its  prominent  extremities  serve  for  the  attach- 
ment of  the  annular  ligament. 

The  Body  or  Shaft  (corpus  ulnae), — The  body  at  its  upper  part  is  prismatic 
in  form,  and  curved  so  as  to  be  convex  behind  and  lateralward;  its  central  part 
is  straight;  its  lower  part  is  rounded,  smooth,  and  bent  a  little  lateralward.  It 
tapers  gradually  from  above  downward,  and  has  three  borders  and  three  surfaces. 

Borders. — ^The  volar  border  (margo  volaris;  anterior  border)  begins  above  at  the 
prominent  medial  angle  of  the  coronoid  process,  and  ends  below  in  front  of  the 
styloid  process.  Its  upper  part>  well-defined,  and  its  middle  portion,  smooth  and 
rounded,  give  origin  to  the  Flexor  digitorum  profundus;  its  lower  fourth  serves 
for  the  origin  of  the  Pronator  quadratus.  This  border  separates  the  volar  from 
the  medial  surface. 

The  dorsal  border  (margo  dorsalis;  posterior  border)  begins  above  at  the  apex  of 
the  triangular  subcutaneous  surface  at  the  back  part  of  the  olecranon,  and  ends 
below  at  the  back  of  the  styloid  process;  it  is  well-marked  in  the  upper  three- 
fourths,  and  gives  attachment  to  an  aponeurosis  which  affords  a  common  origin  to 
the  Flexor  carpi  ulnaris,  the  Extensor  carpi  ulnaris,  and  the  Flexor  digitorum  pro- 
fundus; its  lower  fourth  is  smooth  and  rounded.  This  border  separates  the  medial 
from  the  dorsal  surface. 

The  interosseous  crest  (crista  inter ossea;  external  or  interosseous  border)  begins 
above  by  the  union  of  two  lines,  which  converge  from  the  extremities  of  the  radial 
notch  and  enclose  between  them  a  triangular  space  for  the  origin  of  part  of  the 
Supinator;  it  ends  below  at  the  head  of  the  ulna.  Its  upper  part  is  sharp,  its  lower 
fourth  smooth  and  rounded.  This  crest  gives  attachment  to  the  interosseous  mem- 
brane, and  separates  the  volar  from  the  dorsal  surface. 

Surfaces. — The  volar  surface  (fades  volaris;  anterior  surface),  much  broader 
above  than  below,  is  concave  in  its  upper  three-fourths,  and  gives  origin  to  the 
Flexor  digitorum  profundus;  its  lower  fourth,  also  concave,  is  covered  by  the 
Pronator  quadratus.  The  lower  fourth  is  separated  from  the  remaining  portion 
by  a  ridge,  directed  obliquely  downward  and  medialward,  which  marks  the  extent 
of  origin  of  the  Pronator  quadratus.  At  the  junction  of  the  upper  with  the 
middle  third  of  the  bone  is  the  nutrient  canal,  directed  obliquely  upward. 

The  dorsal  surface  (fades  dorsalis;  posterior  surface)  directed  backward  and 
lateralward,  is  broad  and  concave  above;  convex  and  somewhat  narrower  in  the 
middle;  narrow,  smooth,  and  rounded  below.  On  its  upper  part  is  an  oblique 
ridge,  which  runs  from  the  dorsal  end  of  the  radial  notch,  downward  to  the  dorsal 
border;  the  triangular  surface  above  this  ridge  receives  the  insertion  of  the 
Anconaeus,  while  the  upper  part  of  the  ridge  affords  attachment  to  the  Supinator. 
Below  this  the  surface  is  subdivided  by  a  longitudinal  ridge,  sometimes  called  the 
perpendicular  line,  into  two  parts:  the  medial  part  is  smooth,  and  covered  by  the 
Extensor  carpi  ulnaris;  the  lateral  portion,  wider  and  rougher,  gives  origin  from 
above  downward  to  the  Supinator,  the  Abductor  poUicis  longus,  the  Extensor  pollicis 
longus,  and  the  Extensor  indicis  proprius. 

The  medial  surface  (fades  medialis;  internal  surface)  is  broad  and  concave 
above,  narrow  and  convex  below.  Its  upper  three-fourths  give  origin  to  the 
Flexor  digitorum  profundus;  its  lower  fourth  is  subcutaneous. 
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The  Loww  Eztremitr  (distal  artremiiy).— The  lower  extremity'  of  the  ulna  is 
small,  and  presents  two  eminences;  the  lateral  and  larger  is  a  rounded,  articulat 
eminence,  termed  the  head  of  the  ulna;  the  medial,  narrower  and  more  projecting, 
is  a  non-articular  eminence,  the  styloid  process.  The  head  presents  an  articular 
surface,  part  of  which,  of  an  oval  or  semilunar  form,  is  directed  downward,  and 
articulates  with  the  upper  surface  of  the  triangular  articular  disk  which  separates  it 
from  the  wrist-joint;  the  remaining  portion,  directed  lateralward,  is  narrow,  convex, 
and  received  into  the  ulnar  notch  of  the  radius.  The  styloid  process  projects  from 
the  medial  and  back  part  of  the  bone;  it  descends  a  little  lower  than  the  head, 
and  its  rounded  end  affords  attachment  to  the  ulnar  collateral  ligament  of  the 
wrist-joint.  The  head  is  separated  from  the  styloid  process  by  a  depression  for 
the  attachment  of  the  apex  of  the  triangular  articular  disk,  and  behind,  by  a  shallow 
groove  for  the  tendon  of  the  Extensor  carpi  ulnaris. 

Olecranon 
Appear*  at  _  toiiu  body  at 

I'nth  year  sixteenth  ijear 


-PlsD  of  onificstioa  of  tbe  uliA.  Flo.  35(1.— Epiphyeinl  linn 

— The  Structure  of  the  ulna  ia  similar  to  that  of  the  other  long  boDes. 

n  (FigH.  355, 356).^Theulnfti8  osBified  f rom  (Aree  centres:  one  each  for  the  body,  the 
inferior  extremity,  and  the  top  of  the  olecranon.  Ossilicatian  begins  near  the  middle  of  the  body, 
about  the  eighth  week  of  fetal  life,  and  hood  extends  through  the  greater  part  of  the  bone.  At  birth 
the  ends  arc  cartilaginous.  About  the  fourth  year,  a  centre  appears  in  the  middle  of  the  head, 
and  soon  extends  into  the  styloid  process.  About  the  tenth  year,  a  centre  appears  in  the  olecranon 
near  its  extremity,  the  chief  part  of  this  process  being  formed  by  an  upward  extension  of  the  body. 
The  upper  epiphysis  joins  the  body  about  the  sixteenth,  the  lower  about  the  twentieth  year. 
ArtJcnlatJODB. — The  ulna  articulates  with  the  humerus  and  radius. 

The  Badius. 

The  radios  (Figs.  353,  354)  is  situated  on  the  lateral  side  of  the  ulna,  which 
exceeds  it  in  length  and  size.  Its  upper  end  is  small,  and  forms  only  a  small  part 
of  the  elbow-joint;  but  its  lower  end  is  large,  and  forms  the  chief  part  of  the  wrist- 
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joint.  It  is  a  long  bone,  prismatic  in  form  and  slightly  curved  longitudinally.  It 
has  a  body  and  two  extremities. 

The  Upper  Extremity  {proximal  extremity), — ^The  upper  extremity  presents  a 
head,  neck,  and  tuberosity.  The  head  is  of  a  cylindrical  form,  and  on  its  upper 
surface  is  a  shallow  cup  or  fovea  for  articulation  with  the  capitulum  of  the  humerus. 
The  circumference  of  the  head  is  smooth;  it  is  broad  medially  where  it  articulates 
with  the  radial  notch  of  the  ulna,  narrow  in  the  rest  of  its  extent,  which  is  embraced 
by  the  annular  ligament.  The  head  is  supported  on  a  round,  smooth,  and  con- 
stricted portion  called  the  neck,  on  the  back  of  which  is  a  slight  ridge  for  the  inser- 
tion of  part  of  the  Supinator.  Beneath  the  neck,  on  the  medial  side,  is  an  eminence, 
the  radial  tuberosity;  its  surface  is  divided  into  a  posterior,  rough  portion,  for  the 
insertion  of  the  tendon  of  the  Biceps  brachii,  and  an  anterior,  smooth  portion,  on 
which  a  bursa  is  interposed  between  the  tendon  and  the  bone. 

The  Body  or  Shaft  {corpus  radii). — ^The  body  is  prismoid  in  form,  narrower 
above  than  below,  and  slightly  curved,  so  as  to  be  convex  lateralward.  It  presents 
three  borders  and  three  surfaces. 

Borders. — ^The  volar  border  {margo  volaris;  anterior  border)  extends  from  the  lower 
part  of  the  tuberosity  above  to  the  anterior  part  of  the  base  of  the  styloid  process 
below,  and  separates  the  volar  from  the  lateral  surface.  Its  upper  third  is  promi- 
nent, and  from  its  oblique  direction  has  received  the  name  of  the  obliqne  line  of  the 
radius ;  it  gives  origin  to  the  Flexor  digitorum  sublimis  and  Flexor  poUicis  longus;  the 
surface  above  the  line  gives  insertion  to  part  of  the  Supinator.  The  middle  third  of 
the  volar  border  is  indistinct  and  rounded.  The  lower  fourth  is  prominent,  and  gives 
insertion  to  the  Pronator  quadratus,  and  attachment  to  the  dorsal  carpal  ligament; 
it  ends  in  a  small  tubercle,  into  which  the  tendon  of  the  Brachioradialis  is  inserted. 

The  dorsal  border  {margo  dorsalis;  posterior  border)  begins  above  at  the  back  of 
the  neck,  and  ends  below  at  the  posterior  part  of  the  base  of  the  styloid  process; 
it  separates  the  posterior  from  the  lateral  surface.  It  is  indistinct  above  and  below, 
but  well-marked  in  the  middle  third  of  the  bone. 

The  interosseous  crest  {crista  interossea;  internal  or  interosseous  border)  begins 
above,  at  the  back  part  of  the  tuberosity,  and  its  upper  part  is  rounded  and  indis- 
tinct; it  becomes  sharp  and  prominent  as  it  descends,  and  at  its  lower  part  divides 
into  two  ridges  which  are  continued  to  the  anterior  and  posterior  margins  of  the 
ulnar  notch.  To  the  posterior  of  the  two  ridges  the  lower  part  of  the  interosseous 
membrane  is  attached,  while  the  triangular  surface  between  the  ridges  gives  inser- 
tion to  part  of  the  Pronator  quadratus.  This  crest  separates  the  volar  from  the 
dorsal  surface,  and  gives  attachment  to  the  interosseous  membrane. 

Surface. — ^The  volar  surface  {fades  volaris;  anterior  surface)  is  concave  in  its 
upper  three-fourths,  and  gives  origin  to  the  Flexor  pollicis  longus ;  it  is  broad  and  flat 
in  its  lower. fourth,  and  affords  insertion  to  the  Pronator  quadratus.  A  prominent 
ridge  limits  the  insertion  of  the  Pronator  quadratus  below,  and  between  this  and 
the  inferior  border  is  a  triangular  rough  surface  for  the  attachment  of  the  volar 
radiocarpal  ligament.  At  the  junction  of  the  upper  and  middle  thirds  of  the 
volar  surface  is  the  nutrient  foramen,  which  is  directed  obliquely  upward. 

The  dorsal  surface  {fades  dorsalis;  posterior  surface)  is  convex,  and  smooth  in 
the  upper  third  of  its  extent,  and  covered  by  the  Supinator.  Its  middle  third  is 
broad,  slightly  concave,  and  gives  origin  to  the  Abductor  pollicis  longus  above, 
and  the  Extensor  pollicis  brevis  below.  Its  lowxr  third  is  broad,  convex,  and 
covered  by  the  tendons  of  the  muscles  which  subsequently  run  in  the  grooves  on 
the  lower  end  of  the  bone. 

The  lateral  surface  {fades  lateralis;  external  surface)  is  convex  throughout  its 
entire  extent.  Its  upper  third  gives  insertion  to  the  Supinator.  About  its  centre  is 
a  rough  ridge,  for  the  insertion  of  the  Pronator  teres.  Its  lower  part  is  narrow,  and 
covered  by  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis. 
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The  Lower  Extremity. — ^The  lower  extremity  is  large,  of  quadrilateral  form, 
and  provided  with  two  articular  surfaces — one  below,  for  the  carpus,  and  another 
at  the  medial  side,  for  the  ulna.  The  carpal  articular  surface  is  triangular,  concave, 
smooth,  and  divided  by  a  slight  antero-posterior  ridge  into  two  parts.  Of  these, 
the  lateral,  triangular,  articulates  with  the  navicular  bone;  the  medial,  quadri- 
lateral, with  the  lunate  bone.  The  articular  surface  for  the  ulna  is  called  the  ulnar 
notch  {sigmoid  cavity)  of  the  radius;  it  is  narrow,  concave,  smooth,  and  articulates 
with  the  head  of  the  ulna.  These  two  articular  surfaces  are  separated  by  a  promi- 
nent ridge,  to  which  the  base  of  the  triangular  articular  disk  is  attached;  this  disk 
separates  the  wrist-joint  from  the  distal  radioulnar  articulation.  This  end  of  the 
bone  has  three  non-articular  surfaces — volar,  dorsal,  and  lateral.  The  volar  surface, 
rough  and  irregular,  affords  attachment  to  the  volar  radiocarpal  ligament.  The 
dorsal  surface  is  convex,  affords  attachment  to  the  dorsal  radiocarpal  ligament, 
and  is  marked  by  three  grooves.  Enumerated  from  the  lateral  side,  the  first 
groove  is  broad,  but  shallow,  and  subdivided  into  two  by  a  slight  ridge;  the  lateral 
of  these  two  transmits  the  tendon  of  the  Extensor  carpi  radialis  longus,  the  medial 
the  tendon  of  the  Extensor  carpi  radialis  brevis.  The  second  is  deep  but  narrow, 
and  bounded  laterally  by  a  sharply  defined  ridge;  it  is  directed  obliquely  from  above 
downward  and  lateral  ward,  and  transmits  the  tendon  of  the  Extensor  pollicis 
longus:  The  third  is  broad,  for  the  passage  of  the  tendons  of  the  Extensor  indicis 
proprius  and  Extensor  digitorum  communis.  The  lateral  surface  is  prolonged 
obliquely  downward  into  a  strong,  conical  projection,  the  styloid  process,  which 
gives  attachment  by  its  base  to  the  tendon  of  the  Brachioradialis,  and  by  its  apex 
to  the  radial  collateral  ligament  of  the  wrist-joint.  The  lateral  surface  of  this 
process  is  marked  by  a  flat  groove,  for  the  tendons  of  the  Abductor  pollicis  longus 
and  Extensor  pollicis  brevis. 

SUmeture. — The  structure  of  the  radius  is  like  that  of  the  other  long  bones. 

Ossification  (Figs.  357,  358). — The  radius  is  ossified  from  three  centres:  one  for  the  body, 
and  one  for  either  extremity.  That  for  the  body  makes  its  appearance  near  the  centre  of  the  bone, 
during  the  eighth  week  of  fetal  life.  About  the  end  of  the  second  year,  ossification  commences 
in  the  lower  end;  and  at  the  fifth  year,  in  the  upper  end.  The  upper  epiphysis  fuses  with  the 
body  at  the  age  of  seventeen  or  eighteen  years,  the  lower  about  the  age  of  twenty.  An  additional 
centre  sometimes  found  in  the  radial  tuberosity,  appears  about  the  fourteenth  or  fifteenth  year. 

Articnlatioiui. — ^The  radius  articulates  with  four  bones:  the  himnerus,  ulna,  navicular,  and 
lunate. 

Apidied  Anatomy  of  the  Ulna  and  Radius. — The  two  bones  of  the  forearm  are  more  often 
broken  together,  than  is  either  the  radius  or  ulna  separately.  It  is  therefore  convenient  to  con- 
sider in  the  first  instance  the  fractures  of  both  bones  and  subsequently  the  principal  fractures 
which  take  place  in  either  bone.  Fractures  of  both  bones  may  be  produced  by  either  direct  or 
indirect  violence,  though  more  commonly  by  direct  violence.  When  indirect  force  is  applied  to 
the  forearm  the  radius  as  a  rule  gives  way,  though  both  bones  may  suffer.  Fracture  from  indirect 
force  generally  takes  place  somewhere  about  the  middle  of  the  bones,  while  that  from  direct 
\'iolence  may  occur  at  any  part,  but  is  most  frequent  in  the  lower  half  of  the  bones.  The  fracture 
is  usually  transverse,  but  may  be  more  or  less  oblique.  A  point  of  interest  in  connection  with 
these  fractures  is  the  tendency  for  the  two  bones  to  unite  across  the  interosseous  membrane; 
the  limb  should  therefore  be  put  up  in  a  position  midway  between  supination  and  pronation, 
which  is  not  only  the  most  comfortable  position,  but  also  separates  the  bones  most  widely  from 
each  other.  Anterior  and  posterior  splints  are  applied  in  these  cases,  and  should  be  rather  wider 
than  the  limb,  so  as  to  prevent  any  side  pressure  on  the  bones. 

The  special  fractures  of  the  ulna  are:  (1)  Fracture  of  the  olecranon,  which  is  usually  caused 
by  direct  violence,  by  falls  on  the  elbow  with  the  forearm  flexed,  but  occasionally  by  muscular 
action  in  sudden  contraction  of  the  Triceps  brachii;  the  most  common  site  of  this  fracture  is  at 
the  constricted  portion  where  the  olecranon  joins  the  body  of  the  bone,  and  the  fracture  is  usually 
transverse;  but  any  part  may  be  broken,  and  even  a  thin  shell  may  be  torn  off.  Fractures  from 
direct  violence  are  occasionally  conuninuted.  If  the  fibrous  structures  around  the  process  are 
not  torn  the  displacement  is  slight,  otherwise  the  olecranon  may  be  drawn  up  for  a  very  consider- 
able distance.  (2)  Fracture  of  the  coronoid  process  may  occur  as  a  complication  of  dislocation 
backward  of  the  bones  of  the  forearm,  but  it  is  doubtful  if  it  ever  takes  place  as  an  uncomplicated 
injury.    (3)  Fractures  of  the  body  of  the  ulna  may  occur  at  any  part,  but  usually  take  place  at 
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or  a  little  below  the  aiid<il6  of  the  bone.  They  are  generally  the  result  of  direct  violence,  but  may 
occur  SM  a  complication  of  diBlocation  of  the  radius.  (4)  The  styloid  proceBB  may  be  knocked 
off  by  direct  violence. 

Fractures  of  the  radius  may  consist  of:  (1)  Fracture  of  the  head  of  the  bone;  this  for  the  most 
part  takes  place  in  conjunction  with  some  other  lesion,  but  may  occur  as  an  uncomplicated  injury. 
(2)  Fracture  of  the  neck  also  may  occur,  but  is  usually  complicated  with  other  injury.  (3)  Frac- 
tures of  the  body  of  the  radius  are  very  common,  and  may  take  place  at  any  part  of  the  bone. 
They  may  be  caused  by  direct  or  indirect  violence.  In  fracture  of  the  upper  third  of  the  body — 
that  is  to  say,  above  the  insertion  of  the  Pronator  teres — the  displacement  is  very  great.  The 
upr>er  fragment  is  strongly  supinated  by  the  biceps  and  supinator  and  flexed  by  the  biceps; 
while  the  lower  fragment  is  pronated  and  drawn  toward  the  ulna  by  the  two  pronators.  If  such 
a  fracture  be  put  up  in  the  ordinary  position,  midway  between  supination  and  pronation,  the 
bone  will  unite  with  the  upper  fragment  in  a  position  of  supination,  and  the  lower  one  in  the  mid- 
IKNsition,  and  thus  considerable  impairment  of  the  movement  of  supination  will  result;  the  limb 
should  therefore  be  put  up  with  the  forearm  supinated.    (4)  The  most  important  fracture  of  the 
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Fiu.  357.— Plan  of  oaaifioation  of  the  radiua. 
From  throe  oentrea. 


Fio.  358. — Epiph^al  lines  of  radius  in  a  young 
adult.  Anterior  amot.  The  line  of  attachment  of  the 
articular  capsule  of  the  wrist- joint  is  in  blue. 


radius  is  that  of  the  lower  end  {ColM  fracture).  The  fracture  is  transverse,  and  generally  takes 
place  about  2.5  cm.  from  the  lower  extremity.  It  is  caused  by  falls  on  the  palm  of  the  hand,  and 
in  an  injury  of  advanced  life,  occurring  more  frequently  in  the  female  than  in  the  male.  In  conse- 
quence of  the  manner  in  which  the  fracture  is  caused,  the  upper  fragment  is  driven  into  the  lower, 
and  impaction  commonly  is  the  result;  excess  of  violence  may,  however,  disimpact,  the  lower 
fragment  being  split  into  two  or  more  pieces,  so  that  no  fixation  occurs.  Separation  of  the  lower 
epiphysis  of  the  radius  may  take  place  in  the  young.  This  injury  and  Colles'  fracture  may  be 
distinguished  from  other  injuries  in  this  neighborhood — especiaUy  dislocation  of  the  wrist,  with 
which  they  are  liable  to  be  confounded — by  observing  the  relative  positions  of  the  styloid  processes 
of  the  ulna  and  radius.  In  the  natural  conditions  of  parts,  with  the  arm  hanging  by  the  side, 
the  styloid  process  of  the  radius  is  on  a  lower  level  than  that  of  the  ulna.  After  fractiu^  or  separa- 
tion of  the  epiphysis  the  styloid  process  of  the  radius  is  on  the  same  level  as,  or  on  a  higher  level 
tluui,  that  of  tiio  ulna,  whereas  it  would  be  unaltered  in  position  in  dislocation.  Reduction  in  the 
cjuso  of  ColU\**'  fracture  is  usually  easily  effected  by  traction  on  the  hand,  the  limb  being  subse- 
quontly  splint tnl  with  the  hw>d  deflected  toward  the  ulnar  side. 
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THE  HAND. 


The  skeleton  of  the  hand  (Figs.  359,  360)  is  subdivided  into  three  segments:  the 
carpus  or  wrist  bones;  the  metacarpus  or  bones  of  the  pahn;  and  the  phalanges  or 
bcmes  of  the  digits. 

The  Carpus  (Ossa  Carpi). 

The  carpal  bones,  eight  in  number,  are  arranged  in  two  rows.  Those  of  the 
proximal  row%  from  the  radial  to  the  ulnar  side,  are  named  the  navicular,  lunate, 
triangular,  and  pisiform;  those  of  the  distal  row,  in  the  same  order,  are  named  the 
greater  multangular,  lesser  multangular,  capitate,  and  hamate. 

Common  Characteristics  of  the  Carpal  Bones. — Each  bone  (excepting  the  pisi- 
form) presents  six  surfaces.  Of  these  the  volar  or  anterior  and  the  dorsal  or  posterior 
surfaces  are  rough,  for  ligamentous  attachment;  the  dorsal  surfaces  being  the 
broader,  except  in  the  navicular  and  lunate.  The  superior  or  proximal,  and  inferior 
or  distal  surfaces  are  articular,  the  superior  generally  convex,  the  inferior  concave; 
the  medial  and  lateral  surfaces  are  also  articular  where  they  are  in  contact  with 
contiguous  bones,  otherwise  they  are  rough  and  tuberculated.  The  structure  !n 
all  is  similar,  viz.,  cancellous  tissue  enclosed  in  a  layer  of  compact  bone. 

Bones  of  the  Proximal  Bow  {upper  row) . — The  Navicular  Bone  (os  naviculare  manus; 
scaphoid  bone)  (Fig.  361). — ^The  navicular  bone  is  the  largest  bone  of  the  proximal 
row^,  and  has  received  its  name  from  its  fancied  resemblance  to  a  boat.  It  is  situated 
at  the  radial  side  of  the  carpus,  its  long  axis  being  from  above  downward,  lateralward, 
and  forward.  The  superior  surface  is  convex,  smooth,  of  triangular  shape,  and  artic- 
ulates with  the  lower  end  of  the  radius.  The  inferior  surface,  directed  downward, 
lateralward,  and  backward,  is  also  smooth,  convex,  and  triangular,  and  is  divided 
by  a  slight  ridge  into  two  parts,  the  lateral  articulating  with  the  greater  multangu- 
lar, the  medial  with  the  lesser  multangular.  On  the  dorsal  surface  is  a  narrow, 
rough  groove,  which  runs  the  entire  length  of  the  bone,  and  serves  for  the  attach- 
ment of  ligaments.  The  volar  surface  is  concave  above,  and  elevated  at  its  lower 
and  lateral  part  into  a  rounded  projection,  the  tubercle,  which  is  directed  forward 
and  gives  attachment  to  the  transverse  carpal  ligament  and  sometimes  origin  to 
a  few  fibres  of  the  Abductor  pollicis  brevis.  The  lateral  surface  is  rough  and  narrow, 
and  gives  attachment  to  the  radial  collateral  ligament  of  the  wTist.  The  medial 
surface  presents  two  articular  facets;  of  these,  the  superior  or  smaller  is  flattened 
of  semilunar  form,  and  articulates  with  the  lunate  bone;  the  inferior  or  larger  is 
concave,  forming  with  the  lunate  a  concavity  for  the  head  of  the  capitate  bone. 

Artienlatioiui. — The  navicular  articulates  with  five  bones:   the  radius  proximally,  greater  and 
multangulars  distally,  and  capitate  and  lunate  medially. 


The  Lunate  Bone  {os  lunatum;  semilunar  bone)  (Fig.  362). — The  lunate  bone  may 
be  distinguished  by  its  deep  concavity  and  crescentic  outline.  It  is  situated  in 
the  centre  of  the  proximal  row  of  the  carpus,  between  the  navicular  and  triangular. 
The  superior  surface,  convex  and  smooth,  articulates  with  the  radius.  The  inferior 
surface  is  deeply  concave,  and  of  greater  extent  from  before  backward  than  trans- 
versely: it  articulates  with  the  head  of  the  capitate,  and,  by  a  long,  narrow  facet 
(separated  by  a  ridge  from  the  general  surface),  with  the  hamate.  The  dorsal 
and  volar  surfaces  are  rough,  for  the  attachment  of  ligaments,  the  former  being 
the  broader,  and  of  a  somewhat  rounded  form.  The  lateral  surface  presents  a 
narrow,  flattened,  semilunar  facet  for  articulation  with  the  navicular.  The  medial 
surface  is  marked  by  a  smooth,  quadrilateral  facet,  for  articulation  with  the 
triangular. 

Articulations. — ^The  lunate  articulates  with  five  bones:    the  radius  proximally,  capitate  and 
hamate  distally,  navicular  laterally,  and  triangular  medially. 
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The  Trlangulai  Bone  (oa  triquetum;  cuneiform  bone)  (Fig.  363). — The  triangular 
bone  may  be  distinguished  by  its  pyramidal  shape,  and  by  an  oval  isolated  facet 
for  articulation  with  the  pisiform  bone.  It  is  situated  at  the  upper  and  ulnar  side 
of  the  carpus.  The  superior  snitace  presents  a  medial,  rough,  non-articular  portion, 
and  a  lateral  convex  articular  portion  which  articulates  with  the  triangular  articular 
disk  of  the  wrist.  The  ioletior  surface,  directed  lateralward,  is  concave,  sinuously 
curved,  and  smooth  for  articulation  with  the  hamate.    The  iantl  anrfaee  is  rough 
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for  the  attachment  of  ligaments.  The  volar  soitace  presents,  on  its  medial  part, 
an  oval  facet,  for  articulation  with  the  pisiform;  its  lateral  part  is  rough  for  liga- 
mentous attachmeot.  The  lateral  gnrface,  the  base  of  the  pyramid,  is  marked  by  a 
flat,  quadrilateral  facet,  for  articulation  with  the  lunate.  The  medial  surface, 
the  summit  of  the  pyramid,  is  pointed  and  roughened,  for  the  attachment  of  the 
ulnar  collateral  ligament  of  the  wrist. 


f  n^v 
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AiticalfttbHU.— The  trianguUr  articulates  with  Uiree  boaee:    the  lunate  laterally,  the  pisitorm 

in  front,  the  hamate  diBtally;  and  with  the  triangular  articular  disk  which  separates  it  from  the 
lower  end  of  the  ulna. 

For  radiut 


leaaer  multangular 
Fta.  aei.— Ttae  left  naviculu  booa. 

The  Piailonn  Bone  (os  ptsiforme)  (Fig.  364), — The  pisiform  bone  may  be  known 
by  its  small  size,  and  by  its  presenting  a  single  articular  facet.  It  is  situated  on  a 
plane  anterior  to  the  other  carpal  bones  and  is  spheroidal  in  form.    Its  dorsal 


For  hamate      For  capilaU 

Fia.  362.— Ths  left  lunate  bene. 

snrfaee  presents  a  smooth,  oval  facet,  for  articulation  with  the  triangular :  this  facet 
approaches  the  superior,  but  not  the  inferior  border  of  the  bone.  The  TOlar  surface 
is  rounded  and  rough,  and  gi\'es  attachment  to  the  transverse  carpal  ligament. 


and  to  the  Flexor  carpi  ulnaris  and  Abductor  digit!  quinti.    The  lateral  and  medial 
BUitaces  are  also  rough,  the  former  being  concave,  the  latter  usually  convex. 
Aiticalatlon. — The  pisiform  articulates  with  one  bone,  the  triangular. 


For  la  tiuiacarpal 


Bones  of  the  Distal  Bov  (lower  row). — The  Oreater  Multanfular  Bone  (o»  mul- 
tangulum  majus;  trapeziuw)  (Fig.  365). — The  greater  multangular  bone  may  be 
distinguished  by  a  deep  groove  on  its  volar  surface.    It  is  situated  at  the  radial 
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side  of  the  carpus,  between  the  navicular  and  the  first  metacarpal  bone.  The 
SQperior  surface  is  directed  upward  and  medialward;  medially  it  is  smooth,  and 
articulates  with  the  navicular;  laterally  it  is  rough  and  continuous  with  the  lateral 
surface.  The  iziferior  surface  is  oval,  concave  from  side  to  side,  convex  from  before 
backward,  so  as  to  form  a  saddle-shaped  surface  for  articulation  with  the  base 
of  the  first  metacarpal  bone.  The  dorsal  surface  is  rough.  The  Yolar  surface  is 
narrow  and  rough.  At  its  upper  part  is  a  deep  groove,  running  from  above  obliquely 
downward  and  medialward;  it  transmits  the  tendon  of  the  Flexor  carpi  radialis, 
and  is  bounded  laterally  by  an  oblique  ridge.  This  surface  gives  origin  to  the 
Opponens  poUicis  and  to  the  Abductor  and  Flexor  poUicis  brevis;  it  also  affords 
attachment  to  the  transverse  carpal  ligament.  The  lateral  surface  is  broad  and 
rough,  for  the  attachment  of  ligaments.  The  medial  surface  presents  two  facets; 
the  upper,  large  and  concave,  articulates  with  the  lesser  multangular;  the  lower, 
small  and  oval,  with  the  base  of  the  second  metacarpal. 


For  navicular 


Volar        For  greater 
surface      midtan/jfular 


I. — The  greater  multangular  articulates  with  four  bones :   the  navicular  proximally, 
the  fiist  metacarpal  distally,  and  the  lesser  multangular  and  second  metacarpal  medially. 

The  Lesser  Multangular  Bone  {os  multangulum  minus;  trapezoid  hone)  (Fig.  366). 
— ^The  lesser  multangular  is  the  smallest  bone  in  the  distal  tow.  It  may  be  known 
by  its  wedge-shaped  form,  the  broad  end 
of  the  wedge  constituting  the  dorsal,  the 
narrow  end  the  volar  surface;  and  by  its 
having  four  articular  facets  touching  each 
other,  and  separated  by  sharp  edges. 
The  superior  surface,  quadrilateral,  smooth, 
and  slightly  concave,  articulates  with  the 
navicular.  The  iziferior  surface  articulates 
with  the  proximal  end  of  the  second 
metacarpal  bone;  it  is  convex  from  side 
to  side,  concave  from  before   backward 

and  subdivided  by  an  elevated  ridge  into  two  unequal  facets.  The  dorsal  and 
Tolar  surfaces  are  rough  for  the  attachment  of  ligaments,  the  former  being  the 
larger  of  the  two.  The  lateral  surface,  convex  and  smooth,  articulates  with  the 
greater  multangular.  The  medial  surface  is  concave  and  smooth  in  front,  for 
articulation  with  the  capitate;  rough  behind,  for  the  attachment  of  an  inter- 
osseous ligament. 

Articulations. — The  lesser  multangular  articulates  with  four  bones:    the  navicular  proximally, 
second  metacarpal  distally,  greater  multangular  laterally,  and  capitate  medially. 


Dorsal  For  For  2nd 

surface      capitate  metacarpal 

FiQ.  366. — The  left  leeser  multangular  bone. 
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For  2nd     metacarpal 
metacarpal 


For  4:th  metacarpal 
FiQ.  367. — The  left  capitate  bone. 


Volar  surface 


The  Capitate  Bone  {os  capitatum;  os  magnum)  (Fig.  367). — ^The  capitate  bone 
is  the  largest  of  the  carpal  bones,  and  occupies  the  centre  of  the  wrist.  It  presents, 
above,  a  rounded  portion  or  head,  which  is  received  into  the  concavity  formed  by 
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the  navicular  and  lunate;  a  constricted  portion  or  neck;  and  below  this,  the  body. 
The  superior  surface  is  round,  smooth,  and  articulates  with  the  lunate.  The  inferior 
surface  is  divided  by  two  ridges  into  three  facets,  for  articulation  w4th  the  second, 
third,  and  fourth  metacarpal  bones,  that  for  the  third  being  the  largest.  The 
dorsal  surface  is  broad  and  rough.  The  volar  surface  is  narrow,  rounded,  and  rough, 
for  the  attachment  of  ligaments  and  a  part  of  the  Adductor  pollicis  obliquus. 
The  lateral  surface  articulates  with  the  lesser  multangular  by  a  small  facet  at 
its  anterior  inferior  angle,  behind  which  is  a  rough  depression  for  the  attach- 
ment of  an  interosseous  ligament.  Above  this  is  a  deep,  rough  groove,  forming 
part  of  the  neck,  and  serving  for  the  attachment  of  ligaments;  it  is  bounded  supe- 
riorly by  a  smooth,  convex  surface,  for  articulation  with  the  navicular.  The  medial 
surface  articulates  with  the  hamate  by  a  smooth,  concave,  oblong  facet,  which 
occupies  its  posterior  and  superior  parts;  it  is  rough  in  front,  for  the  attachment 
of  an  interosseous  ligament. 

Articulations. — The  capitate  articulates  with  seven  bones:  the  navicular  and  lunate  proximally, 
the  second,  third,  and  fourth  metacarpals  distally,  the  lesser  multangular  on  the  radial  side,  and 
the  hamate  on  the  ulnar  side. 

For  lunate 

For  capitate. 

For  iriangtUar 

For  ^ih  metacarpal     

For  5th  metacarpal        Hamvlus  For  5th  metacarpal 

Fig.  368. — The  left  hamate  bone. 

The  Hamate  Bone  {os  hamatum;  unciform  bone)  (Fig.  368). — ^The  hamate  bone 
may  be  readily  distinguished  by  its  wedge-shaped  form,  and  the  hook-Uke  process 
which  projects  from  its  volar  surface.  It  is  situated  at  the  medial  and  lower  angle 
of  the  carpus,  with  its  base  downward,  resting  on  the  fourth  and  fifth  metacarpal 
bones,  and  its  apex  directed  upward  and  lateral  ward.  The  superior  surface,  the 
apex  of  the  wedge,  is  narrow,  convex,  smooth,  and  articulates  with  the  lunate. 
The  inferior  surface  articulates  with  the  fourth  and  fifth  metacarpal  bones,  by 
concave  facets  which  are  separated  by  a  ridge.  The  dorsal  surface  is  triangular 
and  rough  for  ligamentous  attachment.  The  volar  surface  presents,  at  its  lower 
and  ulnar  side,  a  curved,  hook-like  process,  the  hamulus,  directed  forward  and 
lateralward.  This  process  gives  attachment,  by  its  apex,  to  the  transverse  carpal 
ligament  and  the  Flexor  carpi  ulnaris;  by  its  medial  surface  to  the  Flexor  brevis 
and  Opponens  digiti  quinti;  its  lateral  side  is  grooved  for  the  passage  of  the  Flexor 
tendons  into  the  palm  of  the  hand.  It  is  one  of  the  four  eminences  on  the  front 
of  the  carpus  to  which  the  transverse  carpal  ligament  of  the  wrist  is  attached; 
the  others  being  the  pisiform  medially,  the  oblique  ridge  of  the  greater  multangular, 
and  the  tubercle  of  the  navicular  laterally.  The  medial  surface  articulates  with 
the  triangular  bone  by  an  oblong  facet,  cut  obliquely  from  above,  downward 
and  medialward.  The  lateral  surface  articulates  with  the  capitate  by  its  upper 
and  posterior  part,  the  remaining  portion  being  rough,  for  the  attachment  of 
ligaments. 

Artieiilations. — The  hamate  articulates  with  five  bones:    the  lunate  proximally,  the  fourth 
and  fifth  metacarpals  distally,  the  triangular  medially,  the  capitate  laterally. 
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The  Metacarpua. 

The  metacarpus  consists  of  five  cylindrical  bones  which  are  numbered  from  the 
lateral  side  (ossa  metacarpalia  I-V) ;  each  consists  of  a  body  and  two  ertremities. 

C<aninoit  CharacteristicB  of  the  Metacarpal  Bones. — ^Tha  Body  {corpus;  shaft). — 
The  body  is  prismoid  in  form,  and  cur\'ed,  so  as  to  be  convex  in  the  longitudinal 
direction  behind,  concave  in  front.  It  presents  three  surfaces:  medial,  lateral, 
and  dorsal.  The  medial  and  lateral  Burtaces  are  concave,  for  the  attachment  of 
the  Interossei,  and  separated  from  one  another  by  a  prominent  anterior  ridge. 
The  dorsal  snrface  presents  in  its  distal  two-thirds  a  smooth,  triangular,  flattened 
area  which  is  covered  in  the  recent  state,  by  the  tendons  of  the  Extensor  muscles. 
This  surface  is  bounded  by  two  lines,  which  commence  in  small  tubercles  situated 
on  either  side  of  the  digital  extremity,  and,  passing  upward,  converge  and  meet 
some  distance  above  the  centre  of  the  bone  and  form  a  ridge  which  runs  along  the 
rest  of  the  dorsal  surface  to  the  carpal  extremity.  This  ridge  separates  two 
sloping  surfaces  for  the  attachment  of  the  Interossei  dorsales.  To  the  tubercles 
on  the  digital  extremities  are  attached  the  collateral  ligaments  of  the  metacarpo- 
phalangeal joints. 

The  Base  or  Carpal  Extremity  {basis)  is  of  a  cuboidal  form,  and  broader  behind 
than  in  front:  it  articulates  with  the  carpus,  and  with  the  adjoining  metacarpal 
bones;  its  dorsal  and  volar  surfaces  are  rough,  for  the  attachment  of  ligaments. 

The  Head  or  Digital  Extremity  {capitulum)  presents  an  oblong  surface  markedly 
convex  from  before  backward,  less  so  transversely,  and  flattened  from  side  to  side; 
it  articulates  with  the  proximal  phalanx.  It  is  broader,  and  extends  farther  up- 
ward, on  the  volar  than  on  the  dorsal  aspect,  and  is  longer  in  the  antero-posterior 
than  in  the  transverse  diameter.  On  either  side  of  the  head  is  a  tubercle  for  the 
attachment  of  the  collateral  ligament  of  the  metacarpophalangeal  joint.  The 
dwsal  surface,  broad  and  flat,  supports  the  Extensor  tendons;  the  volar  snrface 
is  g^oo^■ed  in  the  middle  line  for  the  passage  of  the  Flexor  tendons,  and  marked 
on  either  side  by  an  articular  eminence  continuous  with  the  terminal  articular 
surface. 

Characteristics  of  the  Individual  Metacarpal  Bones. — The  First  Metacarpal 
Bone  {os  metaearpale  I;  metacarpal  bone  of  the  thumb)  (Fig.  369)  is  shorter  and 
stouter  than  the  others,  diverges  to  a  greater  degree 
from  the  carpus,  and  its  volar  surface  is  directed 
toward  the  palm.  The  body  is  flattened  and  broad 
on  its  dorsal  surface,  and  does  not  present  the  ridge 
which  b  found  on  the  other  metacarpal  bones;  its 
volar  surface  is  concave  from  above  downward.  On 
its  radial  border  is  inserted  the  Opponens  poUicis; 
its  ulnar  border  gives  origin  to  the  lateral  head  of 
the  first  Interosseus  dorsalis.  The  base  presents  a 
concavo-convex  surface,  for  articulation  with  the 
greater  multangular;  it  has  no  facets  on  its  sides,  but 
on  its  radial  side  is  a  tubercle  for  the  insertion  of  the 
Abductor  pollicis  longus.  The  head  is  less  convex 
than  those  of  the  other  metacarpal  bones,  and  is 

broader  from  side  to  side  than  from  before  backward.  iorgreai^r         For  greater 

On  its  volar  surface  are  two  articular  emmences,  of 

which  the  lateral  is  the  larger,  for  the  two  sesamoid  '"        ~  (Lett?  ""''™"'  ■ 

bones  in  the  tendons  of  the  Flexor  pollicis  brevis. 

The  Second  Metacarpal  Bone  {os  metaearpale  II;  metacarpal  bone  of  the  index 
finger)  (Fig.  370)  is  the  longest,  and  its  base  the  largest,  of  the  four  remaining 
bones.    Its  baae  is  prolonged  upward  and  medialward,  forming  a  prominent  ridge. 
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It  presents  four  articular  facets:  three  on  the  upper  surface  and  one  on  the  ulnar 
side.  Of  the  facets  on  the  upper  surface  the  intermediate  is  the  largest  and  is 
concave  from  side  to  side,  convex  from  before  backward  for  articulation  with  the 
lesser  multangular;  the  lateral  is  small,  flat  and  oval  for  articulation  with  the  greater 
multangular;  the  medial,  on  the  summit  of  the  ridge,  is  long  and  narrow  for  articu> 
lation  with  the  capitate.  The  facet  on  the  ulnar  side  articulates  with  the  third 
metacarpal.  The  Extensor  carpi  radialis  longus  is  inserted  on  the  dorsal  surface 
and  the  Flexor  carpi  radialis  on  the  volar  surface  of  the  base. 


i.£^,J,      _ 

„,„, 

Itaer 
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St<^                                         for  4th 
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»«rp^. 

(Left.) 

The  Third  MetacaipU  Bone  {os  metacarpale  III;  metacarpal  bone  of  the  middle 
finger)  (Fig.  371)  is  a  little  smaller  than  the  second.  The  dorsal  aspect  of  its 
hue  presents  on  its  radial  side  a  pyramidal  eminence,  the  styloid  process,  which 
extends  upward  behind  the  capitate;  immediately  distal  to  this  is  a  rough  surface 
for  the  attachment  of  the  Extensor  carpi  radialis  brevis.  The  carpal  articular 
facet  is  concave  behind,  flat  in  front,  and  articulates  with  the  capitate.  On  the 
radial  side  is  a  smooth,  concave  facet  for  articulation  with  the  second  metacarpal, 
and  on  the  ulnar  side  two  small  oval  facets  for  the  fourth  metacarpal. 

The  Fourth  Metacarpal  Bone  (os  metacarpale  IV;  metacarpal  bone  of  the  ring 
finger)  (Fig.  372)  is  shorter  and  smaller  than  the  third.  The  base  is  small  and 
quadrilateral;  its  superior  surface  presents  two  facets,  a  large  one  medially  for 
articulation  with  the  hamate,  and  a  small  one  laterally  for  the  capitate.  On  the 
radial  side  are  two  oval  facets,  for  articulation  with  the  third  metacarpal;  and  on 
the  ulnar  side  a  single  concave  facet,  for  the  flfth  metacarpal. 

The  Fifth  Metacarpal  Bone  (o*  metacarpale  V;  metacarpal  bone  of  the  little  finger) 
(Fig.  373)  presents  on  its  base  one  facet  on  its  superior  surface,  which  is  concavo- 
convex  and  articulates  with  the  hamate,  and  one  on  its  radial  side,  which  articulates 
with  the  fourth  metacarpal.  On  its  ulnar  side  is  a  prominent  tubercle  for  the  inser- 
tion of  the  tendon  of  the  Extensor  carpi  ulnaris.  The  dorsal  surface  of  the  body 
is  divided  by  an  oblique  ridge,  which  extends  from  near  the  ulnar  side  of  the  base 
to  the  radial  side  of  the  head.    The  lateral  part  of  this  surface  serves  for  the  attach- 
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ment  of  the  fourth  Interosseus  dorsalis;  the  medial  part  is  smooth,  triangular,  and 
covered  by  the  Extensor  tendons  of  the  little  finger. 


mtta-  metaearpai 

carpal 
Fid.  372.— The  fourth  nwtscsnnl.     (LEflJ  Fio.  373.— The  Gflh  meUCBrpsL     (Left.) 

ArticnUtionB. — Besides  their  phalangeal  articulations,  the  metacarpal  bones  articulate  as 
follows:  the  fir^  with  the  greater  multangular;  the  second  with  the  greater  multangular,  lesser 
multangular,  capitate  and  third  metacarpal;  the  third  with  the  capitate  and  second  and  fourth 
metacarpals;  the  fourth  with  the  capitate,  hamate,  and  third  and  fifth  metacarpals;  and  the 
fifth  with  the  hamate  and  fourth  metacarpal. 

The  Plulan^s  of  the  Hand  (Phalanges  Digitonun  Manus). 

The  phalanfes  are  fourteen  in  number,  three  for  each  finger,  and  two  for  the 
thumb.  Each  consists  of  a  body  and  two  extremities.  The  body  tapers  from  above 
downward,  is  convex  posteriorly,  concave  in  front  from  above  downward,  flat 
from  side  to  side;  its  sides  are  marked  by  rough  ridges  which  give  attachment 
to  the  fibrous  sheaths  of  the  Flexor  tendons.  The  proximal  extremities  of  the  bones 
of  the  first  row  present  oval,  concave  articular  surfaces,  broader  from  side  to  side 
than  from  before  backward.  The  proximal  extremity  of  each  of  the  bones  of  the 
second  and  third  rows  presents  a  double  concavity  separated  by  a  median  ridge. 
The  distal  extremities  are  smaller  than  the  proximal,  and  each  ends  in  two  condyles 
separated  by  a  shallow  groove;  the  articular  surface  extends  farther  on  the  volar 
than  on  the  dorsal  surface,  a  condition  best  marked  in  the  bones  of  the  first  row. 

The  tingaal  i^alaages  are  convex  on  their  dorsal  and  fiat  on  their  volar  surfaces; 
they  are  recognized  by  their  small  size,  and  by  a  roughened,  elevated  surface  of 
a  horseshoe  form  on  the  volar  surface  of  the  distal  extremity  of  each  which  serves 
to  support  the  sensitive  pulp  of  the  finger. 

Artieulatioiii. — In  the  four  fingers  the  phalanges  of  the  first  row  articulate  with  those  of  the 
second  row  and  with  the  metacarpals;  the  phalanges  of  the  second  row  with  those  of  the  first 
and  third  rows,  and  the  ungual  phalanges  with  those  of  the  second  row.  Id  the  thumb,  which 
has  only  two  phalanges,  the  first  [ihalanx  articulates  by  its  proximal  extremity  with  the  meta- 
carpal bone  and  by  its  distal  with  the  ungual  phalanx. 

Ouiflcfttion  ol  the  Bonei  of  the  Hand. — The  eupal  bonas  are  each  ossified  from  a  single  centre, 
and  ossification  proceeds  in  the  following  order  (Fig.  374) :  in  the  capitate  and  hamate,  during 
the  first  year,  the  former  preceding  the  latter;  in  the  triangular,  during  the  third  year;  in  the 
lunate  and  greater  multangular,  during  the  fifth  year,  the  former  preceding  the  latter;  in  the 
navicular,  during  the  uxth  year;  in  the  lesser  multangular,  during  the  eighth  year;  and  in  the 
pisiform,  about  the  twelfth  year. 
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OccamoD&Uy  ttn  additioaal  bone,  the  ox  centraU,  is  fouD4  on  the  back  of  the  carpuB,  lying 
between  the  navicular,  lesser  multangular,  and  capitate,  )>uring  the  second  month  of  fetal  life 
it  is  repreeeuted  by  a  small  cartilaginous  nodule,  which  usually  fuses  with  the  cartilaginous  navic- 
ular. Sometimes  the  styloid  proceaa  of  the  third  metacarpal  is  detached  and  forms  an  additional 
oesicle. 

The  nwtuaipal  bonea  are  each  ossified  from  iwo  centres:  one  for  the  body  and  one  for  the 
distal  extremity  of  each  of  the  second,  third,  fourth,  and  fifth  bones;  one  for  the  body  and  one 
for  the  base  of  the  first  metacarpal  bone.'  The  first  metacarpal  bone  is  therefore  ossified  in  the 
same  manner  as  the  phalanges,  and  this  has  led  some  anatomists  to  regard  the  thumb  as  being 
made  up  of  three  phalanges,  and  not  of  a  metacarpal  bone  and  two  phalanges.  Ossification  com- 
mences in  the  middle  of  the  body  about  the  eighth  or  ninth  week  of  fetal  life,  the  centres  for  the 
second  and  third  metacarpals  being  the  first,  and  that  for  the  first  metacarpal,  the  last,  to  appear; 
about  the  third  year  the  distal  extremities  of  the  metacarpals  of  the  fingers,  and  the  base  of  the 
metacarpal  of  the  thumb,  begin  to  ossify;  they  unite  with  the  bodies  about  the  twentieth  year. 


Two  cenlrtf  for  each  bone  : 
One  for  body 
One  for  head 


0  centres  for  each  bone  : 

le  for  body 

le  for  proximal 
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Fio.  374.— Plun  or  omiBmiion  of  Iho  band. 

The  phalangM  are  each  ossified  from  two  centres:  one  for  the  body,  and  one  for  the  proximal 
extremity.  Ossification  begins  in  the  body,  about  the  eighth  week  of  fetal  life.  Ossification  of 
the  proximai  extremity  commences  in  the  bones  of  the  first  row  between  the  third  and  fourth 
years,  and  a  year  later  in  those  of  the  second  and  third  rows.  The  two  centres  become  united 
in  each  row  between  the  eighteenth  and  twentieth  years. 

In  the  ungual  phalanges  the  centres  for  the  bodies  appear  at  the  distal  extremities  of  the 
phalanges,  instead  of  at  the  middle  of  the  bodies,  as  in  the  other  phalanges.  Moreover,  of  all 
the  bones  of  the  hand,  the  ungual  phalanges  are  the  first  to  ossify. 

AppllMl  Anatomy. — The  carpal  bonea  are  little  liable  to  fracture,  except  from  extreme  violence, 
when  the  parts  are  so  comminuted  as  to  necessitate  amputation.    Occasion^ly  they  are  the 

'  Allen  ThonuoD  demonitrBUnl  Ihe  fact  thai  the  Brat  metacarpal  bone  n  oflen  deTsloped  from  Chre«  centrm:  that  t* 
to  Bay,  there  ia  h  Bsparate  nueleiiA  for  the  dtacal  end,  formiu  a  diaUnct  epiphysis  viaible  at  the  age  c^  aewn  or  eight 
yean.    He  also  atuted  that  there  are  traces  of  a  projEiokal  epiphyoia  in  the  Becoad  metacarpal  bone,  Journal  of  Anatomy 
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seat  of  tuberculous  disease.  The  metacarpal  bones  and  the  phalanges  are  sometimes  broken 
from  direct  violence.  There  are  two  diseases  of  the  metacarpal  bones  and  phalanges  which  require 
special  mention  on  account  of  their  frequent  occurrence.  One  is  tuberculous  dactylitis,  con- 
sisting in  a  deposit  of  tuberculous  material  in  the  medullary  canal,  expansion  of  the  bone,  with 
subsequent  caseation  and  necrosis.  The  other  is  chondroma,  which  is  perhaps  more  commonly 
found  in  connection  with  the  metacarpal  bones  and  phalanges  than  with  any  other  bones.  The 
tumors  are  usually  multiple,  and  spring  from  beneath  the  periosteum  about  the  epiphysial  plate. 


THE  BONES  OF  THE  LOWER  EXTBEMITT  (OSSA  EXTREMITATIS  INFERIOBIS). 

The  Hip  Bone  (Os  Coxae;  Lmominftte  Bone). 

The  hip  bone  is  a  large,  flattened,  irregularly  shaped  bone,  constricted  in  the 
centre  and  expanded  above  and  below.  It  meets  its  fellow  on  the  opposite  side 
in  the  middle  line  in  front,  and  together  they  form  the  sides  and  anterior  wall  of 
the  pelvic  caAnty.  It  consists  of  three  parts,  the  Oium,  ischium,  and  pubis,  which 
are  distinct  from  each  other  in  the  young  subject,  but  are  fused  in  the  adult; 
the  union  of  the  three  parts  takes  place  in  and  around  a  large  cup-shaped  articular 
cavity,  the  acetabulum,  which  is  situated  near  the  middle  of  the  outer  surface  of  the 
bone.  The  Hium,  so-called  because  it  supports  the  flank,  is  the  superior  broad  and 
expanded  portion  which  extends  upward  from  the  acetabulum.  The  ischium  is  the 
lowest  and  strongest  portion  of  the  bone;  it  proceeds  downward  from  the  acetab- 
ulum, expands  into  a  large  tuberosity,  and  then,  curving  forward,  forms,  with 
the  pubis,  a  large  aperture,  the  obturator  foramen.  The  pubis  extends  medialward 
and  downward  from  the  acetabulum  and  articulates  in  the  middle  line  with  the 
bone  of  the  opposite  side:  it  forms  the  front  of  the  pelvis  and  supports  the  external 
organs  of  generation. 

The  nimn  (ps  ilii). — ^The  ilium  is  divisible  into  two  parts,  the  body  and  the 
ala;  the  separation  is  indicated  on  the  internal  surface  by  a  curved  line,  the  arcuate 
Hue,  and  on  the  external  surface  by  the  margin  of  the  acetabulum. 

The  Body  (corptis  oss,  ilii). — ^The  body  enters  into  the  formation  of  the  acetab- 
ulum, of  which  it  forms  rather  less  than  two-fifths.  Its  external  surface  is  partly 
articular,  partly  non-articular;  the  articular  segment  forms  part  of  the  lunate 
surface  of  the  acetabulum,  the  non-articular  portion  contributes  to  the  acetabular 
fossa.  The  internal  surface  of  the  body  is  part  of  the  wall  of  the  lesser  pelvis  and 
gives  origin  to  some  fibres  of  the  Obturator  internus.  Below,  it  is  continuous  with' 
the  pelvic  surfaces  of  the  ischium  and  pubis,  only  a  faint  line  indicating  the  place 
of  union. 

The  Ala  (ala  oss,  ilii). — The  ala  is  the  large  expanded  portion  which  bounds 
the  greater  pelvis  laterally.  It  presents  for  examination  two  surfaces — an  external 
and  an  internal — a  crest,  and  two  borders — an  anterior  and  a  posterior.  The 
external  surface  (Fig.  375),  known  as  the  dorsum  ilii,  is  directed  backward  and  lateral- 
ward  behind,  and  downward  and  lateralward  in  front.  It  is  smooth,  convex  in  front, 
deeply  concave  behind;  bounded  above  by  the  crest,  below  by  the  upper  border 
of  the  acetabulum,  in  front  and  behind  by  the  anterior  and  posterior  borders. 
This  surface  is  crossed  in  an  arched  direction  by  three  lines — the  posterior,  anterior, 
and  inferior  gluteal  lines.  The  posterior  gluteal  line  {superior  curved  line),  the  short- 
est of  the  three,  begins  at  the  crest,  about  5  cm.  in  front  of  its  posterior  extremity; 
it  is  at  first  distinctly  marked,  but  as  it  passes  downward  to  the  upper  part  of  the 
greater  sciatic  notch,  where  it  ends,  it  becomes  less  distinct,  and  is  often  altogether 
lost.  Behind  this  line  is  a  narrow  semilunar  surface,  the  upper  part  of  which 
is  rough  and  gives  origin  to  a  portion  of  the  Glutaeus  maximus;  the  lower  part  is 
smooth  and  has  no  muscular  fibres  attached  to  it.  The  anterior  gluteal  line  {middle 
curved  line),  the  longest  of  the  three,  begins  at  the  crest,  about  4  cm.  behind  its 
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anterior  extremity,  and,  taking  a.  curved  direction  downward  and  backward,  ends 
at  the  upper  part  of  the  greater  sciatic  notch.  The  space  between  the  anterior 
and  posterior  gluteal  lines  and  the  crest  is  concave,  and  gives  origin  to  the  Glutaeiis 
medius.  Near  the  middle  of  this  line  a  nutrient  foramen  is  often  seen.  The 
inf«rioi  Klateal  line  (in/erior  etined  line),  the  least  distinct  of  the  three,  begins  in 


FiQ.  37S.— Richt  tup  bone.    Eitarnsl  surfsce. 

front  at  the  notch  on  the  anterior  border,  and,  curving  backward  and  downward, 
ends  near  the  middle  of  the  greater  sciatic  notch.  The  surface  of  bone  included 
between  the  anterior  and  inferior  gluteal  lines  is  concave  from  above  downward, 
convex  from  before  backward,  and  gives  origin  to  the  Glutaeus  minimus.  Between 
the  inferior  gluteal  line  and  the  upper  part  of  the  acetabulum  is  a  rough,  shallow 
groove,  from  which  the  reflected  tendon  of  the  Rectus  femoris  arises. 
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The  intenul  sDrface  (p^g.  376)  of  the  ala  is  bounded  above  by  the  crest,  below, 
by  the  arcuate  line;  in  front  and  behind,  by  the  anterior  and  posterior  borders. 
It  presents  a  large,  smooth,  concave  surface,  called  the  iliac  fossa,  which  gives 
origin  to  the  Iliacus  and  is  perforated  at  its  inner  part  by  a  nutrient  canal;  and 
below  this  a  smooth,  rounded  border,  the  arcuate  line,  which  runs  downward,  for- 
ward, and  medialward.    Behind  the  iliac  fossa  is  a  rough  surface,  divide<I  into  two 


ConStTictor  urelhrae 
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portions,  an  anterior  and  a  posterior.  The  anterior  surface  {auricular  surface), 
so  called  from  its  resemblance  in  shape  to  the  ear,  is  coated  with  cartilage  in  the 
recent  state,  and  articulates  with  a  similar  surface  on  the  side  of  the  sacrum. 
He  posterior  portion,  known  as  the  iliac  tnbarositr,  is  elevated  and  rough,  for 
the  attachment  of  the  posterior  sacroiliac  ligaments  and  for  the  origins  of  the 
Sacrospinalis  and  Multifidus.    Below  and  in  front  of  the  auricular  surface  is  the 
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preauricular  sulcus,  more  commonly  present  and  better  marked  in  the  female 
than  in  the  male;  to  it  is  attached  the  pelvic  portion  of  the  anterior  sacroiliac 
ligament. 

The  crest  of  the  ilium  is  convex  in  its  general  outline  but  is  sinuously  curved, 
being  concave  inward  in  front,  concave  outward  behind.  It  is  thinner  at  the  centre 
than  at  the  extremities,  and  ends  in  the  anterior  and  posterior  superior  Hiac  spines. 
The  surface  of  the  crest  is  broad,  and  divided  into  external  and  internal  lips, 
and  an  intermediate  line.  About  5  cm.  behind  the  anterior  superior  iliac  spine 
there  is  a  prominent  tubercle  on  the  outer  lip.  To  the  external  lip  are  attached 
the  Tensor  fasciae  latae,  Obliquus  externus  abdominis,  and  Latissimus  dorsi,  and 
along  its  whole  length  the  fascia  lata;  to  the  intermediate  line  the  Obliquus  internus 
abdominis;  to  the  internal  lip,  the  fascia  iliaca,  the  Transversus  abdominis, 
Quadratus  lumborum,  Sacrospinalis,  and  Iliacus. 

The  anterior  border  of  the  ala  is  concave.  It  presents  two  projections,  separated 
by  a  notch.  Of  these,  the  uppermost,  situated  at  the  junction  of  the  crest  and 
anterior  border,  is  called  the  anterior  superior  Hiac  spine;  its  outer  border  gives 
attachment  to  the  fascia  lata,  and  the  Tensor  fasciae  latae,  its  inner  border,  to  the 
Iliacus;  w^hile  its  extremity  affords  attachment  to  the  inguinal  ligament  and  gives 
origin  to  the  Sartorius.  Beneath  this  eminence  is  a  notch  from  which  the  Sartorius 
takes  origin  and  across  which  the  lateral  femoral  cutaneous  nerve  passes.  Below 
the  notch  is  the  anterior  inferior  iliac  spine,  which  ends  in  the  upper  lip  of  the 
acetabulum;  it  gives  attachment  to  the  straight  tendon  of  the  Rectus  femoris  and 
to  the  iliofemoral  ligament  of  the  hip-joint.  Medial  to  the  anterior  inferior  spine 
is  a  broad,  shallow  groove,  over  which  the  Iliacus  and  Psoas  major  pass.  This 
groove  is  bounded  medially  by  an  eminence,  the  Hiopectineal  eminence,  which 
marks  the  point  of  union  of  the  ilium  and  pubis. 

The  posterior  border  of  the  ala,  shorter  than  the  anterior,  also  presents  two 
projections  separated  by  a  notch,  the  posterior  superior  iliac  spine  and  the  posterior 
inferior  iliac  spine.  The  former  serves  for  the  attachment  of  the  oblique  portion 
of  the  posterior  sacroiliac  ligaments  and  the  Multifidus;  the  latter  corresponds 
with  the  posterior  extremity  of  the  auricular  surface.  Below  the  posterior  inferior 
spine  is  a  deep  notch,  the  greater  sciatic  notch. 

The  Ischium  {os  ischii). — ^The  ischium  forms  the  lower  and  back  part  of  the 
hip  bone.    It  is  divisible  into  three  portions — a  body  and  t?ro  rami. 

The  Body  {corpus  oss.  ischii). — ^The  body  enters  into  and  constitutes  a  little 
more  than  two-fifths  of  the  acetabulum.  Its  external  surface  forms  part  of  the 
lunate  surface  of  the  acetabulum  and  a  portion  of  the  acetabular  fossa.  Its  internal 
surface  is  part  of  the  wall  of  the  lesser  pelvis;  it  gives  origin  to  some  fibres  of  the 
Obturator  internus.  Its  anterior  border  projects*  as  the  posterior  obturator  tubercle; 
from  its  posterior  border  there  extends  backward  a  thin  and  pointed  triangular 
eminence,  the  ischial  spine,  more  or  less  elongated  in  different  subjects.  The 
external  surface  of  the  spine  gives  attachment  to  the  Gemellus  superior,  its  internal 
surface  to  the  Coccygeus,  Levator  ani,  and  the  pelvic  fascia;  while  to  the  pointed 
extremity  the  sacrospinous  ligament  is  attached.  Above  the  spine  is  a  large  notch, 
the  greater  sciatic  notch,  converted  into  a  foramen  by  the  sacrospinous  ligament; 
it  transmits  the  Piriformis,  the  superior  and  inferior  gluteal  vessels  and  nerves, 
the  sciatic  and  posterior  femoral  cutaneous  nerves,  the  internal  pudendal  vessels, 
and  nerve,  and  the  nerves  to  the  Obturator  internus  and  Quadratus  femoris.  Of 
these,  the  superior  gluteal  vessels  and  nerve  pass  out  above  the  Piriformis,  the 
other  structures  below  it.  Below  the  spine  is  a  smaller  notch,  the  lesser  sciatic 
notch;  it  is  smooth,  coated  in  the  recent  state  with  cartilage,  the  surface  of  which 
presents  two  or  three  ridges  corresponding  to  the  subdivisions  of  the  tendon  of 
the  Obturator  internus,  which  winds  over  it.  It  is  converted  into  a  foramen  by 
the  sacrotuberous  and  sacrospinous  ligaments,  and  transmits  the  tendon  of  the 
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Obturator  internus,  the  nerve  which  supplies  that  muscle,  and  the  internal 
pudendal  vessels  and  nerve. 

The  Superior  Ramus  (ramus  superior  oss,  ischii;  descending  ramus), — ^The 
superior  ramus  projects  downward  and  backward  from  the  body  and  presents 
for  examination  three  surfaces:  external,  internal,  and  posterior.  The  external 
surface  is  quadrilateral  in  shape.  It  is  bounded  above  by  a  groove  which  lodges 
the  tendon  of  the  Obturator  externus;  below,  it  is  continuous  with  the  inferior 
ramus;  in  front  it  is  limited  by  the  posterior  margin  of  the  obturator  foramen; 
behind,  a  prominent  margin  separates  it  from  the  posterior  surface.  In  front  of 
this  margin  the  surface  gives  origin  to  the  Quadratus  femoris,  and  anterior  to  this 
to  some  of  the  fibres  of  origin  of  the  Obturator  externus;  the  lower  part  of  the  sur- 
face gives  origin  to  part  of  the  Adductor  magnus.  The  internal  surface  forms  part 
of  the  bony  wall  of  the  lesser  pelvis.  In  front  it  is  limited  by  the  posterior  margin 
of  the  obturator  foramen.  Below,  it  is  bounded  by  a  sharp  ridge  which  gives 
attachment  to  a  falciform  prolongation  of  the  sacrotuberous  ligament,  and,  more 
anteriorly,  gives  origin  to  the  Transversus  perinaei  and  Ischiocavernosus.  Poste- 
riorly the  ramus  forms  a  large  swelling,  the  tuberosity  of  the  ischium,  which  is  divided 
into  two  portions:  a  lower,  rough,  somewhat  triangular  part,  and  an  upper,  smooth, 
quadrilateral  portion.  The  lower  portion  is  subdivided  by  a  prominent  longitudinal 
ridge,  passing  from  base  to  apex,  into  two  parts;  the  outer  gives  attachment  to 
the  Adductor  magnus,  the  inner  to  the  sacrotuberous  ligament.  The  upper  portion 
is  subdivided  into  two  areas  by  an  oblique  ridge,  which  runs  downward  and  out- 
ward; from  the  upper  and  outer  area  the  Semimembranosus  arises;  from  the  lower 
and  inner,  the  long  head  of  the  Biceps  femoris  and  the  Semitendinosus. 

The  Inferior  Ramus  {ramus  inferior  oss.  ischii;  ascending  ramu^). — ^The  inferior 
ramus  is  the  thin,  flattened  part  of  the  ischium,  which  ascends  from  the  superior 
ramus,  and  joins  the  inferior  ramus  of  the  pubis — ^the  junction  being  indicated  in 
the  adult  by  a  raised  line.  The  outer  surface  is  uneven  for  the  origin  of  the  Obturator 
externus  and  some  of  the  fibres  of  the  Adductor  magnus;  its  inner  surface  forms 
jMirt  of  the  anterior  wall  of  the  pelvis.  Its  medial  border  is  thick,  rough,  slightly 
everted,  forms  part  of  the  outlet  of  the  pelvis,  and  presents  two  ridges  and  an 
intervening  space.  The  ridges  are  continuous  with  similar  ones  on  the  inferior 
ramus  of  the  pubis:  to  the  outer  is  attached  the  deep  layer  of  the  superficial  peri- 
neal fascia  {fascia  of  Colles),  and  to  the  inner  the  inferior  fascia  of  the  urogenital 
diaphragm.  If  these  two  ridges  be  traced  downward,  they  will  be  found  to  join 
with  each  other  just  behind  the  point  of  origin  of  the  Transversus  perinaei;  here 
the  two  layers  of  fascia  are  continuous  behind  the  posterior  border  of  the  muscle. 
To  the  intervening  space,  just  in  front  of  the  point  of  junction  of  the  ridges,  the 
Transversus  perinaei  is  attached,  and  in  front  of  this  a  portion  of  the  crus  penis 
vel  clitoridis  and  the  Ischiocavernosus.  Its  lateral  border  is  thin  and  sharp,  and 
forms  part  of  the  medial  margin  of  the  obturator  foramen. 

The  Pubis  {os  pubis), — ^The  pubis,  the  anterior  part  of  the  hip  bone,  is  divisible 
into  a  body,  a  superior  and  an  inferior  ramus. 

The  Body  {corpus  oss.  pubis). — ^The  body  forms  one-fifth  of  the  acetabulum, 
contributing  by  its  external  surface  both  to  the  lunate  surface  and  the  acetabular 
fossa.  Its  internal  surface  enters  into  the  formation  of  the  wall  of  the  lesser  pelvis 
and  gives  origin  to  a  portion  of  the  Obturator  internus. 

The  Superior  Ramus  {ramu^  superior  oss.  pubis;  ascending  ramus). — The  superior 
ramus  extends  from  the  body  to  the  median  plane  where  it  articulates  with  its 
fellow  of  the  opposite  side.  It  is  conveniently  described  in  two  portions,-'viz.,  a 
medial  flattened  part  and  a  narrow  lateral  prismoid  portion. 

The  Medial  Portion  of  the  superior  ramus,  formerly  described  as  the  body  of 
the  pubis,  is  somewhat  quadrilateral  in  shape,  and  presents  for  examination  two 
surfaces  and  three  borders.  The  anterior  surface  is  rough,  directed  downw^ard  and 
22 
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outward,  and  serves  for  the  origin  of  various  muscles.  The  Adductor  longus  arises 
from  the  upper  and  medial  angle,  immediately  below  the  crest;  lower  down,  the 
Obturator  externus,  the  Adductor  brevis,  and  the  upper  part  of  the  Gracilis  take 
origin.  The  posterior  surface,  convex  from  above  downward,  concave  from  side 
to  side,  is  smooth,  and  forms  part  of  the  anterior  wall  of  the  pelvis.  It  gives  origin 
to  the  Levator  arii  and  Obturator  internus,  and  attachment  to  the  puboprostatic 
ligaments  and  to  a  few  muscular  iSbres  prolonged  from  the  bladder.  The  upper 
border  presents  a  prominent  tubercle,  the  pubic  tubercle  (pvbic  spine),  which  pro- 
jects forward;  the  inferior  crus  of  the  subcutaneous  inguinal  ring  {external  abdominal 
ring),  and  the  inguinal  ligament  {PouparVs  ligament)  are  attached  to  it.  Passing 
upward  and  lateralward  from  the  pubic  tubercle  is  a  well-defined  ridge,  forming 
a  part  of  the  pectineal  line  which  marks  the  brim  of  the  lesser  pelvis:  to  it  are 
attached  a  portion  of  the  inguinal  falz  (conjoined  tendon  of  Ohliquus  internus 
and  Transversus) ,  the  lacunar  ligament  {Gimbernafs  ligament),  and  the  reflected 
inguinal  ligament  (triangular  fascia).  Medial  to  the  pubic  tubercle  is  the  crest, 
which  extends  from  this  process  to  the  medial  end  of  the  bone.  It  affords  attach- 
ment to  the  inguinal  falx,  and  to  the  Rectus  abdominis  and  Pyramidalis.  The 
point  of  junction  of  the  crest  with  the  medial  border  of  the  bone  is  called  the  angle; 
to  it,  as  well  as  to  the  symphysis,  the  superior  crus  of  the  subcutaneous  inguinal 
ring  is  attached.  The  medial  border  is  articular;  it  is  oval,  and  is  marked  by  eight 
or  nine  transverse  ridges,  or  a  series  of  nipple-like  processes  arranged  in  rows, 
separated  by  grooves;  they  serve  for  the  attachment  of  a  thin  layer  of  cartilage, 
which  intervenes  between  it  and  the  interpubic  fibrocartilaginous  lamina.  The 
lateral  border  presents  a  sharp  margin,  the  obturator  crest,  which  forms  part  of  the 
circumference  of  the  obturator  foramen  and  affords  attachment  to  the  obturator 
membrane. 

The  Lateral  Portion  of  the  ascending  ramus  has  three  surfaces:  superior,  inferior, 
and  posterior.  The  superior  surface  presents  a  continuation  of  the  pectineal  line, 
already  mentioned  as  commencing  at  the  pubic  tubercle.  In  front  of  this  line,  the 
surface  of  bone  is  triangular  in  form,  wider  laterally  than  medially,  and  is  covered 
by  the  Pectineus.  The  surface  is  bounded,  laterally,  by  a  rough  eminence,  the 
iliopectineal  eminence,  which  serves  to  indicate  the  point  of  junction  of  the  ilium 
and  pubis,  and  below  by  a  prominent  ridge  which  extends  from  the  acetabular 
notch  to  the  pubic  tubercle.  The  inferior  surface  forms  the  upper  boundary  of 
the  obturator  foramen,  and  presents,  laterally,  a  broad  and  deep,  oblique  groove, 
for  the  passage  of  the  obturator  vessels  and  nerve;  and  medially,  a  sharp  margin, 
the  obturator  crest,  forming  part  of  the  circumference  of  the  obturator  foramen, 
and  giving  attachment  to  the  obturator  membrane.  The  posterior  surface  consti- 
tutes part  of  the  anterior  boundary  of  the  lesser  pelvis.  It  is  smooth,  convex  from 
above  downward,  and  affords  origin  to  some  fibres  of  the  Obturator  internus. 

The  Inferior  Ramus  (ramus  inferior  ass.  pubis;  descending  ramus), — ^The  inferior 
ramus  is  thin  and  flattened.  It  passes  lateralward  and  downward  from  the  medial 
end  of  the  superior  ramus;  it  becomes  narrower  as  it  descends  and  joins  with  the 
inferior  ramus  of  the  ischium  below"  the  obturator  foramen.  Its  anterior  surface 
is  rough,  for  the  origin  of  muscles — the  Gracilis  along  its  medial  border,  a  portion 
of  the  Obturator  externus  where  it  enters  into  the  formation  of  the  obturator 
foramen,  and  between  these  two,  the  Adductores  brevis  and  magnus,  the  former 
being  the  more  medial.  The  posterior  surface  is  smooth,  and  gives  origin  to  the 
Obturator  internus,  and,  close  to  the  medial  margin,  to  the  Constrictor  urethrae. 
The  medial  border  is  thick,  rough,  and  everted,  especially  in  females.  It  presents 
two  ridges,  separated  by  an  intervening  space.  The  ridges  extend  downward,  and 
are  continuous  with  similar  ridges  on  the  inferior  ramus  of  the  ischium;  to  the 
external  is  attached  the  fascia  of  CoUes,  and  to  the  internal  the  inferior  fascia  ot 
the  urogenital  diaphragm.    The  lateral  border  is  thin  and  sharp,  forms  part  of  the 
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circumference  of  the  obturator  foramen,  and  gives  attachment  to  the  obturator 
membrane. 

The  Acetabulum  {cotyloid  cavity).— The  acetabulum  is  a  deep;  cup-shaped,  hemi- 
spherical depression,  directed  downward,  lateralward,  and  forward.  It  is  formed 
medially  by  the  pubis,  above  by  the  ilium,  laterally  and  below  by  the  ischium; 
a  little  less  than  two-fifths  is  contributed  by  the  Uium,  a  little  more  than  two- 
fifths  by  the  ischium,  and  the  remaining  fifth  by  the  pubis.  It  is  bounded  by  a 
prominent  uneven  rim,  which  is  thick  and  strong  above,  and  serves  for  the  attach- 
ment of  the  glenoidal  Ubrum  (cotyloid  ligament),  which  contracts  its  orifice,  and 
deepens  the  surface  for  articulation.  It  presents  below  a  deep  notch,  the  acetabular 
notch,  which  is  continuous  with  a  circular  non-articular  depression,  the  acetabular 
fossa,  at  the  bottom  of  the  cavity:  this  depression  is  perforated  by  numerous 
apertures,  and  lodges  a  mass  of  fat.  The  notch  is  converted  into  a  foramen  by 
the  transverse  ligament;  through  the  foramen  nutrient  vessels  and  nerves  enter 
the  joiDt;  the  margins  of  the  notch  serve  for  the  attachment  of  the  ligamentum 
teres.  The  rest  of  the  acetabulum  is  formed  by  a  curved  articular  surface,  the 
hnute  surface,  for  articulation  with  the  head  of  the  femur. 

By  eight  cenlrts  \  ^*™  primary  (Ilium.  iKhium.  ai'd  Pubis) 


tfl  through  a  Y-sbaped  piece  About 

The  Obturator  Foramen  (foramen  obturatum;  thyroid  foramen). — The  obturator 
foramen  is  a  large  aperture,  situated  between  the  ischium  and  pubis.  In  the  male 
it  b  large  and  of  an  oval  form,  its  longest  diameter  slanting  obliquely  from  before 
backward;  in  the  female  it  is  smaller,  and  more  triangular.  It  is  bounded  by  a 
thin,  uneven  margin,  to  which  a  strong  membrane  is  attached,  and  presents, 
superiorly,  a  deep  groove,  the  obtuiBtor  grooTe,  which  runs  from  the  pelvis  obliquely 
medialward  and  downward.  This  groove  is  converted  into  a  canal  by  a  ligamentous 
band,  a  specialized  part  of  the  obturator  membrane,  attached  to  two  tubercles: 
one,  the  posterior  obturator  tubercle,  on  the  medial  border  of  the  ischium,  just  in 
front  of  the  acetabular  notch;  the  other,  the  anteiioi  obturator  tubercle,  on  the 
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obturator  crest  of  the  superior  ramus  of  the  pubis.     Through  the  canal  the 
obturator  vessels  and  nerve  pass  out  of  the  pelvis. 

Stmcture. — ^The  thicker  parts  of  the  bone  consist  of  cancellous  tissue,  enclosed  between  two 
layers  of  compact  tissue;  the  thinner  parts,  as  at  the  bottom  of  the  acetabulum  and  centre  of 
the  iliac  fossa,  are  usually  semitransparent,  and  composed  entirely  of  compact  tissue. 

Ossifieatioii  (Fig.  377). — The  hip  bone  is  ossified  from  eight  centres:  three  primary — one  each 
for  the  ihum,  ischium,  and  pubis;  and  five  secondary — one  each  for  the  crest  of  the  ilium,  the 
anterior  inferior  spine  (said  to  occur  more  frequently  in  the  male  than  in  the  female),  the  tuberosity 
of  the  ischium,  the  pubic  symphysis  (more  frequent  in  the  female  than  in  the  male),  and  one  or 
more  for  the  Y-shaped  piece  at  the  bottom  of  the  acetabulum.  The  centres  appear  in  the  follow- 
ing order:  in  the  lower  part  of  the  ilium,  inmiediately  above  the  greater  sciatic  notch,  about 
the  eighth  or  ninth  week  of  fetal  life;  in  the  superior  ramus  of  the  ischium,  about  the  third  month; 
in  the  superior  ramus  of  the  pubis,  between  the  fourth  and  fifth  months.  At  birth,  the  three 
primary  centres  are  quite  separate,  the  crest,  the  bottom  of  the  acetabulum,  the  ischial  tuberosity, 
and  the  inferior  rami  of  the  ischium  and  pubis  being  still  cartilaginous.  By  the  seventh  or  eighth 
year,  the  inferior  rami  of  the  pubi§  and  ischium  are  almost  completely  united  by  bone.  About 
the  thirteenth  or  fourteenth  year,  the  three  primary  centres  have  extended  their  growth  into  the 
bottom  of  the  acetabulum,  and  are  there  separated  from  each  other  by  a  Y-shaped  portion  of 
cartilage,  which  now  presents  traces  of  ossification,  often  by  two  or  more  centres.  One  of  these, 
the  08  acelabulif  appears  about  the  age  of  twelve,  between  the  ilium  and  pubis,  and  fuses  with  them 
about  the  age  of  eighteen;  it  forms  the  pubic  part  of  the  acetabulum.  The  ilium  and  ischium 
then  become  joined,  and  lastly  the  pubis  and  ischium,  through  the  intervention  of  this  Y-shaped 
portion.  At  about  the  age  of  puberty,  ossification  takes  place  in  each  of  the  remaining  portions, 
and  they  join  with  the  rest  of  the  bone  between  the  twentieth  and  twenty-fifth  years.  Separate 
centres  are  frequently  found  for  the  pubic  tubercle  and  the  ischial  spine,  and  for  the  crest  and 
angle  of  the  pubis. 

Articulatioiui. — The  hip  bone  articulates  with  its  fellow  of  the  opposite  side,  and  with  the 
sacrum  and  femur. 

The  Pelvis. 

The  pelvis,  so  called  from  its  resemblance  to  a  basin,  is  a  bony  ring,  interposed 
between  the  movable  vertebrae  of  the  vertebral  column  which  it  supports,  and  the 
lower  limbs  upon  which  it  rests;  it  is  stronger  and  more  massively  constructed 
than  the  wall  of  the  cranial  or  thoracic  cavities,  and  is  composed  of  four  bones: 
the  two  hip  bones  laterally  and  in  front  and  the  sacrum  and  coccyx  behind. 

The  pelvis  is  divided  by  an  oblique  plane  passing  through  the  prominence  of 
the  sacrum,  the  arcuate  and  pectineal  lines,  and  the  upper  margin  of  the  symphysis 
pubis,  into  the  greater  and  the  le^er  pelvis.  The  circumference  of  this  plane  is 
termed  the  hnea  terminalis  or  pelvic  brim. 

The  Greater  or  False  Pelvis  {pelvis  major). — The  greater  pelvis  is  the  expanded 
portion  of  the  cavity  situated  above  and  in  front  of  the  pelvic  brim.  It  is  bounded 
on  either  side  by  the  ilium;  in  frontt'it  is  incomplete,  presenting  a  wide  interval 
between  the  anterior  borders  of  the  ilia,  which  is  filled  up  in  the  recent  state  by 
the  parietes  of  the  abdomen;  behind  is  a  deep  notch  on  either  side  between  the  ilium 
and  the  base  of  the  sacrum.  It  supports  the  intestines,  and  transmits  part  of  their 
weight  to  the  anterior  wall  of  the  abdomen. 

The  Lesser  or  True  Pelvis  (pelvis  minor), — The  lesser  pelvis  is  that  part  of  the 
pelvic  cavity  which  is  situated  below  and  behind  the  pelvic  brim.  Its  bony  walls 
are  more  complete  than  those  of  the  greater  pelvis.  P'or  convenience  of  descrip- 
tion, it  is  divided  into  an  inlet  bounded  by  the  superior  circumference,  and  outlet 
bounded  by  the  inferior  circumference,  and  a  cavity. 

The  Superior  Circumference. — The  superior  circumference  forms  the  brim  of  the 
pelvis,  the  included  space  being  called  the  superior  aperture  or  inlet  {apertura  pelvis 
[minoris]  superior)  (Fig.  378).  It  is  formed  laterally  by  the  pectineal  and  arcuate 
lines,  in  front  by  the  crests  of  the  pubes,  and  behind  by  the  anterior  margin  of  the 
base  of  the  sacrum  and  sacrovertebral  angle.  The  superior  aperture  is  somewhat 
heart-shaped,  obtusely  pointed  in  front,  diverging  on  either  side,  and  encroached 
upon  behind  by  the  projection  forward  of  the  promontory  of  the  sacrum.    It  has 
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three  principal  diameters:  aiitero-posterior,  trans\'er5e,  and  oblique.  The  antero- 
posterior or  conjugate  diameter  extends  from  the  sacrovertebral  angle  to  the  sj'm- 
physis  pubis;  its  average  measurement  is  about  110  mm.  in  the  female.  The 
transrene  diameter  extends  across  the  greatest  width  of  the  superior  aperture, 
from  the  middle  of  the  brim  on  one  side  to  the  same  point  on  the  opposite;  its  aver- 
age measurement  is  about  135  mm.  in  the  female.  The  obliQne  diameter  extends 
from  the  iliop>ectineaI  eminence  of  one  side  to  the  sacroiliac  articulation  of  the 
opposite  side;  its  average  measurement  is  about  125  mm.  in  the  female 


Fia.  37S.— Di>met«n«[  ■uperior  spertun  of  leoer  pelv»  (kmsle). 

The  eavitr  of  the  lesser  pelvis  is  bounded  in  front  and  below  by  the  pubic  sym- 
physis and  the  superior  rami  of  the  pubes;  above  and  behind,  by  the  pelvic  surfaces 
of  the  sacrum  and  coccyx,  which,  curving  forward  above  and  below,  contract 
the  superior  and  inferior  apertures  of  the  cavity;  laterally,  by  a  broad,  smooth, 
quadrangular  area  of  bone,  corresponding  to  the  inner  surfaces  of  the  body  and 
superior  ramus  of  the  ischium  and  that  part  of  the  ilium  which  is  below  the  arcuate 
line.  From  this  description  it  will  be  seen  that  the  cavity  of  the  lesser  pelvis 
is  a  short,  curved  canal,  considerably  deeper  on  its  posterior  than  on  its  anterior 
wall.  It  contains,  in  the  recent  subject,  the  pelvic  colon,  rectum,  bladder,  and  some 
of  the  organs  of  generation.  The  rectum  is  placed  at  the  back  of  the  pelvis,  in 
the  cur\-e  of  the  sacrum  and  coccyx;  the  bladder  is  in  front,  behind  the  pubic  sym- 
physis. In  the  female,  the  uterus  and  vagina  occupy  the  interval  between  these 
viscera. 

The  Lower  Circmnterence. — The  lower  circumference  of  the  pelvis  is  very  irregular; 
the  space  enclosed  by  it  is  named  the  inferior  aperture  or  ontlet  (aperlura  pelvis 
[minoris]  inferior)  (Fig.  379),  and  is  bounded  behind  by  the  point  of  the  coccyx, 
and  laterally  by  the  ischial  tuberosities.  These  eminences  are  separated  by  three 
notches:  one  in  front,  the  pubic  arch,  formed  by  the  convergence  of  the  inferior 
rami  of  the  ischium  and  pubis  on  either  side.  The  other  notches,  one  on  either 
side,  are  formed  by  the  sacrum  and  coccyx  behind,  the  ischium  in  front,  and 
the  ilium  above;  they  are  called  the  sciatic  notches;  in  the  natural  state  the\'  are 
converted  into  foramina  by  the  sacrotuberous  and  sacrospinous  ligaments.  When 
the  ligaments  are  in  ntu,  the  inferior  aperture  of  the  pelvis  is  lozenge-shaped, 
bounded,  in  front,  by  the  pubic  arcuate  ligament  and  the  inferior  rami  of  the 
pubes  and  ischia;  laterally,  by  the  ischial  tuberosities;  and  behind,  by  the  sacro- 
tuberous ligaments  and  the  tip  of  the  coccyx. 
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The  diameters  of  the  outlet  of  the  pelvis  are  two,  antero-posterior  and  trans- 
verse. The  antaro-poBterior  diameter  extends  from  the  tip  of  the  coccjtc  to  the 
lower  part  of  the  pubic  symphysis;  its  measurement  is  from  90  to  115  mm.  in  the 
female.  It  varies  with  the  length  of  the  coccyx,  and  is  capable  of  increase  or 
diminution,  on  account  of  the  mobility  of  that  bone.  The  tranaverse  diameter, 
measured  between  the  posterior  parts  of  the  ischial  tuberosities,  is  about  1 15  mm. 
in  the  female.' 


Fia.  37B.— Diu 


Axes  (Fig.  380). — A  line  at  right  angles  to  the  plane  of  the  superior  aperture 
at  its  centre  would,  if  prolonged,  pass  through  the  umbilicus  above  and  the  middle 
of  the  coccyx  below;  the  axis  of  the  superior  aperture 
is  therefore  directed  downward  and  backward.  The 
axis  of  the  inferior  aperture,  produced  upward,  would 
touch  the  base  of  the  sacrum,  and  is  also  directed 
downward,  and  slightly  backward.  The  axis  of  the 
cavity — i.  e.,  an  axis  at  right  angles  to  a  series  of 
planes  between  those  of  the  superior  and  inferior 
apertureg^ — is  curved  like  the  cavity  itself:  this  curve 
corresponds  to  the  concavity  of  the  sacrum  and 
coccyx,  the  extremities  being  indicated  by  the  central 
points  of  the  superior  and  inferior  apertures.  A 
knowledge  of  the  direction  of  these  axes  serves  to 
explain  the  course  of  the  fetus  in  its  passage  through 
the  pelvis  during  parturition. 

Position  of  the  Pelvis  (Fig.  380).— In  the  erect 
posture,  the  pelvis  is  placed  obliquely  with  regard 
to  the  trunk:  the  plane  of  the  superior  aperture 
forms  an  angle  of  from  50°  to  60°,  and  that  .of  the 
inferior  aperture  one  of  about  1 5°  with  the  horizontal 
plane.  The  pelvic  surface  of  the  symphysis  pubis 
looks  upward  and  backward,  the  conca\'it\'  of  the 
sacrum  and  coccyx  downward  and  forward.  The  position  of  the  pelvis  in  the  erect 
posture  may  be  indicated  hy  holding  it  so  that  the  anterior  superior  iliac  spines 
and  the  front  of  the  top  of  the  symphysis  pubis  are  in  the  same  vertical  plane. 


1.  380. — Mediin  Mgitta]  sectlfl 
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Differences  between  the  Male  and  female  Pelves. — The  female  pelvis  (Fig. 
382)  is  distinguished  from  that  of  the  mak  (Fig,  381)  by  its  bones  being  more 
delicate  and  its  depth  less.    The  whole  pelvis  is  less  massive,  and  its  muscular 


impressions  are  slightly  marked..  The  ilia  are  less  sloped,  and  the  anterior  iliac 
spines  more  widely  separated;  hence  the  greater  lateral  prominence  of  the  hips. 
The  preauricular  sulcus  is  more. commonly  present  and  better  marked.    The  supe- 


rior aperture  of  the  lesser  pelvis  is  larger  in  the  female  than  in  the  male;  it  is  more 
nearly  circular,  and  its  obliquity  is  greater.  The  cavity  is  shallower  and  wider; 
the  sacrum  is  shorter,  wider,  and  its  upper  part  is  less  curved;   the  obturator 
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foramina  are  triangular  in  shape  and  smaller  in  size  than  in  the  male.  The  inferior 
aperture  is  larger  and  the  coccyx  more  movable.  The  sciatic  notches  are  wider 
and  shallower,  and  the  spines  of  the  ischia  project  le^  inward.  The  acetabula 
are  smaller  and  look  more  distinctly  forward  (Derty*).  The  ischial  tiiberosities 
and  the  acetabula  are  wider  apart,  and  the  former  are  more  everted.  The  pubic 
symphysis  is  less  deep,  and  the  pubic  arch  is  wider  and  more  rounded  than  in  the 
male,  where  it  is  an  angle  rather  than  an  arch. 

The  size  of  the  pelvis  varies  not  only  in  the  two  sexes,  but  also  in  different 
members  of  the  same  sex,  and  does  not  appear  to  be  influenced  in  any  way  by  the 
height  of  the  individual.  Women  of  short  stature,  as  a  rule,  have  broad  pelves. 
Occasionally  the  pelvis  is  equally  contracted  in  all  its  dimensions,  so  much  so 
that  all  its  diameters  measure  12.5  mm.  less  than  the  average,  and  this  even  in 
well-formed  women  of  average  height.  The  principal  divergences,  however,  are 
found  at  the  superior  aperture,  and  affect  the  relation  of  the  antero-posterior 
to  the  transverse  diameter.  Thus  the  superior  aperture  may  be  elliptical  either 
in  a  transverse  or  an  antero-posterior  direction,  the  transverse  diameter  in  the 
former,  and  the  antero-posterior  in  the  latter,  greatly  exceeding  the  other  diameters; 
in  other  instances  it  is  almost  circular. 

In  the  foetus,  and  for  several  years  after  birth,  the  pelvis  is  small  in  proportion 
to  that  of  the  adult,  and  the  projection  of  the  sacro vertebral  angle  less  marked. 
The  characteristic  differences  between  the  male  and  female  pelvis  are  distinctly 
indicated  as  early  as  the  fourth  month  of  fetal  life. 

Apptied  Anatomy. — There  is  arrest  of  development  in  the  bones  of  the  pelvis  in  cases  of  extro- 
version of  the  bladder;  the  anterior  part  of  the  pelvic  girdle  is  deficient,  the  superior  rami  of 
the  piibes  are  imperfectly  developed,  and  the  symphysis  is  absent.  ''The  pubic  bones  are  sepa- 
rated to  the  extent  of  from  two  to  four  inches,  the  superior  rami  shortened  and  directed  forward, 
and  the  obturator  foramen  diminished  in  size,  narrowed,  and  turned  outward.  The  iliac  bones 
are  straightened  out  more  than  normal.  The  sacnmi  is  v^ry  peculiar.  The  lateral  curve,  instead 
of  being  concave,  is  flattened  out  or  even  convex,  with  the  iliosacral  facets  turned  more  outward 
than  normal,  while  the  vertical  curve  is  straightened.'** 

Fractures  of  the  pelvis  are  divided  into  those  of  the  greater  and  those  of  the  lesser  pelvis. 
Fractures  of  the  greater  pelvis  vary  in  extent;  a  small  portion  of  the  crest  may  be  broken,  or  one 
of  the  spinous  processes  may  be  torn  off,  or  the  bone  may  be  extensively  comminuted.  This 
latter  accident  is  the  result  of  some  crushing  violence,  and  may  be  complicated  with  fracture 
of  the  lesser  pelvis.  These  cases  may  be  accompanied  by  injury  to  the  intestine  as  it  lies  in  the 
hollow  of  the  bone,  or  to  the  iliac  vessels  as  they  course  along  the  margin  of  the  lesser  pelvis. 
A  fracture  of  the  lesser  pelvis  generally  occurs  through  the  superior  ramus  of  the  pubis  and  the 
inferior  ramus  of  the  ischimn,  as  these  are  the  weakest  parts  of  the  bony  ring,  and  may  be  caused 
either  by  crushing  violence  applied  in  an  antero-posterior  direction,  when  the  fracture  occurs 
from  direct  force,  or  by  compression  laterally,  when  thcfftcetabula  are  pressed  together  and  the 
bone  gives  way  in  the  same  place  from  indirect^  violehc6. 1  Sometimes  kotlv  sides  of  the  pelvis 
are  fractured,  and  it  is  in  these  cases  that  th^'^conlfiS^ ^j|4peia  jp:^ lil^^!^<>  ^^  injured:  the 
urethra,  the  bladder,  the  rectum,  the  small  intestines,  the  vagina,  *an^  €ven  the  uterus,  have  aU 
been  lacerated  by  displaced  fragments.  Fractures  of  the  acetabulum  are  occasionally  met  with; 
either  a  portion  of  the  rim  may  be  broken  off,  or  a  fracture  may  take  place  through  the  bottom 
of  the  cavity,  and  the  head  of  the  femur  be  driven  into  the  pelvic  cavity.  Separation  of  the 
Y-shaped  cartilage  at  the  bottom  of  the  acetabulum  may  also  occur  in  the  yoimg  subject,  splitting 
the  bone  into  its  three  portions. 

The  coccyx  is  not  infrequently  displaced  forward  to  nearly  a  right  angle  with  the  sacrum  by 
a  kick  or  by  a  fall  backward.  The  condition  is  attended  with  great  pain  in  walking  and  on  mak- 
ing any  expiratory  effort,  such  as  coughing,  defecation,  etc.,  because  the  Coccygei  and  Levatores 
ani  which  form  the  pelvic  diaphragm  are  attached  to  this  bone.  Such  injuries  often  give  rise  to 
severe  persistent  pain,  which  is  exceedingly  intractable  and  difficult  of  cure.  The  condition  is 
known  as  coccygodynia  and  for  its  relief  removal  of  the  coccyx  has  been  practised. 

The  pelvic  bones  often  undergo  important  deformity  in  rickets^  the  effects  of  which  in  the 
adult  woman  may  interfere  seriously  with  child-bearing.  The  deformity  is  due  mainly  to  the 
weight  of  the  trunk,  which  presses  on  the  sacro  vertebral  angle  and  greatly  increases  it,  so  that 
the  antero-posterior  diameter  of  the  pelvis  is  diminished,  and  may  measure  as  little  as  40  mm., 

^  Journal  of  Anatomy  and  Physiology,  vol.  xliii. 

'  Wood,  Heath's  Dictionao'  of  Practical  Surgery,  i,  426. 
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the  entTance  into  the  pelvis  becoming  renifonn.  In  other  cases  all  the  pelvic  bones  give  way, 
ao  that  a  general  diminution  in  all  the  diatneterB  of  the  pelvis  reaults,  the  pelvic  entrance  becom- 
ing triangular  or  asymmetrical.  If  the  pubic  symphysia  be  forced  forward,  the  rickety  pelvis 
may  even  come  to  resemble  closely  the  deformed  pelvis  of  osteomalacia:  in  this  disease  the  weight 
of  the  trank  causes  an  increase  in  the  socrovertebral  angle,  and  a  lessening  of  the  antero-posterior 
diametw  of  the  superior  apertitre,  and  at  the  same  time  the  pressure  of  the  heads  of  the  femora 
on  the  aeetabula  causes  these  cavities,  with  the  adjacent  bone,  to  be  pushed  upward  and  back- 
ward, 80  that  the  oblique  diameters  of  the  pelvis  are  also  diminished,  and  the  cavity  of  the  pelvis 
assumes  a  triradiate  shape,  with  the  symphysis  pubis  pushed  forward. 

The  Temiir  (Thigh  Bone). 

The  femur  (Figs.  384,  385),  the  longest  and  strongest  bone  in  the  skeleton,  is 
almost  perfectly  cylindrical  in  the  greater  part  of  its  extent.  In  the  erect  posture 
it  is  not  vertical,  being  separated  above  from  its  fellow  by  a  considerable  interval, 
which  corresponds  to  the  breadth  of  the  pelvis,  but  inclining  gradually  downward 
and  medialward,  so  as  to  approach  its  fellow  toward  its  lower  part,  for  the  purpose 
of  bringing  the  knee-joint  near  the  line  of  gravity  of  the  body.  The  degree  of  this 
ioc/ination  ^-aries  in  different  persons,  and  is  greater  in  the  female  than  in  the  male, 
on  account  of  the  greater  breadth  of  the  pelvis.  The  femur,  like  other  long  bones, 
is  divisible  into  a  bodr  and  two  extremities. 

Oblurator  inttmtu  and  Gemelli 

lion  of  OblvraloT 


Orealtr  iTochanier 


PiQ.  333.— Upper  ciuomity  of  right  femur  viewed  from  behind  and  above. 

The  ITppet  Extremis  {proximal  extreviiiy.  Fig.  383). — The  upper  extremity 
presents  for  examination  a  head,  a  neck,  a  greater  and  a  lesser  trochanter. 

The  Head  (caput  fenwris). — The  head  which  is  globular  and  forms  rather  more 
than  a  hemisphere,  is  directed  upward,  medialward,  and  a  little  forward,  the  greater 
part  of  its  convexity  being  above  and  in  front.  Its  surface  is  smooth,  coated  with 
cartilage  in  the  recent  state,  except  over  an  ovoid  depression,  the  fovea  capitis 
femoris,  which  is  situated  a  little  below  and  behind  the  centre  of  the  head,  and  gives 
attachment  to  the  ligamentum  teres. 

The  Neck  (collum  femoris). — The  neck  is  a  flattened  pyramidal  process  of  bone, 
coimecting  the  head  with  the  body,  and  forming  with  the  latter  a  wide  angle  open- 
iDg  medialward.  The  angle  is  widest  in  infancy,  and  becomes  lessened  during 
growth,  so  that  at  puberty  it  forms  a  gentle  curve  from  the  axis  of  the  body  of  the 
bone.  In  the  adult,  the  neck  forms  an  angle  of  about  125°  with  the  body,  but  this 
varies  in  inverse  proportion  to  the  development  of  the  pelvis  and  the  stature.    In 


the  female,  in  consequence  of  the 
increased  width  of  the  pelvis,  the 
neck  of  the  femur  forms  more 
nearly  a  right  angle  with  the  body 
than  it  does  in  the  male.  The 
angle  decreases  during  the  period 
of  growth,  but  after  full  growth  has 
been  attained  it  does  not  usually 
undergo  an\-  change,  even  in  old 
age;  it  varies  considerably  in  differ- 
ent persons  of  the  same  age.  It  is 
smaller  in  short  than  in  long  bones, 
and  when  the  pelvis  is  wide.  In 
addition  to  projecting  upward  and 
medialward  from  the  body  of  the 
femur,  the  neck  also  projects  some- 
what forward;  the  amount  of  this 
forward  projection  is  extremely 
variable,  but  on  an  average  is  from 
12=  to  14". 

Theneck  is  flattened  from  before 
backward,  contracted  in  the  middle, 
and  broader  laterally  than  medially. 
The  vertical  diameter  of  the  lateral 
half  is  increased  by  the  obliquity  of 
the  lower  edge,  which  slopes  down- 
ward to  join  the  body  at  the  level 
of  the  lesser  trochanter,  so  that  it 
measures  one-third  more  than  the 
antero-posterior  diameter.  The 
medial  half  is  smaller  and  of  a 
more  circular  shape.  The  anterior 
snrface  of  the  neck  is  perforated  by 
numerous  vascular  foramina.  Along 
the  upper  part  of  the  line  of  junc- 
tion of  the  anterior  surface  with 
the  head  is  a  shallow  groove,  best 
marked  in  elderly  subjects;  this 
groove  lodges  the  orbicular  fibres 
of  the  capsule  of  the  hip>-joint. 
The  posterior  surface  is  smooth,  and 
is  broader  and  more  concave  than 
the  anterior:  the  posterior  part  of 
the  capsule  of  the  hip- joint  is 
attached  to  it  about  1  cm.  above 
the  intertrochanteric  crest.  The 
superior  border  is  short  and  thick, 
and  ends  laterally  at  the  greater 
trochanter;  its  surface  is  perforated 
by  large  foramina.  The  inferior 
border,  long  and  narrow,  curves  a 
little  backward,  to  end  at  the  lesser 
trochanter. 

The  Trochanters. — The  trochan- 
ters are  prominent  processes  which 


afford  leverage  to  the  muscles 
that  rotate  the  thigh  on  its  axis. 
They  are  two  in  number,  the 
greater  and  the  lesser. 

The  Oieatei  Trocliaiiter  (tTO- 
chanter  major;  great  trochanter)  is 
a  large,  irregular,  quadrilateral 
eminence,  situated  at  the  junc- 
tion of  the  neck  with  the  upper 
part  of  the  body.  It  is  directed  a 
little  lateralward  and  backward, 
and,  in  the  adult,  is  about  1  cm. 
lower  than  the  head.  It  has 
two  surfaces  and  four  borders. 
The  lateral  anrtace,  quadrilateral 
in  form,  is  broad,  rough,  convex, 
and  marked  by  a  diagonal  im- 
pression, which  extends  from 
the  postero-superior  to  the 
antero-inferior  angle,  and  serves 
for  the  insertion  of  the  tendon 
of  the  Glutaeus  medius.  Above 
the  impression  is  a  triangular 
surface,  sometimes  rough  for 
part  of  the  tendon  of  the  same 
muscle,  sometimes  smooth  for 
the  interposition  of  a  bursa  be- 
tween the  tendon  and  the  bone. 
Below  and  behind  the  diagonal 
impression  is  a  smooth,  trian- 
gular surface,  over  which  the 
tendon  of  the  Glutaeus  maxi- 
mus  plays,  a  bursa  being  inter- 
posed. The  medial  sortace,  of 
much  less  extent  than  the 
lateral,  presents  at  its  base  a 
deep  depression,  the  trochanteiic 
fossa  (digital  fossa),  for  the  in- 
sertion of  the  tendon  of  the  Ob- 
turator extemus,  and  above  and 
in  front  of  this  an  impression 
for  the  insertion  of  the  Obtura- 
tor intemus  and  Gemelli.  The 
superior  border  is  free;  it  is  thick 
and  irregular,  and  marked  near 
the  centre  by  an  impression  for 
the  insertion  of  the  Piriformis. 
The  interior  border  corresponds 
to  the  line  of  junction  of  the 
base  of  the  trochanter  with  the 
lateral  surface  of  the  body;  it  is 
marked  by  a  rough,  prominent, 
slightly  curved  ridge,  which  gives 
origin  to  the  upper  part  of  the 
Vastus  lateralis.  TTie  anterior 
s  prominent  and  some- 
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what  irregular;  it  affords  insertion  at  its  lateral  part  to  the  Glutaeus  minimus. 
The  posterior  border  is  very  prominent  and  appears  as  a  free,  rounded  edge,  which 
bounds  the  back  part  of  the  trochanteric  fossa. 

The  Lesser  Trochanter  {trochanter  minor;  small  trochanter)  is  a  conical  eminence, 
which  varies  in  size  in  different  subjects;  it  projects  from  the  lower  and  back  part 
of  the  base  of  the  heck.  From  its  apex  three  well-marked  borders  extend;  two  of 
these  are  above — a  medial  continuous  with  the  lower  border  of  the  neck,  a  lateral 
with  the  intertrochanteric  crest;  the  inferior  border  is  continuous  with  the  middle 
division  of  the  linea  aspera.  The  summit  of  the  trochanter  is  rough,  and  gives 
insertion  to  the  tendon  of  the  Psoas  major. 

A  prominence,  of  variable  size,  occurs  at  the  junction  of  the  upper  part  of  the 
neck  with  the  greater  trochanter,  and  is  called  the  tubercle  of  the  femur;  it  is  the 
point  of  meeting  of  five  muscles:  the  Glutaeus  minimus  laterally)  the  Vastus 
lateralis  below,  and  the  tendon  of  the  Obturator  internus  and  two  Gemelli  above. 
Running  obliquely  downward  and  medialward  from  the  tubercle  is  the  intertro- 
chanteric line  (spiral  line  of  the  femur);  it  winds  around  the  medial  side  of  the  body 
of  the  bone,  below  the  lesser  trochanter,  and  ends  about  5  cm.  below  this  eminence 
in  the  linea  aspera.  Its  upper  half  is  rough,  and  affords  attachment  to  the  ilio- 
femoral ligament  of  the  hip-joint;  its  lower  half  is  less  prominent,  and  gives  origin 
to  the  upper  part  of  the  Vastus  medialis.  Running  obliquely  downward  and  medial- 
ward  from  the  summit  of  the  greater  trochanter  on  the  posterior  surface  of  the 
neck  is  a  prominent  ridge,  the  intertrochanteric  crest.  Its  upper  half  forms  the  pos- 
terior border  of  the  greater  trochanter,  and  its  lower  half  runs  downward  and 
medialward  to  the  lesser  trochanter.  A  slight  ridge  is  sometimes  seen  commencing 
about  the  middle  of  the  intertrochanteric  crest,  and  reaching  vertically  downward 
for  about  5  cm.  along  the  back  part  of  the  body:  it  is  called  the  linea  quadrata, 
and  gives  attachment  to  the  Quadratus  femoris  and  a  few  fibres  of  the  Adductor 
magnus.  Generally  there  is  merely  a  slight  thickening  about  the  middle  of 
the  intertrochanteric  crest,  marking  the  attachment  of  the  upper  part  of  the 
Quadratus  femoris. 

The  Body  or  Shaft  (corpus  fem^oris), — The  body,  almost  cylindrical  in  form,  is 
a  little  broader  above  than  in  the  centre,  broadest  and  somewhat  flattened  from 
before  backward  below.  It  is  slightly  arched,  so  as  to  be  convex  in  front,  and  con- 
cave behind,  where  it  is  strengthened  by  a  prominent  longitudinal  ridge,  the  linea 
aspera.  It  presents  for  examination  three  borders,  separating  three  surfaces. 
Of  the  three  borders,  one,  the  linea  aspera,  is  posterior,  one  is  medial,  and  the 
other,  lateral. 

The  linea  aspera  (Fig.  385)  is  a  prominent  longitudinal  ridge  or  crest,  on  the 
middle  third  of  the  bone,  presenting  a  medial  and  a  lateral  lip,  and  a  narrow 
rough,  intermediate  line.  Above,  the  linea  aspera  is  prolonged  by  three  ridges. 
The  lateral  ridge  is  very  rough,  and  runs  almost  vertically  upward  to  the  base  of 
the  greater  trochanter.  It  is  termed  the  gluteal  tuberosity,  and  gives  attachment 
to  part  of  the  Glutaeus  maximus:  its  upper  part  is  often  elongated  into  a  roughened 
crest,  on  which  a  more  or  less  well-marked,  rounded  tubercle,  the  third  trochanter, 
is  occasionally  developed.  The  intermediate  ridge  or  pectineal  line  is  continued 
to  the  base  of  the  lesser  trochanter  and  gives  attachment  to  the  Pectineus;  the 
medial  ridge  is  lost  in  the  intertrochanteric  line;  between  these  two  a  portion  of  the 
Iliacus  is  inserted.  Below,  the  linea  aspera  is  prolonged  into  two  ridges,  enclosing 
between  them  a  triangular  area,  the  popliteal  surface,  upon  which  the  popliteal 
artery  rests.  Of  these  two  ridges,  the  lateral  is  the  more  prominent,  and  descends 
to  the  summit  of  the  lateral  condyle.  The  medial  is  less  marked,  especially  at  its 
upper  part,  where  it  is  crossed  by  the  femoral  artery.  It  ends  below  at  the  summit 
of  the  medial  condyle,  in  a  small  tubercle,  the  adductor  tubercle,  which  affords 
insertion  to  the  tendon  of  the  Adductor  magnus. 
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From  the  medial  lip  of  the  linea  aspera  and  its  prolongations  above  and  below, 
the  Vastus  medialis  arises;  and  from  the  lateral  lip  and  its  upward  prolongation, 
the  Vastus  lateralis  takes  origin.  The  Adductor  magnus  is  inserted  into  the  linea 
aspera,  and  to  its  lateral  prolongation  above,  and  its  medial  prolongation  below^^ 
Between  the  Vastus  lateralis  and  the  Adductor  magnus  two  muscles  are  attached 
— viz.,  the  Glutaeus  maximus  inserted  above,  and  the  short  head  of  the  Biceps 
femoris  arising  below.  Betweeen  the  Adductor  magnus  and  the  Vastus  medialis 
four  muscles  are  inserted:  the  Iliacus  and  Pectineus  above;  the  Adductor  brevis 
and  Adductor  longus  below.  The  linea  aspera  is  perforated  a  little  below  its  centre 
b>'  the  nutrient  canal,  which  is  directed  obliquely  upward. 

The  other  two  borders  of  the  femur  are  only  slightly  marked:  the  lateral  border 
extends  from  the  antero-inferior  angle  of  the  greater  trochanter  to  the  anterior 
extremity  of  the  lateral  condyle;  the  medial  border  from  the  intertrochanteric  line, 
at  a  point  opposite  the  lesser  trochanter,  to  the  anterior  extremity-  of  the  medial 
condyle. 

The  anterior  surface  includes  that  portion  of  the  shaft  which  is  situated  between 
the  lateral  and  medial  borders.  It  is  smooth,  convex,  broader  above  and  below 
than  in  the  centre.  From  the  upper  three-fourths  of  this  surface  the  \'astus  inter- 
medius  arises;  the  lower  fourth  is  separated  from  the  muscle  by  the  intervention 
of  the  synovial  membrane  of  the  knee-joint  and  a  bursa;  from  the  upper  part  of  it 
the  Articularis  genu  takes  origin.  The  lateral  surface  includes  the  portion  between 
the  lateral  border  and  the  linea  aspera;  it  is  continuous  above  with  the  correspond- 
ing surface  of  the  greater  trochanter,  below  with  that  of  the  lateral  condyle:  from 
its  upper  three-fourths  the  Vastus  intermedius  takes  origin.  The  medial  snrfaee 
includes  the  portion  between  the  medial  border  and  the  linea  aspera;  it  is  continu- 
ous above  with  the  lower  border  of  the  neck,  below  with  the  medial  side  of  the 
medial  condyle:  it  is  covered  by  the  Vastus  medialis. 
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Pio,  386.~t«irer  citrwnity  of  dght  lemur  viewed  from  below. 

The  Lower  Extremity  {distal  extremity.  Fig.  3St>). — The  lower  extremity,  larger 
than  the  upper,  is  somewhat  cuboid  in  form,  but  its  transverse  diameter  is  greater 
than  its  antero-posterior;  it  consists  of  two  oblong  eminences  known  as  the  condrles. 
In  front,  the  condjies  are  but  slightly  prominent,  and  are  separated  from  one  another 
by  a  smooth  shallow  articular  depression  called  the  patellar  surface;  behind,  they 
project  considerably,  and  the  inter\'al  between  them  forms  a  deep  notch,  the 
intercofidyhdd  fossa.  The  lateral  condyle  is  the  more  prominent  and  is  the  broader 
both  in  its  antero-posterior  and  transverse  diameters,  the  medial  condyle  is  the 
longer  and,  when  the  femur  is  held  with  its  body  perpendicular,  projects  to  a  lower 
level.  When,  however,  the  femur  is  in  its  natural  oblique  position  the  lower  sur- 
faces of  the  two  condyles  lie  practically  in  the  same  horizontal  plane.  The  condj'les 
are  not  quite  parallel  with  one  another;  the  long  axis  of  the  lateral  is  almost 
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directly  antero-posterior,  but  that  of  the  medial  runs  backward  and  medial  ward. 
Their  opposed  surfaces  are  small^  rough,  and  concave,  and  form  the  walls  of  the 
intercondyloid  fossa.  This  fossa  is  limited  above  by  a  ridge,  the  intercondyloid 
line,  and  below  by  the  central  part  of  the  posterior  margin  of  the  patellar  surface. 
The  posterior  cruciate  ligament  of  the  knee-joint  is  attached  to  the  lower  and  front 
part  of  the  medial  wall  of  the  fossa  and  the  anterior  cruciate  ligament  to  an  impres- 
sion on  the  upper  and  back  part  of  its  lateral  wall.  Each  condyle  is  surmounted 
by  an  elevation,  the  epicondyle.  The  medial  epicondyle  is  a  large  convex  eminence 
to  which  the  tibial  collateral  ligament  of  the  knee-joint  is  attached.  At  its  upper 
part  is  the  adductor  tubercle,  already  referred  to,  and  behind  it  is  a  rough  impres- 
sion which  gives  origin  to  the  medial  head  of  the  Gastrocnemius.  The  lateral 
epicondyle,  smaller  and  less  prominent  than  the  medial,  gives  attachment  to  the 
fibular  collateral  ligament  of  the  knee-joint.  Directly  below  it  is  a  small  depression 
from  which  a  smooth  well-marked  groove  curves  obliquely  upward  and  backward 
to  the  posterior  extremity  of  the  condyle.  This  groove  is  separated  from  the 
articular  surface  of  the  condyle  by  a  prominent  lip  across  which  a  second,  shallower 
groove  runs  vertically  downward  from  the  depression.  In  the  recent  state  these 
grooves  are  covered  with  cartilage.  The  Popliteus  arises  from  the  depression; 
its  tendon  lies  in  the  oblique  groove  when  the  knee  is  flexed  and  in  the  vertical 
groove  when  the  knee  is  extended.  Above  and  behind  the  lateral  epicondyle  is 
an  area  for  the  origin  of  the  lateral  head  of  the  Gastrocnemius,  above  and  to  the 
medial  side  of  which  the  rlantaris  arises. 

The  articular  surface  of  the  lower  end  of  the  femur  occupies  the  anterior,  inferior, 
and  posterior  surfaces  of  the  condyles.  Its  front  part  is  named  the  patellar  surface 
and  articulates  with  the  patella;  it  presents  a  median  groove  which  extends  down- 
ward to  the  intercondyloid  fossa  and  two  convexities,  the  lateral  of  which  is  broader, 
more  prominent,  and  extends  farther  upward  than  the  medial.  The  lower  and 
posterior  parts  of  the  articular  surface  constitute  the  tibial  surfaces  for  articulation 
with  the  corresponding  condyles  of  the  tibia  and  menisci.  These  surfaces  are 
separated  from  one  another  by  the  intercondyloid  fossa  and  from  the  patellar 
surface  by  faint  grooves  which  extend  obliquely  across  the  condyles.  The  lateral 
groove  is  the  better  marked;  it  runs  lateralward  and  forward  from  the  front  part 
of  the  intercondyloid  fossa,  and  expands  to  form  a  triangular  depression.  When 
the  knee-joint  is  fully  extended,  the  triangular  depression  rests  upon  the  anterior 
portion  of  the  lateral  meniscus,  and  the  medial  part  of  the  groove  comes  into  con- 
tact with  the  medial  margin  of  the  lateral  articular  surface  of  the  tibia  in  front 
of  the  lateral  tubercle  of  the  tibial  intercondyloid  eminence.  The  medial  groove 
is  less  distinct  than  the  lateral.  It  does  not  reach  as  far  as  the  intercondyloid 
fossa  and  therefore  exists  only  on  the  medial  part  of  the  condyle;  it  receives  the 
anterior  edge  of  the  medial  meniscus  when  the  knee-joint  is  extended.  Where  the 
groove  ceases  laterally  the  patellar  surface  is  seen  to  be  continued  backward  as 
a  semilunar  area  close  to  the  anterior  part  of  the  intercondyloid  fossa;  this  semi- 
lunar area  articulates  with  the  medial  vertical  facet  of  the  patella  in  forced  flexion 
of  the  knee-joint.  The  tibial  surfaces  of  the  condyles  are  convex  from  side  to  side 
and  from  before  backward.  Each  presents  a  double  curve,  its  posterior  segment 
being  an  arc  of  a  circle,  its  anterior,  part  of  a  cycloid.^ 

Structure. — The  body  of  the  femur  is  a  cylinder  of  compact  tissue,  hollowed  by  a  large  medullary 
canal.  The  wall  of  the  cylinder  is  of  great  thickness  and  density  in  the  middle  third  of  the  body, 
where  the  bone  is  narrowest  and  the  medullary  canal  best  formed;  but  above  and  below  this  the 
wall  becomes  thinner,  while  the  medullary  canal  is  gradually  filled  up  by  cancellous  tissue,  so 
that  the  upper  (Fig.  387)  and  lower  ends  of  the  body,  and  the  articular  extremities  more  especially, 
consist  of  cancellous  tissue,  invested  by  a  thin  compact  layer. 

1  A  cycloid  ia  a  curve  traced  by  a  point  in  the  circumference  of  a  wheel  when  the  wheel  is  rolled  along  in  a  straight 
lino. 
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the  eancelli  in  the  ends  o!  the  femur  are  diBposed  along  the  lines  of  greatest  pressure  and 
t"*!"!!.  In  the  upper  end  (Fig.  388)  the  chief  lamells  are  arranged  in  the  following  majiner, 
**  JTKs  dF  bony  planes  at  right  angles  to  the  articular  surface  of  the  head  converge  to  a  central 


ddiM  Hedge,  which  presents  few  and  dense  eancelli.    The  wedge  is  supported  by  strong  Itunellte, 

whkh  extend  to  the  sides  of  the  oeek  and  are  especially  marked  along  its  upper  and  lower  borders. 

Any  force  therefore  applied  to  the  head  of  the  femur  is  transmitted  directly  to  the  central  wedge 

Md  thence  to  the  junction  of  the  neck  with  the  body.    This 

juoctioD  ifl  especially  strengthened  by  a  scries  of  dense  lamelte 

whisb  ezteod  from  the  lesser  trochanter  to  the  lateral  end  of 

the  mperior  border  of   the   neck;   this   arrangement   will  ob- 

'noudf  oppose  considerable  resistance  to  either  tensile  or 

sitMing  force.    A  smaller  bar  stretching  across  the  junction 

of  the  peater  trochanter  with  the  neck  and  body  resists  the 

staring  force  of   the   muscles  attached  to  this  prominence. 

Tlese  two  bars,  one  at  the  junction  of  body  and  neck,  the 

oUier  St  the  junction  of  body  and  greater  trochanter,  form  the 

upper  layers  of  a  series  of  arches  which  extend  across  between 

the  sides  of  the  body  and  transmit  to  the  body  forces  applied 
lo  the  upper  end  of  the  bone.  Id  the  cancellous  tissue  of  the 
neck  b  a  thin  vertical  plate  of  bone,  the  calcar  femorale,  which 
springs  from  the  compact  wall  of  the  body  in  the  region  of 
the  liaea  aspera.  Medially  it  is  attached  to  the  interior  sur- 
face of  the  posterior  wall  of  the  neck  of  the  bone;  laterally  it 
continues  the  plane  of  the  posterior  wad  of  the  neck  into  the 

greater  trochanter  where  it  shades  off  into  the  genial  caned-        Fio.  a^s,— Scheme  *ho*inB  dispwu- 
k)us  tissue.    It  is  thus  situated  in  a  plane  anterior  to  the  inter-     V'o^  "f  ^Pjj°^^.j  ."^Y^'J^  lameilie 
trochanteric  crest  and  to  the  base  of  the  lesser  trochanter     '"  """"'  "  "*""  *  "    """'' 
(Fig.  389). 

In  the  bwer  end,  the  eancelli  spring  on  all  sides  from  the  inner  surface  of  the  cylinder,  and 
descoid  in  a  perpendicular  direction  to  the  articular  surface,  the  eancelli  being  strongest  and 
haling  a  more  accurately  perpendicular  course  above  the  condyles.    In  addition  to  this,  there 


352  OSTEOLOGY 

are  horizontal  plaaes  of  cancellous  tissue,  so  that  the  spongy  tissue  in  this  situation  presents 
an  appearance  of  being  mapped  out  into  a  series  of  cubical  areas. 

Aiticulatioiu. — The  ferour  articulates  with  three  bones:    the  hip  bone,  tibia,  and  patella. 

Ouifleation  (Figs.  390,  391,  392).— The  femur  is  ossified  from  Jim  centres:  one  for  the  body, 
one  for  the  head,  one  for  each  trochanter,  and  one  for  the  lower  extremity.  Of  all  the  long  bonee, 
except  the  clavicle,  it  is  the  lirst  to  show  traces  of  ossification;  this  commences  in  the  middle  of 
the  body,  at  about  the  seventh  week  of  fetal  Life,  and  rapidly  extends  upward  and  downward. 
The  centres  in  the  epiphyses  appear  in  the  following  order:  in  the  lower  end  of  the  bone,  at  the 
ninth  month  of  fetal  life  (from  this  centre  the  condyles  and  epicondyles  are  formed) ;  in  the  head, 
at  the  end  of  the  first  year  after  birth;  in  the  greater  trochanter,  during  the  fourth  year;  and 
in  the  lesser  trochanter,  between  the  thirteenth  and  fourteenth  years.  The  order  in  which  the 
epiphyses  are  joined  to  the  body  is  the  reverse  of  that  of  their  appearance;  they  are  not  united 
until  after  puberty,  the  lesser  trochanter  being  first  joined,  then  the  greater,  then  the  head,  and, 
lastly,  the  inferior  extremity,  which  is  not  united  until  the  twentieth  year. 


4(Ayfi 


Appeara  at 

body  jotiM  6oJy 

ISJA  y.  ab/mt  ISlA  jrr. 

peon  131A-141A 

xtvt  ISlA  year 


Appean  at  loins  boity  at 

WA  monlh  o]  20iA  year 

fatal  lift 

l^neer  exlrtmily 


Fio.  3110.— PUn  of  w 


Applied  Aiutomy.— The  lower  end  of  the  femur  is  the  only  epiphysis  in  which  ossification  has 
commenced  at  the  time  of  birth.  The  presence  of  this  ossific  centre  is,  therefore,  a  proof,  in  a 
newly  born  child  found  dead,  that  the  child  has  arrived  at  the  full  period  of  uten^estation,  and 
is  always  relied  upon  in  medicolegal  investigations.  The  position  of  the  epiphysial  plat«  should 
be  carefully  noted.  It  is  on  a  level  with  the  adductor  tubercle,  and  the  epiphysis  does  not,  there- 
fore, form  the  whole  of  the  cartilage-clad  portion  of  the  lower  end  of  the  bone.  It  is  essential  to 
bear  this  point  in  mind  in  performing  excision  of  the  knee,  since  growth  in  length  of  the  femur 
takes  place  chiefly  from  the  lower  epiphysis,  and  any  interference  with  the  epiphysial  cartilage 
in  a  young  child  would  involve  such  ultimate  shortenii^  of  the  Umb,  from  want  of  growth,  as  to 
render  the  limb  almost  useless.    .Separation  of  the  lower  epiphysis  may  take  place  up  to  the  age 
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of  twenty,  at  which  time  it  becomes  completely  joined  to  the  body  of  the  bone>  but,  as  a  matter 
of  fact,  few  cases  occur  after  the  age  of  sixteen  or  seventeen.  The  epiphysis  of  the  head  of  the 
femur  is  the  seat  of  origin,  in  a  large  number  of  cases,  of  tuberculous  disease  of  the  hip-joint. 
In  the  majority  of  cases  the  disease  begins  in  the  highly  vascular  and  growing  tissue  at  the 
end  of  the  body  in  the  neighborhood  of  the  epiphysial  cartilage,  and  extends  into  the  joint.  The 
^iphysis  for  the  head  is  entirely  intracapsular. 

Fractures  of  the  femur  are  divided,  like  those  of  the  other  long  bones,  into  fractures  of  the 
upper  end;  of  the  body;  and  of  the  lower  end.  The  fractures  of  the  upper  end  may  be  classified 
into  (1)  fracture  of  the  neck;  (2)  fracture  at  the  junction  of  the  neck  with  the  greater  trochanter: 
(3)  fracture  of  the  greater  trochanterj  and  (4)  separation  of  the  epiphysis,  either  of  the  head  or 
of  the  greater  trochanter.  The  first  of  these,  fracture  of  the  neck,  is  usually  termed  intracapsular 
fracture,  but  this  is  scarcely  a  correct  designation,  as,  owing  to  the  attachment  of  the  articular 
capsule,  the  fracture  is  partly  within  and  partly  without  the  capsule  when  the  fracture  occurs 
at  the  lower  part  of  the  neck.    It  generally  takes  place  in  old  people,  principally  women,  and 


Fig.  301. — ^Epiphysial  lines  of  femur  in  a  young 
Miah.  Anterior  aspect.  The  Unee  of  attachment  of 
the  artieaUr  capsules  are  in  blue. 


Fig.  392. — Epiphysial  lines  of  femur  in  a  young  adult. 
Posterior  aspect.  The  lines  of  attachment  of  the  articular 
capsules  are  in  blue. 


usually  from  a  very  slight  degree  of  indirect  violence.  Probably  the  main  cause  of  its  occurrence 
in  old  people  is  the  senile  degenerative  change  which  takes  place  in  the  bone.  Merkel  believes 
that  it  is  mainly  due  to  the  absorption  of  the  calcar  femorale.  As  a  rule  the  fragments  become 
united  by  fibrous  tissue,  but  frequently  no  imion  takes  place,  and  the  opposed  surfaces  become 
smooth  and  ebumated. 

Fractures  at  the  junction  of  the  neck  with  the  greater  trochanter  are  usually  termed  extra- 
captvlary  but  this  designation  is  also  incorrect,  as  the  fracture  is  partly  within  the  capsule,  owing 
to  its  attachment  in  front  to  the  intertrochanteric  line,  which  is  situated  below  the  line  of  fracture. 
These  fractures  are  produced  by  direct  violence  to  the  greater  trochanter,  as  from  a  fall  laterally 
on  the  hip.  From  the  manner  in  which  the  accident  is  caused  the  neck  of  the  bone  is  driven  into 
the  trochanter,  where  it  may  remain  impacted,  or  the  trochanter  may  be  split  into  two  or  more 
fragments,  disimpaction  resulting. 

Fractures  of  the  body  may  occur  at  any  part,  but  the  most  usual  situation  is  at  or  near  the 
centre  of  the  bone.  They  may  be  caused  by  direct  or  indirect  violence.  Fractures  of  the  upper 
third  of  the  body  are  ahnoet  always  the  result  of  indirect  violence,  while  those  of  the  lower  third 

23 
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are  the  result,  for  the  most  part,  of  direct  violence.  Fractures  of  the  body  are  Kenerally  oblique, 
but  they  may  be  transverse,  longitudinal,  or  spiral.  The  transverse  fracture  occurs  moat  fre- 
quently in  children.  The  fractures  of  the  lower  end  of  the  femur  include  transver^  fracture 
above  Ihe  condyles,  the  most  common;  and  this  may  be  compUcatcd  by  a  vertical  fracture  be- 
tween the  condyles,  constituting  the  T-shaped  fracture.  In  these  cases  the  popliteal  artery  is  in 
danger  o(  being  wounded.  Oblique  fracture  separating  either  the  medial  or  lateral  condyle,  and 
a  longitudinal  incomplete  fracture  between  the  condyles,  may  also  take  place. 

The  femur  as  well  as  the  other  hones  of  the  1(^  is  frequently  the  »eat  of  acut«  osteomyelitis 
in  children.  This  is  no  doubt  due  to  their  greater  exposure  to  injury,  which  is  often  the  exciting 
cause  of  this  disease.  Necrosis  of  portions  of  the  diaphysis  frequently  ensues,  especially  in  the 
region  of  the  popliteal  surface  of  the  femur,  and  the  disease  may  continue  for  years,  great  trouble 
being  experienced  with  discharging  sinuses  which  periodically  close  and  reopen  to  allow  of  the 
exit  of  a  piece  of  dead  bono. 

Tumors  are  not  infrequently  found  growing  from  the  femur:  the  most  common  forms  being 
sarcoma  which  may  grow  either  from  the  periosteum  or  from  the  medullary  tissue  within  the 
interior  of  the  bone,  and  exostosis  which  commonly  originates  in  the  neighborhood  of  the  epiphysiaJ 
cartilage  of  the  lower  end.  The  periosteal  sarcomata  of  the  femur  and  most  of  the  central  growths 
are  usually  of  a  very  high  degree  of  malignancy,  although  the  "myeloid"  growth,  which  is  of  but 
low  malignancy,  may  also  be  found.  The  region  of  the  lower  epiphysial  line  is  by  far  the  com- 
moner seat  for  all  these  tumors,  and  it  should  be  noted  that  the  lower  epiphysis  has  the  longest 
period  of  active  growth,  and  that  these  tumors  usually  appear  toward  the  end  of  the  period  of 
active  growth  of  the  bone. 

Sarcomata  about  the  upper  end  of  Ihe  femur  are  seen  occasionally,  but  very  rarely  in  comparison 
with  those  at  the  lower  end.  Secondary  carcinoma  also  occurs  in  this  bone,  moBt  conimonly  due 
to  a  primarj'  focus  in  the  breast,  and  spontaneous  fracture  of  the  bone  may  take  place  in  these 

The  Patella  (Knee  Cap). 

ITie  patella  (Figs.  ;J93,  394)  is  a  flat,  triangular  bone,  situated  on  the  front  of 
the  knee-joint.  It  is  usually  regarded  as  a  sesamoid  bone,  developed  in  the 
tendon  of  the  Quadriceps  femoris, 
and  resembles  these  bones  (1)  in 
being  developed  in  a  tendon;  (2)  in 
its  centre  of  ossification  presenting 
a  knotty  or  tuberculated  outline; 
(3)  in  being  composed  mainly  of 
dense  cancellous  tissue.  It  serves 
to  protect  the  front  of  the  joint, 
and  increases  the  leverage  of  the 
Quadriceps  femoris  by  making  it 
act  at  a  greater  angle.    It  has  an 


i94,— Right  DHtcl 


anterior  and    a   posterior  surface 


three  borders,  and  an  apex. 

Surfaces.— The  anterior  surface  is  convex,  perforated  by  small  apertures  for  the 
passage  of  nutrient  vesseLs,  and  marked  bj-  numerous  rough,  longitudinal  striw. 
This  surface  is  covered,  in  the  recent  state,  by  an  expansion  from  the  tendon  of 
the  Quadriceps  femoris,  which  is  continuous  below  with  the  superficial  fibres  of 
the  ligamentum  patellae.  It  is  separated  from  the  integument  by  a  bursa.  The 
posterior  surface  presents  abo\e  a  smooth,  oval,  articular  area,  divided  into  two 
facets  h,\-  a  vertical  ridge;  the  ridge  corresponds  to  the  groove  on  the  patellar 
surface  of  the  femur,  and  the  facets  to  the  medial  and  lateral  parts  of  the  same 
surface;  the  lateral  facet  is  the  broader  and  deeper.  Below  the  articular  surface 
is  a  rough,  convex,  non-articular  area,  the.lower  half  of  which  gives  attachment 
to  the  ligamentum  patellae;  the  upper  half  is  separated  from  the  head  of  the  tibia 
by  adip<tse  tissue. 

Borders.— The  base  or  superior  border  is  thick,  and  sloped  from  behind,  down- 
ward, and  forwanl:  it  gives  attachment  to  that  portion  of  the  Quadriceps  femoris 
which  is  derived  from  the  Rectus  femoris  and  Vastus  intermedius.  The  medial  and 
lateral  borders  are  thinner  and  converge  below:  they  give  attachment  to  those 


portions  of  the  Quadriceps  femoris  which  are  derived  from  the  VastJ  lateralis  and 
medialis. 
^>ez. — The  apex  is  pointed,  and  gives  attachment  fo  the  ligamentum  patellae. 

Stractora. — ITie  patella  consists  of  a  nearly  uniform  dense  cancellous  tissue,  covered  by  a 
ihin  compact  lamina.  The  cancelli  immediately  beneath  the  anterior  surface  are  arranged 
parcel  with  it.  In  the  rest  of  the  bone  they  radiate  from  the  articular  surface  toward  the  other 
parts  of  the  bone. 

Ouiflcatton. — ^The  patella  is  ossified  from  a  single  centre,  which  usually  makes  its  appearance 
in  the  second  or  third  year,  but  may  be  delayed  until  the  sixth  year.     More  rarely,  the  bone  is 
developed  by  two  centres,  placed  side  by  aide.    Ossification  is  completed  about  the  age  of  puberty. 
Articulatioii. — -The  patella  articulates  with  the  temur. 

Applied  Anfttomy. — -The  main  surgical  interest  about  the  patella  is  in  connection  with  fractures, 
wtich  are  of  frequent  occurrence.  They  are  most  often  produced  by  muscular  action — ^that  is 
10  say,  by  violent  contraction  of  the  quadriceps  femoris  while  the  limb  is  in  a  position  of  semi- 
flexion, so  that  the  bane  is  snapped  across  the  condyles  of  the  femur  and  the  fracture  is  transverse. 
Fracture  of  the  patella  is  also  produced  by  direct  violence,  such  as  falls  on  the  knee,  and  here 
ihe  fracture  is  usually  stellate  and  the  bone  comminuted.  Owing  to  the  displacement  of  the 
tnigmenta,  and  the  difBculIy  there  is  in  maintaining  them  in  apposition,  union  takes  place  by 
fibrous  tissue  which  may  subsequently  stretch,  producing  wide  separation  of  the  fragments  and 
permanent  lameness.  Truly  satisfactory  results  after  this  fracture  are  generally  only  to  be 
obtained  by  opening  the  joint  and  wiring  the  Iragments  together,  and  this  is  especially  so  when 
there  ie  marked  separation  of  the  fragments  owing  to  laceration  of  the  retinacula. 

It  is  on  anatomical  possibiUty,  if  the  fracture  involve  only  the  lower  and  non-articular  part 
of  the  bone,  tor  this  to  take  place  without  injury  to  the  sjtio vial  membrane  and  without  involving 
the  cflrity  of  the  knee-joint. 

The  Tibia  (Shin  Bone). 

The  tibia  (Figs.  396,  397)  is  situated  at  the  medial  side  of  the  leg,  and, 
excepting  the  femur,  is  the  longest  bone  of  the  skeleton.  It  is  prismoid  in  Form, 
expanded  above,  where  it  enters  into  the 

bee-joint,  contracted  in   the   lower  third,  Tubfroaity 

and  again  enlarged  but  to  a  lesser  extent 
bdow.  In  the  male,  its  direction  is  vertical, 
and  parallel  with  the  bone  of  the  opposite 
side;  but  in  the  female  it  has  a  slightly 
oblique  direction  downward  and  lateralward, 
to  compensate  for  the  greater  obliquity  of 
the  femur.    It  has  a  body  and  two  extremities. 

The  Upper  Extremity  {proj-imat  extremity). 
—The  upper  extremity  is  large,  and  expandeti 
into  two  eminences,  the  medial  and  lateral 
coDdftes.  The  snperior  articular  surface  pre- 
sents two  smooth  articular  facets  (Fig.  39o). 

The  medial  facet,  oval  in  shape,  is  slightl,\-        InUnondyloid  emintnce 
eoncave  from  side  to  side,  and  from  before  I'm.  siw— L'pp*r  BurfB«-oiriKhitibi«. 

backward.    The   lateral,  nearly  circular,  is 

<oneaie  from  side  to  aide,  but  slightly  con\-ex  from  before  backward,  especially 
at  il3  posterior  part,  where  it  is  prolonged  on  to  the  posterior  surface  for  a 
Snort  distance.  The  central  portions  of  these  facets  articulate  with  the  con- 
dyles of  the  femur,  while  their  peripheral  jwrtions  support  the  menisci  of  the 
[jnee-joint,  which  here  intervene  between  the  two  bones.  Between  the  artic- 
ular facets,  but  nearer  the  posterior  than  the  anterior  aspect  of  the  bone,  is  the 
inteieoDd;loid  eminence  {spine  of  tibia),  surmounted  on  either  side  b,\'  a  prominent 
tubercle,  on  to  the  sides  of  which  the  articular  facets  are  prolonged;  in  front  of 
and  behind  the  intercondyloid  eminence  are  rough  depressions  for  the  attachment 
of  the  anterior  and  posterior  cruciate  ligaments  ami  the  menisci..  The  anterior 
rarfftMsof  the  condyles  are  continuous  with  one  another,  forming  a  large  somewhat 
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.^rtKwiar  capsu/c  flattened  area;  this  area  is  trian- 

gular, broad  above,  and  perforated 
by  large  vascular  foramina;  narrow- 
below  where  it  ends  in  a  large  ob- 
long elevation,  the  taberositf  of 
the  tibia,  which  gives  attachment 
to  the  ligamentum  patellae;  a 
bursa  intervenes  between  the  deep 
surface  of  the  ligament  and  the 
part  of  the  bone  immediately 
above  the  tuberosity'.  Posteriorly, 
the  condyles  are  separated  from 
each  other  by  a  shallow  depres- 
sion, the  posterior  intercondrloid 
foBsa,  which  gives  attachment  to 
part  of  the  posterior  cruciate  liga- 
ment of  the  knee-joint.  The 
medial  condyle  presents  posteriorly 
a  deep  transverse  groove,  for  the 
insertion  of  the  tendon  of  the 
Semimembranosus.  Its  medial 
surface  is  convex,  rough,  and 
prominent ;  it  gives  attachment 
to  the  tibial  collateral  ligament. 
The  lateral  condyle  presents  pos- 
teriorly a  flat  articular  facet,  nearly 
circular  in  form,  directed  down- 
ward, backward,  and  lateralward, 
for  articulation  with  the  head  of 
the  fibula.  Its  lateral  surface  is 
convex,  rough,  and  prominent  in 
front:  on  it  is  an  eminence,  situated 
on  a  level  with  the  upper  border 
of  the  tuberosity  and  at  the  junc- 
tion of  its  anterior  and  lateral 
surfaces,  for  the  attachment  of 
the  iliotibial  band.  Just  below 
this  a  part  of  the  Extensor  digi- 
torum  longus  takes  origin  and  a 
slip  from  the  tendon  of  the  Biceps 
femoris  is  inserted. 

The  Body  or  Shaft  (corpus  tibiae} . 
—The  body  has  three  borders  and 
three  surfaces. 

Borders. — The  anterior  crest  or 
border,  the  most  prominent  of  the 
three,  commences  above  at  the 
tuberosity,  and  ends  below  at  the 
anterior  margin  of  the  medial 
malleolus.  It  is  sinuous  and 
prominent  in  the  upper  two-thirds 
of  its  extent,  but  smooth  and 
jI'is  rounded  below;  it  gives  atta<'h- 
L-iterai  imitkolui  fflcnt   to   the   deep   fa^icia  of   the 

6.-Bonp>  ot  ll,c  right  leg.     Anletior  surfBce-  l^g. 


The  medi&l  border  is  smooth  and  rounded  above  and  below,  but  more  protninent 
in  the  centre;  it  begins  at  the  back  part  of  the  medial  condyle,  and  ends  at  the 
posterior  border  of  the  medial 
malleolus;  its  upper  part  gives 

attachment  to  the  tibial  collat-     ^^^^,j^  Articjdar 

eral  ligament  of  the  knee-joint       eapmk  styloid  * 

to  the  extent  of  about  5  cm.,  pmet^a 

and  insertion  to  some  fibres  of 
the  Popliteus;  from  its  middle 
third  some  fibres  of  the  Soleus 
and  Flexor  digitorum  longus 
take  origin. 

The  interosseous  crest  or  lat- 
tnl  border  is  thin  and  promi- 
nent, especially  its  central  part, 
and  gives  attachment  to  the 
interosseous  membrane;  it  com- 
mences above  in  front  of  the 
fibular  articular  facet,  and 
bifurcates  below,  to  form  the 
boundaries  of  a  triangular  rough 
surface,  for  the  attachment  of 
the  interosseous  ligament  con- 
necting the  tibia  and  fibula. 

Snitues. — The  medial  mrtace 
is  smooth,  con%'ex,  and  broader 
above  than  below;  its  upper 
third,  directed  forward  and 
.  medialward,  is  covered  by  the 
aponeurosis  derived  from  the 
tendon  of  the  Sartorius,  and  by 
the  tendons  of  the  Gracilis  and 
Semitendinosus,  all  of  which 
are  inserted  nearly  as  far  for- 
ward as  the  anterior  crest;  in 
the  rest  of  its  extent  it  is  sub- 
cutaneous. 

TheUteral  sorface  is  narrower 
than  the  medial;  its  upper  two- 
thirds  present  a  shallow  groove 
for  the  origin  of  the  Tibialis 
anterior;  its  lower  third  is 
smooth,  convex,  curves  grad- 
ually forward  to  the  anterior 
aspect  of  the  bone,  and  is 
covered  by  the  tendons  of  the 
Tibialis  anterior.  Extensor  hal- 
lucis  longus,  and  Extensor  digi- 
torum longus,-  arranged  In  this 
order  from  the  medial  side. 

The  posterior  snitace  (Fig.  397) 
presents,  at   its  upper  part,  a 

prominent  ridge,  the  popliteal  . 

linB,   which   extends   obliquely  jrt.ruiaJ  ropjule 

downward  from  the  back  part  of  fio.  397.— Bone,  gf  Uw  right  \«x.     Pwlwior  surfuce. 
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the  articular  facet  for  the  fibula  to  the  medial  border,  at  the  junction  of  its  upper 
and  middle  thirds;  it  marks  the  lower  limit  of  the  insertion  of  the  Popliteus,  serves 
for  the  attachment  of  the  fascia  covering  this  muscle,  and  gives  origin  to  part  of 
the  Holeus,  Flexor  digitorum  longus,  and  Tibialis  posterior.  The  triangular  area, 
above  this  line,  gives  insertion  to  the  Popliteus.  The  middle  third  of  the  posterior 
surface  isdividedby  a  vertical  ridge  into  two  parts;  the  ridge  begins  at  the  popliteal 
line  and  is  well-marked  above,  but  indistinct  below;  the  medial  and  broader  por- 
tion gives  origin  to  the  Flexor  digitorum  longus,  the  lateral  and  narrower  to  part 
of  the  Tibialis  posterior.  The  remaining  part  of  the  posterior  surface  is  smooth 
and  covered  by  the  Tibialis  posterior,  Flexor  digitorum  longus,  and  Flexor  hallucis 
longus.  Immediately  below  the  popliteal  line  is  the  natrient  foramen,  which  is 
large  and  directed  obliquely  downward. 

The  Lower  Extremity  {distal  extremUy). — The  lower  extremity,  much  smaller 
than  the  upper,  presents  five  surfaces;  it  is  prolonged  downward  on  its  medial 
side  as  a  strong  process,  the  medial  mallooloa. 

Surfaces. — The  inferior  articular  surface  is  quadrilateral,  and  smooth  for  articu- 
lation with  the  talus.  It  is  concave  from  before  backward,  broader  in  front  than 
behind,  and  traversed  from  before  backward  by  a  slight  elevation,  separating 
two  depressions.    It  is  continuous  with  that  on  the  medial  malleolus. 


VpptT  txCrrmily 


Apprara  btfoi 
thorUy  after  1 


Lower  extremity  \  ^^  \  \^ 

Flo.  3Wt.— Pl»n  of  oiisiflrMion  ot  the  tibis.     Prom  three  Fio.  309.— Epiphysial  linn  o(  tibia  and  fibula 

The  anterior  surface  of  the  lower  extremity  is  smooth  and  rounded  above,  and 
covered  by  the  tendons  of  the  Extensor  muscles;  its  lower  margin  presents  a  rough 
traiis\'erse  depression  for  the  attachment  of  the  articular  capsule  of  the  ankle- 
joint. 

The  posterior  surface  is  tra\'erse«I  by  a  shallow  groo\e  directed  obliquel\-  down- 
ward and  me<lialwar(I,  continuous  with  a  simitar  groove  on  the  posterior  surface 
of  the  talus  and  serving  for  the  passage  of  the  tendon  of  the  Flexor  hallucis  longus. 

The  lateral  smlace  presents  a  triangular  rough  depression  for  the  attachment 
of  the  inferior  interosseou.s  ligament  connecting  it  with  the  fibula;  the  lower  part 
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of  this  depression  is  smooth,  covered  with  cartilage  in  the  recent  state,  and  articu- 
lates with  the  fibula.  The  surface  is  bounded  by  two  prominent  borders,  con- 
tinuous above  with  the  interosseous  crest;  thev  afford  attachment  to  the  anterior 
and  posterior  ligaments  of  the  lateral  malleolus. 

The  medial  surface  is  prolonged  downward  to  form  a  strong  pyramidal  process, 
flattened  from  without  inward — the  medial  malleolus.  The  medial  surface  of  this 
process  is  convex  and  subcutaneous;  its  lateral  or  articular  surface  is  smooth  and 
slightly  concave,  and  articulates  with  the  talus;  its  anterior  border  is  rough,  for 
the  attachment  of  the  anterior  fibres  of  the  deltoid  ligament  of  the  ankle-joint; 
its  posterior  border  presents  a  broad  groove,  the  malleolar  sulcus,  directed  obliquely 
downward  and  medialward,  and  occasionally  double;  this  sulcus  lodges  the  tendons 
of  the  Tibialis  posterior  and  Flexor  digitorum  longus.  The  summit  of  the  medial 
malleolus  is  marked  by  a  rough  depression  behind,  for  the  attachment  of  the 
deltoid  ligament. 

Stracture. — The  structure  of  the  tibia  is  like  that  of  the  other  long  bones.  The  compact  wall 
of  the  body  is  thickest  at  the  junction  of  the  middle  and  lower  thirds  of  the  bone. 

Ossifieatian. — The  tibia  is  ossified  from  three  centres  (Figs.  398,  399) :  one  for  the  body  and 
one  for  either  extremity.  Ossification  begins  in  the  centre  of  the  body,  about  the  seventh  week 
of  fetal  life,  and  gradually  extends  toward  the  extremities.  The  centre  for  the  upper  epiphysis 
appears  before  or  shortly  after  birth ;  it  is  flattened  in  form,  and  has  a  thin  tongue-shaped  process 
in  front,  which  forms  the  tuberosity  (Fig.  399) ;  that  for  the  lower  epiphysis  appears  in  the  second 
year.  The  lower  epiphysis  joins  the  body  at  about  the  eighteenth,  and  the  upper  one  joins  about 
the  twentieth  year.  Two  additional  centres  occasionally  exist,  one  for  the  tongue-shaped  process 
of  the  upper  epiphysis,  which  forms  the  tuberosity,  and  one  for  the  medial  malleolus. 

Artiealstioiui. — ^The  tibia  articulates  with  three  bones:    the  femur,  fibula,  and  talus. 

The  Fibula  (Catf  Bone). 

The  fibula  (Figs.  396,  397)  is  placed  on  the  lateral  side  of  the  tibia,  with  which 
it  is  connected  above  and  below.  It  is  the  smaller  of  the  two  bones,  and,  in 
proportion  to  its  length,  the  most  slender  of  all  the  long  bones.  Its  upper 
extremity  is  small,  placed  toward  the  back  of  the  head  of  the  tibia,  below  the  level 
of  the  knee-joint,  and  excluded  from  the  formation  of  this  joint.  Its  lower  extremity 
inclines  a  little  forward,  so  as  to  be  on  a  plane  anterior  to  that  of  the  upper  end; 
it  projects  below  the  tibia,  and  forms  the  lateral  part  of  the  ankle-joint.  The 
bone  has  a  body  and  two  extremities. 

The  Upper  Extremity  or  Head  (capitnlum  fibulae;  proximal  extremity). — The 
upper  extremity  is  of  an  irregular  quadrate  form,  presenting  above  a  flattened 
articular  surface,  directed  upward,  forward,  and  medialward,  for  articulation  with 
a  corresponding  surface  on  the  lateral  condyle  of  the  tibia.  On  the  lateral  side 
is  a  thick  and  rough  prominence  continued  behind  into  a  pointed  eminence,  the 
apex  {styloid  process) j  which  projects  upward  from  the  posterior  part  of  the  head. 
The  prominence,  at  its  upper  and  lateral  part,  gives  attachment  to  the  tendon  of 
the  Biceps  femoris  and  to  the  fibular  collateral  ligament  of  the  knee-joint,  the  liga- 
ment dividing  the  tendon  into  two  parts.  The  remaining  part  of  the  circumference 
of  the  head  is  rough,  for  the  attachment  of  muscles  and  ligaments.  It  presents  in 
front  a  tubercle  for  the  origin  of  the  upper  and  anterior  fibres  of  the  Peronaeus 
lon^s,  and  a  surface  for  the  attachment  of  the  anterior  ligament  of  the  head; 
and  behind,  another  tubercle,  for  the  attachment  of  the  posterior  ligament  of  the 
head  and  the  origin  of  the  upper  fibres  of  the  Soleus. 

The  Body  or  Shaft  {corpus  fibular). — ^The  body  presents  four  borders — the 
antero-lateral,  the  antero-medial,  the  postero-lateral,  and  the  postero-medial ;  and 
four  surfaces — anterior,  posterior,  medial,  and  lateral. 

Borders. — The  antero-lateral  border  begins  above  in  front  of  the  head,  runs  ver- 
tically downward  to  a  little  below  the  middle  of  the  bone,  and  then  curving  some- 
what lateralward,  bifurcates  so  as  to  embrace  a  triangular  subcutaneous  surface 
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immediately  above  the  lateral  malleolus.  This  border  gives  attachment  to  an 
intermuscular  septum,  which  separates  the  Extensor  muscles  on  the  anterior 
surface  of  the  leg  from  the  Peronaei  longus  and  brevis  on  the  lateral  surface. 

The  antero-medial  border,  or  interoBseous  crest,  is  situated  close  to  the  medial 
side  of  the  preceding,  and  runs  nearly  parallel  with  it  in  the  upper  third  of  its 
extent,  but  diverges  from  it  in  the  lower  two-thirds.  It  begins  above  just  beneath 
the  head  of  the  bone  (sometimes  it  is  quite  indistinct  for  about  2.5  cm.  below  the 
head),  and  ends  at  the  apex  of  a  rough  triangular  surface  immediately  above  the 
articular  facet  of  the  lateral  malleolus.  It  serves  for  the  attachment  of  the  inter- 
osseous membrane,  which  separates  the  Extensor  muscles  in  front  from  the  Flexor 
muscles  behind. 

The  postero-lateral  border  is  prominent;  it  begins  above  at  the  apex,  and  ends 
below  in  the  posterior  border  of  the  lateral  malleolus.  It  is  directed  lateralward 
above,  backward  in  the  middle  of  its  course,  backward,  and  a  little  medial  ward 
below,  and  gives  attachment  to  an  aponeurosis  which  separates  the  Peronaei  on 
the  lateral  surface  from  the  Flexor  muscles  on  the  posterior  surface. 

The  postero-medial  border,  sometimes  called  the  oblique  line,  begins  above  at  the 
medial  side  of  the  head,  and  ends  by  becoming  continuous  with  the  interosseous 
crest  at  the  lower  fourth  of  the  bone.  It  is  well-marked  and  prominent  at  the  upper 
and  middle  parts  of  the  bone.  It  gives  attachment  to  an  aponeurosis  which  sep- 
arates the  Tibialis  posterior  from  the  Soleus  and  Flexor  hallucis  longus. 

Surfaces. — The  anterior  surface  is  the  interval  between  the  antero-lateral  and 
antero-medial  borders.  It  is  extremely  narrow  and  flat  in  the  upper  third  of  its 
extent;  broader  and  grooved  longitudinally  in  its  lower  third;  it  serves  for  the 
origin  of  three  muscles:  the  Extensor  digitorum  longus.  Extensor  hallucis  longus, 
and  Peronaeus  tertius. 

The  posterior  surface  is  the  space  included  between  the  postero-lateral  and  the 
postero-medial  borders;  it  is  continuous  below  with  the  triangular  area  above 
the  articular  surface  of  the  lateral  malleolus;  it  is  directed  backward  above,  back- 
ward and  medialward  at  its  middle,  directly  medialward  below.  Its  upper  third 
is  rough,  for  the  origin  of  the  Soleus;  its  lower  part  presents  a  triangular  surface, 
connected  to  the  tibia  by  a  strong  interosseous  ligament;  the  intervening  part  of 
the  surface  is  covered  by  the  fibres  of  origin  of  the  Flexor  hallucis  longus.  Near 
the  middle  of  this  surface  is  the  nutrient  foramen,  which  is  directed  downward. 

The  medial  surface  is  the  interval  included  between  the  antero-medial  and  the 
postero-medial  borders.    It  is  grooved  for  the  origin  of  the  Tibialis  posterior. 

The  lateral  surface  is  the  space  between  the  antero-lateral  and  postero-lateral 
borders.  It  is  broad,  and  often  deeply  grooved;  it  is  directed  lateralward  in  the 
upper  two-thirds  of  its  course,  backward  in  the  lower  third,  where  it  is  continuous 
with  the  posterior  border  of  the  lateral  malleolus.  This  surface  gives  origin  to 
the  Peronaei  longus  and  brevis. 

The  Lower  Extremity  or  Lateral  Malleolus  (malleolus  lateralis;  distal  extremity; 
external  malleolus), — ^The  lower  extremity  is  of  a  pyramidal  form,  and  somewhat 
flattened  from  side  to  side;  it  descends  to  a  lower  level  than  the  medial  malleolus. 
The  lateral  surface  is  convex,  subcutaneous,  and  continuous  with  the  triangular, 
subcutaneous  surface  on  the  lateral  side  of  the  body.  The  medial  surface  (Fig. 
400)  presents  in  front  a  smooth  triangular  surface,  convex  from  above  downward, 
which  articulates  with  a  corresponding  surface  on  the  lateral  side  of  the  talus. 
Behind  and  beneath  the  articular  surface  is  a  rough  depression,  which  gives  attach- 
ment to  the  posterior  talofibular  ligament.  The  anterior.border  is  thick  and  rough, 
and  marked  below  by  a  depression  for  the  attachment  of  the  anterior  talofibular 
ligament.  The  posterior  border  is  broad  and  presents  the  shallow  malleolar  sulcus, 
for  the  passage  of  the  tendons  of  the  Peronaei  longus  and  brevis.  The  summit 
is  rounded,  and  give  attachment  to  the  calcaneofibular  ligament. 
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Aiticnlfttiona. — The  fibula  articulateB  with  two  boDes:  the  tibia  and  talus. 
Osn&cstion. — The  fibula  is  oasified  from  thrte  centres  (Fig.  401) :  one  for  the  body,  and  one 
fof  other  end.  Ossification  begins  in  the  body  about  the  eighth  week  of  fetal  life,  and  extends 
toward  the  extremities.  At  birth  the  enda  are  cartilaginous.  Ossification  comijenceB  in  the 
lower  end  in  the  second  year,  aad  in  the  upper  about  the  fourth  year.  The  lower  epiphysis, 
the  first  to  ossify,  unites  with  the  body  about  the  twentieth  year;  the  upper  epiphysis  joins 
about  the  twenty-fifth  year. 

&nli«d  AoAtOinjr  ol  th0  Tibu  Uid  Fibula. — In  fractures  of  the  bones  of  the  leg,  both  bones 
are  generally  involved,  hut  either  bone  may  be  broken  separately,  the  fibula  more  frequently 
than  the  tibia.  Fracture  of  both  bones  may  be  caused  by  either  direct  or  indirect  violence.  When 
it  occurs  from  indirect  force,  the  fracture  in  the  tibia  is  at  the  junction  of  the  middle  and  lower 
thirds  of  the  bone.  Many  causes  conduce  to  render  this  the  weakest  part  of  the  bone.  The 
fracture  of  the  fibula  is  usually  at  a  rather  higher  level.  These  fractures  present  great  variety, 
both  >a  r^arda  their  direction  and  condition.  They  may  be  oblique,  transverse,  longitudmal, 
or  sfaral.  When  oblique,  they  are  for  the  most  part  the  result  of  indirect  violence,  and  the  direc- 
tion ot  the  fracture  is  downward,  forward,  and  medialward  in  many  cases,  but  may  be  down- 
ward and  lateralward,  or  downward  and  backward.  When  transverse,  the  fracture  is  often  at 
tlw  upper  part  of  the  bone,  and  is  the  result  of  direct  violence.  The  spiral  fracture  of  the  tibia 
generally  starts  as  a  vertical  fissure,  involving  the  ankle-joint,  and  is  associated  with  fracture  of 
the  Gbida  higher  up.    It  is  the  result  of  torsion,  from  twisting  of  the  body  while  the  foot  is  fixed. 

Upper  extremity 
Appears  aboul 


Fractures  of  the  tibia  alone  are  almost  always  the  result  of  direct  violence,  except  where  the 
nalleolua  is  broken  off  by  twists  of  the  foot.  Fnicturea  of  the  fibula  alone  may  arise  from  indirect 
or  direct  force,  those  of  the  lower  end  being  usually  the  result  of  the  former,  and  those  higher 
up  being  caused  by  a  direct  bbw  on  the  part. 

The  tibia  is  the  bone  which  is  most  commonly  and  most  extensively  distorted  in  rickets.  It 
bends  at  the  junction  of  the  middle  and  lower  third,  its  weakest  part,  and  presents  a  curve  forward 
with  generally  some  lateral  displacement. 

The  tibia  is  more  often  the  seat  of  acute  infective  necrosis  than  any  other  bone  in  the  body, 
"nd  with  the  formation  of  the  sequestrum,  a  large  amount  of  new  bony  material  is  thrown  out 
by  the  periosteum.  The  sequence  of  events  in  this  disease  can  be  very  closely  followed  in  the 
tue  of  the  tibia,  and  it  is  not  uncommon  to  find  a  patient  from  whom  the  whole  diapbysis  of  the 
tibi*  has  been  removed,  going  about  with  a  new  bone  entirely  of  periosteal  formation.  Chronic 
bwe  abecfss  is  more  frequently  met  with  in  the  cancellous  tissue  of  the  head  or  lower  end  of  the 
ubia  than  in  any  other  bone  in  the  body.  These  abscesses  are  very  chronic,  and  in  most  cases 
uie  result  of  tuberctilotis  osteitis,  although  they  are  sometimes  due  to  the  organisms  of  suppura- 
twn  or  even  the  BaciUut  (yphoaug. 
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THE  FOOT. 


The  skeleton  of  the  foot  (Figs.  403  and  404)  consists  of  three  parts:  the  tarsus, 
infltat&raiis,  and  pbalui;«s. 

The  Tarsus  (Ossa  Tarsi). 

The  tarsal  bones  are  seven  in  number,  viz.,  the  calcaneoa,  tahts,  cuboid,  nawolar, 
and  the  first,  second,  and  third  caneitonns. 


lateral  pToceas  of  lubrToeili/ 
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Gmcts  for  inttrOBteiis  ligament 
Kio,  402— The  Left  cHlraneiu.     A.  Poslcro-Utenl  visv.     B.  ADlero-medial  view. 

The  Calcaneus  {us  calns)  (Fig.  402). — The  calcaneus  is  the  largest  of  the  tarsal 
bones.  It  is  situated  at  the  lower  and  back  part  of  the  foot,  serving  to  transmit 
the  ^-eight  of  the  bodj-  to  the  ground,  and  forming  a  strong  lever  for  the  muscles 
of  the  calf.  It  is  irregularly  cuboidal  in  form,  having  its  long  axis  directed  forward 
and  lateralw:ard ;  it  presents  for  examination  six  surfaces. 

Surfaces.— The  superior  surface  extends  behind  on  to  that  part  of  the  bone  which 
projects  backward  to  form  the  heel.    This  varies  in  length  in  different  individuals, 
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is  convex  from  side  to  side,  concave  from  before  backward,  and  supports  a  mass  of 
fat  placed  in  front  of  the  tendo  calcaneus.  In  front  of  this  area  is  a  large  usually 
somewhat  oval-shaped  facet,  the  posterior  articular  surface,  which  looks  upward 
and  forward;  it  is  convex  from  behind  fonivard,  and  articulates  with  the  posterior 
calcaneal  facet  on  the  under  surface  of  the  talus.  It  is  bounded  anteriorly  by  a 
deep  depression  which  is  continued  backward  and  medialward  in  the  form  of  a 
groove,  the  calcaneal  sulcus.  In  the  articulated  foot  this  sulcus  lies  below  a  similar 
one  on  the  under  surface  of  the  talus,  and  the  two  form  a  canal  (sinus  tarsi)  for  the 
lodgement  of  the  interosseous  talocalcaneal  ligament.  In  front  and  to  the  medial 
side  of  this  groove  is  an  elongated  facet,  concave  from  behind  forw-ard,  and  with  its 
long  axis  directed  forward  and  lateralward.  This  facet  is  frequently  divided  into 
two  by  a  notch :  of  the  two,  the  posterior,  and  larger  is  termed  the  middle  articular 
SQilace;  it  is  supported  on  a  projecting  process  of  bone,  the  sustentaculum  tali, 
and  articulates  with  the  middle  calcaneal  facet  on  the  under  surface  of  the  talus; 
the  anterior  articular  surface  is  placed  on  the  anterior  part  of  the  body,  and  articu- 
lates with  the  anterior  calcaneal  facet  on  the  talus.  The  upper  surface,  anterior 
and  lateral  to  the  facets,  is  rough  for  the  attachment  of  ligaments  and  for  the  origin 
of  the  Extensor  digitorum  brevis. 

The  inferior  or  plantar  surface  is  uneven,  wider  behind  than  in  front,  and  convex 
from  side  to  side;  it  is  boimded  posteriorly  by  a  transverse  elevation,  the  calcaneal 
tuberosity,  which  is  depressed  in  the  middle  and  prolonged  at  either  end  into  a 
process;  the  lateral  process,  small,  prominent,  and  rounded,  gives  origin  to  part 
of  the  Abductor  digiti  quinti;  the  medial  process,  broader  and  larger,  gives  attach- 
ment, by  its  prominent  medial  margin,  to  the  Abductor  hallucis,  and  in  front 
to  the  Flexor  digitorum  brevis  and  the  plantar  aponeurosis;  the  depression  between 
the  processes  gives  origin  to  the  Abductor  digiti  quinti.  The  rough  surface  in 
front  of  the  processes  gives  attachment  to  the  long  plantar  ligament,  and  to  the 
lateral  head  of  the  Quadratus  plantae;  w^hile  to  a  prominent  tubercle  nearer  the 
anterior  part  of  this  surface,  as  well  as  to  a  transverse  groove  in  front  of  the  tubercle, 
is  attached  the  plantar  calcaneocuboid  ligament. 

The  lateral  surface  is  broad  behind  and  narrow  in  front,  flat  and  almost  sub- 
cutaneous; near  its  centre  is  a  tubercle,  for  the  attachment  of  the  calcaneofibular 
ligament.  At  its  upper  and  anterior  part,  this  surface  gives  attachment  to  the 
lateral  talocalcaneal  ligament;  and  in  front  of  the  tubercle  it  presents  a  narrow 
surface  marked  by  two  oblique  grooves.  The  grooves  are  separated  by  an  elevated 
ridge,  or  tubercle,  the  trochlear  process  (peroneal  tubercle),  which  varies  much  in 
size  in  different  bones.  The  superior  groove  transmits  the  tendon  of  the  Peronaeus 
brevis;  the  inferior  groove,  that  of  the  Peronaeus  longus. 

The  medial  surface  is  deeply  concave;  it  is  directed  obliquely  downward  and 
forward,  and  serves  for  the  transmission  of  the  plantar  vessels  and  nerves  into  the 
sole  of  the  foot;  it  affords  origin  to  part  of  the  Quadratus  plantae.  At  its  upper 
and  forepart  is  a  horizontal  eminence,  the  sustentaculum  tali,  which  gives  attach- 
ment to  a  slip  of  the  tendon  of  the  Tibialis  posterior.  This  eminence  is  concave 
above,  and  articulates  with  the  middle  calcaneal  articular  surface  of  the  talus; 
below,  it  is  grooved  for  the  tendon  of  the  Flexor  hallucis  longus;  its  anterior  margin 
gives  attachment  to  the  plantar  calcaneonavicular  ligament,  and  its  medial, 
to  a  part  of  the  deltoid  ligament  of  the  ankle-joint. 

The  anterior  or  cuboid  articular  surface  is  of  a  somewhat  triangular  form.  It  is 
concave  from  above  downw^ard  and  lateralward,  and  convex  in  a  direction  at  right 
angles  to  this.  Its  medial  border  gives  attachment  to  the  plantar  calcaneonavicular 
ligament. 

The  posterior  surface  is  prominent,  convex,  wider  below  than  above,  and  divisible 
into  three  areas.  The  lowest  of  these  is  rough,  and  covered  by  the  fatty  and  fibrous 
tissue  of  the  heiel;  the  middle,  also  rough,  gives  insertion  to  the  tendo  calcaneus 


36ti  OSTEOLOGY 

and  Plantaris;  while  the  highest  is  smooth,  and  is  covered  by  a  bursa  which  inter- 
venes between  it  and  the  tendo  calcaneus. 

—The  calcaneus  articulates  with  two  bones:    the  ttklus  and  cuboid. 

itavidJar  Ntrk  A         TrocUfa  }or  libia 

»i*r«  in/<n>  libio- 
fihtij/tr  ligament 


For  med  malttoliu 


For  navicular 


talocalcoTieal  ligament 


The  Talus  {astragalus;  ankk  hime)  (Fig.  405). — The  talus  is  the  second  largest 
of  the  tarsal  bones.  It  occupies  the  middle  and  upper  part  of  the  tarsus,  support- 
ing the  tibia  above,  resting  upon  the  calcaneus  below,  articulating  on  either  side 
with  the  malleoli,  and  in  front  with  the  navicular.  It  consists  of  a  body,  a  neck, 
and  a  head. 
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The  Body  {corpus  tali). — ^The  superior  surface  of  the  body  presents,  behind,  a 
smooth  trochlear  surface,  the  troclilea,  for  articulation  with  the  tibia.  The  trochlea 
is  broader  in  front  than  behind,  convex  from  before  backward,  slightly  concave 
from  side  to  side:  in  front  it  is  continuous  with  the  upper  surface  of  the  neck  of 
the  bone. 

The  inferior  surface  presents  two  articular  areas,  the  posterior  and  middle  cal- 
caneal surfaces,  separated  from  one  another  by  a  deep  groove,  the  sulcus  tali. 
The  groove  runs  obliquely  forward  and  lateralward,  becoming  gradually  broader 
and  deeper  in  front:  in  the  articulated  foot  it  lies  above  a  similar  groove  upon 
the  upper  surface  of  the  calcaneus,  and  forms,  with  it,  a  canal  (sinus  tarsi)  filled 
up  in  the  recent  state  by  the  interosseous  talocalcaneal  ligament.  The  posterior 
calcaneal  articular  surface  is  large  and  of  an  oval  or  oblong  form.  It  articulates 
with  the  corresponding  facet  on  the  upper  surface  of  the  calcaneus,^  and  is  deepl}' 
concave  in  the  direction  of  its  long  axis  which  runs  forward  and  lateralward  at 
an  angle  of  about  45°  wnth  the  median  plane  of  the  body.  The  middle  calcaneal 
articular  surface  is  small,  oval  in  form  and  slightly  convex;  it  articulates  with  the 
upper  surface  of  the  sustentaculum  tali  of  the  calcaneus. 

The  medial  surface  presents  at  its  upper  part  a  pear-shaped  articular  facet  for 
the  medial  malleolus,  continuous  above  with  the  trochlea;  below  the  articular 
surface  is  a  rough  depression  for  the  attachment  of  the  deep  portion  of  the  deltoid 
ligament  of  the  ankle-joint. 

The  lateral  surface  carries  a  large  triangular  facet,  concave  from  above  downward, 
for  articulation  with  the  lateral  malleolus;  its  anterior  half  is  continuous  above  with 
the  trochlea;  and  in  front  of  it  is  a  rough  depression  for  the  attachment  of  the  atite- 
rior  talofibular  ligament.  Between  the  posterior  half  of  the  lateral  border  of  the 
trochlea  and  the  posterior  part  of  the  base  of  the  fibular  articular  surface  is  a  tri- 
angular facet  (Fawcett*)  which  comes  into  contact  with  the  transverse  inferior 
tibiofibular  ligament  during  flexion  of  the  ankle-joint;  below  the  base  of  this  facet 
is  a  groove  w^hich  affords  attachment  to  the  posterior  talofibular  ligament. 

The  posterior  surface  is  narrow,  and  traversed  by  a  groove  running  obliquely 
downward  and  medialward,  and  transmitting  the  tendon  of  the  Flexor  hallucis 
longus.  Lateral  to  the  groove  is  a  prominent  tubercle,  the  posterior  process,  to 
which  the  posterior  talofibular  ligament  is  attached;  this  process  is  sometimes 
separated  from  the  rest  of  the  talus,  and  is  then  known  as  the  os  trigonum.  Medial 
to  the  groove  is  a  second  smaller  tubercle. 

The  Neck  {collum  tali), — ^The  neck  is  directed  forward  and  medialward,  and 
comprises  the  constricted  portion  of  the  bone  between  the  body  and  the  oval  head. 
Its  npper  and  medial  surfaces  are  rough,  for  the  attachment  of  ligaments;  its  lateral 
surface  is  concave  and  is  continuous  below  w^ith  the  deep  groove  for  the  inter- 
osseous talocalcaneal  ligament. 

The  Head  {caput  tali), — The  head  looks  forward  and  medialward;  its  anterior 
articular  or  navicular  surface  is  large,  oval,  and  convex.  Its  inferior  surface  has  two 
facets,  which  are  best  seen  in  the  recent  condition.  The  medial,  situated  in  front 
of  the  middle  calcaneal  facet,  is  convex,  triangular,  or  semi-oval  in  shape,  and 
rests  on  the  plantar  calcaneonavicular  ligament;  the  lateral,  named  the  anterior 
calcaneal  articular  surface,  is  somewhat  flattened,  and  articulates  with  the  facet  on 
the  upper  surface  of  the  anterior  part  of  the  calcaneus. 

Articulations. — The  talus  articulates  with  four  bones:    tibia,  fibula,  calcaneus,  and  navicular. 

The  Cnboid  Bone  {os  cuboideum)  (Fig.  406). — The  cuboid  bone  is  placed  on  the 
lateral  side  of  the  foot,  in  front  of  the  calcaneus,  and  behind  the  fourth  and  fifth 
metatarsal  bones.    It  is  of  a  pyramidal  shape,  its  base  being  directed  medialward. 

•  Sewell  (Journal  of  Anatoxn}'  and  Physiolog\%  vol.  xxxviii)  pointed  out  that  in  about  10  per  cent,  of  bones  a  small 
trian^lar  facet,  continuous  with  the  posterior  calcaneal  facet,  is  present  at  the  junction  of  the  lateral  surface  of  the 
body  with  the  posterior  wall  of  the  sulcus  tali. 

^  Edinburgh  Medical  Journal,  1895. 
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Snriacea. — ^The  dorsal  surface,  directed  upward  and  lateralward,  is  rough,  for  the 
attachment  of  ligaments.  The  plantar  surface  presents  in  front  a  deep  groove, 
the  peroneal  sulcus,  which  runs  obliquely  forward  and  medialward;  it  lodges  the 
tendon  of  the  Peronaeus  longus,  and  is  bounded  behind  by  a  prominent  ridge, 
to  which  the  long  plantar  ligament  is  attached.  The  ridge  ends  laterally  in  an 
eminence,  the  tuberosltjr,  the  surface  of  which  presents  an  oval  facet;  on  this  facet 
glides  the  sesamoid  bone  or  cartilage  frequently  found  in  the  tendon  of  the  Pero- 
naeus longus.  The  surface  of  bone  behind  the  groove  is  rough,  for  the  attachment 
of  the  plantar  calcaneocuboid  ligament,  a  few  fibres  of  the  Flexor  hallucis  brevis, 
and  a  fasciculus  from  the  tendon  of  the  Tibialis  posterior.  The  lateral  aortace 
presents  a  deep  notch  formed  by  the  commencement  of  the  peroneal  sulcus.    The 
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Fio.  406.— Tbe  kft  cuboid.     A.  Ant«ro- medial  visT.     B.  Poauto-latenl  vitnr. 

posterior  surface  is  smooth,  triangular,  and  concavoHX)nvex,  for  articulation  with 
the  anterior  surface  of  the  calcaneus;  its  infero-medial  angle  projects  backward 
as  a  process  which  underlies  and  supports  the  anterior  end  of  the  calcaneus.  The 
anterior  surface,  of  smaller  size,  but  also  irregularly  triangular,  is  divided  by  a 
vertical  ridge  into  two  facets:  the  medial,  quadrilateral  in  form,  articulates  with 
the  fourth  metatarsal;  the  lateral,  larger  and  more  triangular,  articulates  with  the 
fifth.  The  medial  surface  is  broad,  irregularly  quadrilateral,  and  presents  at 
its  middle  and  upper  part  a  smooth  oval  facet,  for  articulation  with  the  third 
cuneiform;  and  behind  this  (oecasionally)  a  smaller  facet,  for  articulation  with 
the  navicular;  it  is  rough  in  the  rest  of  its  extent,  for  the  attachment  of  strong 
interosseous  ligaments. 

AiticulationB.^The  cuboid  articulates  with  /our  bones:    the  calcaDeus,  third  cuneiform,  and 
fourth  and  lifth  metatarsals;  occasionally  with  a  fifth,  the  navicular. 


cuboid'^  /-.>»■  lalat        Tuberosit!, 


The  Navicular  Bone  (os  naeiciilare  pedk;  scaphoid  bane)  (Fig.  407). — The 
navicular  bone  is  situated  at  the  medial  side  of  the  tarsus,  between  the  talus 
behind  and  the  cuneiform  bones  in  front. 
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Surfaces. — ^The  aoterior  surf  ace  is  convex  from  side  to  side,  and  subdivided  by  two 
lidges  into  tbree  facets,  for  articulation  with  tbe  three  cuneiform  bones.  The 
posterior  suitace  is  oval,  concave,  broader  laterally  than  medially,  and  articulates 
with  the  rounded  bead  of  the  talus.  The  dorsal  surface  is  convex  from  side  to  side, 
and  rough  for  the  attachment  of  ligaments.  The  plantar  surface  is  irregular,  and 
also  rough  for  the  attachment  of  ligaments.  The  medial  surface  presents  a  rounded 
tntwiosity,  the  lower  part  of  which  gives  attachment  to  part  of  the  tendon  of  tbe 
Tibialis  posterior.  The  lateral  surface  is  rough  and  irregular  for  the  attachment  of 
ligaments,  and  occasionally  presents  a  small  facet  for  articulation  with  tbe  cuboid 
bone. 

ArticuUtiona.— Tbe  navicular  articulates  with /our  bonea:  the  talus  and  the  three  cuneifomiBi 
occasionally  with  a  fifth,  the  cuboid. 

The  First  Coneiform  Bone  ((Mcuwei/orm,primMm;irrierwa/cwTi«/orm)  {Fig.  408). — 
The  first  cuneiform  bone  is  the  largest  of  the  three  cuneiforms.  It  is  situated  at  the 
medial  side  of  tbe  foot,  between 

the  navicular  behind  and  the  base  For  2nd  For 

ol  the  first  metatarsal  in  front.  ^'*'  ^''  metalanal  melataTiat      2wi  cumijorm 

Surfaces. — Tbe  medial  surface 
b  subcutaneous,  broad,  and 
quadrilateral;  at  its  anterior 
plantar  angle  is  a  smooth  oval 
impression,  into  which  part  of 
the  tendon  of  tbe  Tibialis  ante- 
rior is  inserted;  in  the  rest  of  its 
extent  it  is  rough  for  the  attach- 
ment of  ligaments.  The  lateral 
snriace   is   concave,    presenting, 

along  its  superior  and  posterior  ^"^  tentUm  of  For  naweuior 

borders  a  narrow  L-shaped  sur-  ™«J..o»ter.or 

face,  the  vertical  limb  and  pos-        ^'^  '"'^-'^''' "'' |"p«S?,^£,™™i  vi.i"'*™"'^'''  ""■ 
terior  part  of  tbe  horizontal  limb 

of  which  articulate  with  the  second  cuneiform,  while  the  anterior  part  of  tbe 
horizontal  limb  articulates  with  the  second  metatarsal  bone;  the  rest  of  this 
surface  is  rough  for  the  attachment  of  ligaments  and  part  of  the  tendon  of  the 
Peronaeus  longus.  The  anterior  surface,  kidney-shaped  and  much  larger  than 
the  posterior,  articulates  with  the  first  metatarsal  bone.  The  posterior  surface 
is  triangular,  concave,  and  articulates  with  the  most  medial  and  largest  of  tbe 
three  facets  on  the  anterior  surface  of  the  navicular.  The  plantar  surface  is 
rough,  and  forms  the  base  of  the  wedge;  at  its  back  part  is  a  tuberosity  for  the 
insertion  of  part  of  the  tendon  of  the  Tibialis  posterior.  It  also  gives  insertion 
in  front  to  part  of  the  tendon  of  the  Tibialis  anterior.  The  dorsal  surface  is  the 
narrow  end  of  tbe  wedge,  and  is  directed  upward  and  tateralward;  it  is  rough  for 
the  attachment  of  ligaments. 


U. — The  first  cuneitorm  articulatee  with  /our  bones;    the  navicular,  second  cunei- 
form, sad  first  and  second  metatarsals. 

The  Second  Cimeifoim  Bone  {os  cumiforme  secundum;  middle  cuneiform)  (Fig, 
W9).— The  second  cuneiform  bone,  the  smallest  of  the  three,  is  of  very  regular 
wedge-like  form,  the  thin  end  being  directed  downward.  It  is  situated  between 
the  other  two  cuneiforms,  and  articulates  with  the  navicular  behind,  and  tbe 
second  metatarsal  in  front. 

Suitues. — The  anterior  surface,  triangular  in  form,  and  narrower  than  the  pos- 
terior, articulates  with  the  base  of  the  second  metatarsal  bone.  Tbe  posterior  sur- 
Isce,  also  triangular,  articulates  with  the  intermediate  facet  on  the  anterior  surface 
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of  the  navicular.  The  mediftl  surface  carries  an  L-shaped  articular  facet,  running 
along  the  superior  and  posterior  borders,  for  articulation  with  the  first  cuneiform, 
and  is  rough  in  the  rest  of  its  extent  for  the  attachment  of  ligaments.  The  lateral 
snrface  presents  posteriorly  a  smooth 
For  \it  cuneiform  f^  navicular     facet  for  articulation  with  the  third 

cuneiform  bone.  The  dorsal  sniface 
forms  the  base  of  the  wedge;  it  is 
quadrilateral  and  rough  for  the  at- 
tachment of  ligaments.  The  plantar 
snrtaee,  sharp  and  tuberculated,  is 
also   rough   for    the    attachment    of 

„    „  ,        , ligaments,  and  for  the  insertion  of  a 

ror2nd,na>Uar»al  For  3rd  cune,for^.  ^^.^  ^^^^   ^^^  tendon  of  the  Tibialis 


Fio.  409.--ThB  left  ■ 


postenor. 


The  Third  Caneifonn  Bone  (os  cuneiforme  iertivm;  external  cuneiform)  (Fig.  410). 
— The  third  cuneiform  bone,  intermediate  in  size  between  the  two  preceding,  is 
wedge-shaped,  the  base  being  uppermost.  It  occupies  the  centre  of  ljie  front  row 
of  the  tarsal  bones,  between  the  second  cuneiform  medially,  the  cuboid  laterally, 
the  navicular  behind,  and  the  third  metatarsal  in  front. 

Surfaces. — The  anterior  surface,  triangular  in  form,  articulates  with  the  third 
metatarsal  boue.  The  posterior  surface  articulates  with  the  lateral  facet  on  the 
anterior  surface  of  the  navicular,  and  is  rough  below  for  the  attachment  of  liga- 
mentous fibres.  The  medial  surface  presents  an  anterior  and  a  posterior  articular 
facet,  separated  by  a  rough  depression:  the  anterior,  sometimes  divided,  articulates 
with  the  lateral  side  of  the  base  of  the  second  metatarsal  bone;  the  posterior  skirts 

FoT4ih 
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Fin.  410— The  left  third  cuneiform.     A.  Pojicro-medUl  view.     B.  Autero-latcnl  view, 

the  posterior  border,  and  articulates  with  the  second  cuneiform;  the  rough  depres- 
sion gives  attachment  to  an  interosseous  ligament.  The  lateral  surface  also  pre- 
sents two  articular  facets,  separated  by  a  rough  non-articular  area;  the  anterior 
facet,  situated  at  the  superior  angle  of  the  bone,  is  small  and  semi-oval  in  shape, 
and  articulates  with  the  medial  side  of  the  base  of  the  fourth  metatarsal  bone; 
the  posterior  and  larger  one  is  triangular  or  oval,  and  articulates  with  the  cuboid; 
the  rough,  non-articular  area  serves  for  the  attachment  of  an  interosseous  ligament. 
The  three  facets  for  articulation  with  the  three  metatarsal  bones  are  continuous 
with  one  another;  those  for  articulation  with  the  second  cuneiform  and  navicular 
are  also  continuous,  but  that  for  articulation  with  the  cuboid  is  usually  separate. 
The  donal  surface  is  of  an  oblong  form,  its  postero-lateral  angle  being  prolonged 
backward.    The  plantar  surface  is  a  rounded  margin,  and  serves  for  the  attachment 


THE  METATARSUS  371 

of  part  of  the  tendon  of  the  Tibialis  posterior,  part  of  the  Flexor  hallucis  brevis, 
and  ligaments. 


The  Metatarsus. 

The  metatarsiu  consists  of  five  bones  which  are  numbered  from  the  medial 
side  (flssa  metatarsalia  I.-V,);  each  presents  for  examination  a  body  and  two 
extremitiea. 

CommoQ  Characteristics  of  the  Metatarsal  Bones. — The  body  is  prismoid  in 
form,  tapers  gradually  from  the  tarsal  to  the  phalangeal  extremity,  and  is  curved 
longitudinally,  so  as  to  be  concave  below,  slightly  convex  above.  The  base  or 
fotXmta  extremltjr  is  wedge-shaped,  articulating  proximally  with  the  tarsal  bones, 
and  by  its  sides  with  the  contiguous  metatarsal  bones:  its  dorsal  and  plantar 
surfaces  are  rough  for  the  attachment  of  ligaments.  The  bead  or  anterior  eztremitr 
presents  a  convex  articular  surface,  oblong  from  above  downward,  and  extend- 
mg  farther  backward  below  than  above.  Its  sides  are  flattened,  and  on  each  is  a 
depression,  surmounted  by  a  tubercle,  for  ligamentous  attachment.  Its  plantar 
surface  is  grooved  antero-ix>sterioriy  for  the  passage  of  the  Flexor  tendons,  and 
marked  on  either  side  by  an  articular  eminence  continuous  with  the  terminal 
articular  surface. 

For  itaamoid  bone* 


itiform      For  2nd 

For  3rd 

Fio,  412— The  second  m 

eUurHl.     (Left.; 

Fia.  «II.— Tbafira 

Characteristics  of  the  iDdividual  Metatarsal  Bones.  —  Tbe  First  Metatarsal 
Bone  {o«  metatarsaU  I;  metatarsal  fcone  of  the  great  toe)  (Fig.  411). — The  first 
metatarsal  bone  is  remarkable  for  its  great  thickness,  and  is  the  shortest  of 
the  metatarsal  bones.  The  body  is  strong,  and  of  well-marked  prismoid  form. 
The  base  presents,  as  a  rule,  no  articular  facets  on  its  sides,  but  occasionally- 
on  the  lateral  side  there  is  an  oval  facet,  by  which  it  articulates  with  the  second 
metatarsal.    Its  proximal  articular  surface  is  of  large  size  and  kidney-shaped;  its 
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of  the  navicular.  The  medi*!  anrface  carries  an  L-shaped  articular  facet,  running 
along  the  superior  and  posterior  borders,  for  articulation  with  the  first  cuneiform, 
and  is  rough  in  the  rest  of  its  extent  for  the  attachment  of  ligaments.  The  Utaral 
surface  presents  posteriorly  a  smooth 
For  i»l  cuntiform  For  navicular     facet  for  articulation  with  the  third 

cuneiform  bone.  The  dorsal  suifacfl 
forms  the  base  of  the  wedge;  it  is 
quadrilateral  and  rough  for  the  at- 
tachment of  ligaments.  The  plantar 
Borface,  sharp  and  tuberculated,  is 
also  rough  for  the  attachment  of 
.         e    1^        r,^  ligaments,  and  for  the  insertion  of  a 

f«-2»J.«etai«r*ai        i-or  3ri  cne./^^  sUp  from  the  tendon  of  the  Tibialis 


Fla.  loe.— The 


posterior. 


ArtteolatioiiB.— The  second  cuneiform  articulatee  with  /our  bonea;  the  navicular,  ficat  and 
third  cuneiforms,  and  second  metatarsal. 

The  Third  Ctineifoim  Bone  (os  cujieifoTme  ieriivm;  external  cuneiform)  (Fig.  410). 
— The  third  cuneiform  bone,  intermediate  in  size  between  the  two  preceding,  is 
wedge-shaped,  the  base  being  uppermost.  It  occupies  the  centre  of  the  front  row 
of  the  tarsal  bones,  between  the  second  cuneiform  medially,  the  cuboid  laterally, 
the  navicular  behind,  and  the  third  metatarsal  in  front. 

Sortacea. — ^The  anterior  surface,  triangular  in  form,  articulates  with  the  third 
metatarsal  bone.  The  posterior  surface  articulates  with  the  lateral  facet  on  the 
anterior  surface  of  the  navicular,  and  is  rough  below  for  the  attachment  of  liga- 
mentous fibres.  The  medial  surface  presents  an  anterior  and  a  posterior  articular 
facet,  separated  by  a  rough  depression:  the  anterior,  sometimes  divided,  articulates 
with  the  lateral  side  of  the  base  of  the  second  metatarsal  bone;  the  posterior  skirts 

ForVh 
For  navictdar    For  2nd  eumi/orm  maaiaraal         For  cuboid 


the  posterior  border,  and  articulates  with  the  second  cuneiform;  the  rough  depres- 
sion gives  attachment  to  an  interosseous  ligament.  The  lateral  sorfaee  also  pre- 
sents two  articular  facets,  separated  by  a  rough  non-articular  area;  the  anterior 
facet,  situated  at  the  superior  angle  of  the  hone,  is  small  and  semi-oval  in  shape, 
and  articulates  with  the  medial  side  of  the  base  of  the  fourth  metatarsal  bone; 
the  posterior  and  larger  one  is  triangular  or  oval,  and  articulates  with  the  cuboid; 
the  rough,  non-articular  area  serves  for  the  attachment  of  an  interosseous  ligament. 
The  three  facets  for  articulation  with  the  three  metatarsal  bones  are  continuous 
with  one  another;  those  for  articulation  with  the  second  cuneiform  and  navicular 
are  also  continuous,  but  that  for  articulation  with  the  cuboid  is  usually  separate. 
The  dorsal  surface  is  of  an  oblong  form,  its  postero-lateral  angle  being  prolonged 
backward.    The  plantar  surface  is  a  rounded  margin,  and  serves  for  the  attachment 
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ol  part  of  the  tendon  of  the  Tibialis  posterior,  part  of  the  Flexor  hallucis  bre\'is, 
&Dd  ligaments. 

Aiticalatioiu. — The  third  cuneiform  articulates  with  *iv  bones:  the  navicular,  second  cunei- 
form, cuboid,  and  second,  third,  and  fourth  metatarsals. 

The  Metatarsus. 

The  metatarsus  consists  of  five  bones  which  are  numbered  from  the  medial 
side  iossa  metatarsalia  I.-V.);  each  presents  for  examination  a  body  and  two 
eztremities. 

Common  Chaiacteristics  of  the  Metatarsal  Bones. — The  body  is  prismoid  in 
form,  tapers  gradually  from  the  tarsal  to  the  phalangeal  extremity,  and  is  curved 
longitudinally,  so  as  to  be  concave  below,  slightly  convex  above.  The  base  or 
posteiioi  eztremitr  is  wedge-shaped,  articulating  proximelly  with  the  tarsal  bones, 
and  by  its  sides  with  the  contiguous  metatarsal  bones:  its  dorsal  and  plantar 
surfaces  are  rough  for  the  attachment  of  ligaments.  The  head  or  anterior  extremity 
presents  a  convex  articular  surface,  oblong  from  above  downward,  and  extend- 
ing farther  backward  below  than  above.  Its  sides  are  flattened,  and  on  each  is  a 
depression,  surmounted  by  a  tubercle,  for  ligamentous  attachment.  Its  plantar 
surface  is  grooved  antero-posteriorly  for  the  passage  of  the  Flexor  tendons,  and 
marked  on  either  side  by  an  articular  eminence  continuous  with  the  terminal 
articular  surface. 


cuneiform      For  2rid  For  'Srd 

Cimtiform  lotigVM  cuneiform  euiieifona 

Fis.  111.— Tliefirat  mMatarul.     (Left.)  Fia.  412.— The  Hcoad  mstaunal.     (Left.) 

Characteristics  of  the  IndiTidoal  Metatarsal  Bones.  —  The    First  Metatarsal 

Bene  {o»  metataraaU  I;  metatarsal  bone  of  the  great  toe)  (Fig.  411). — The  first 
metatarsal  bone  is  remarkable  for  its  great  thickness,  and  is  the  shortest  of 
the  metatarsal  bones.  The  bod;  is  strong,  and  of  well-marked  prismoid  form. 
The  base  presents,  as  a  rule,  no  articular  facets  on  its  sides,  but  occasionally 
on  the  lateral  side  there  is  an  oval  facet,  by  which  it  articulates  with  the  second 
metatarsal.    Its  proximal  articular  surface  is  of  large  size  and  kidney-shaped;  its 
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circumference  is  grooved,  for  the  tarsometatarsal  ligaments,  and  medially  gives 
insertion  to  part  of  the  tendon  of  the  Tibialis  anterior;  its  plantar  angle  presents 
a  rough  oval  prominence  for  the  insertion  of  the  tendon  of  the  Perouaeus  longus. 
The  head  is  large;  on  its  plantar  surface  are  two  grooved  facets,  on  which  glide 
sesamoid  bones;  the  facets  are  separated  by  a  smooth  ele\ation. 

The  Second  Metatarsal  Bone  {oa  metafarsale  II)  (Fig.  412). — ^The  second  meta- 
tarsal bone  is  the  longest  of  the  metatarsal  bones,  being  prolonged  backward, 
into  the  recess  formed  by  the  three  cuneiform  bones.  Its  base  is  broad  above, 
narrow  and  rough  below.  It  presents  four  articular  surfaces:  one  behind,  of  a 
triangular  form,  for  articulation  with  the  second  cuneiform;  one  at  the  upper  part 
of  its  medial  surface,  for  articulation  with  the  first  cuneiform ;  and  two  on  its  lateral 
surface,  an  upper  and  lower,  separated  by  a  rough  non-articular  interval.  Each 
of  these  lateral  articular  surfaces  is  divided  into  two  by  a  vertical  ridge;  the  two 
anterior  facets  articulate  with  the  third  metatarsal;  the  two  posterior  (sometimes 
continuous)  with  the  third  cuneiform.  A  fifth  facet  is  occasionally  present  for 
articulation  with  the  first  metatarsal;  it  is  oval  in  shape,  and  is  situated  on  the 
medial  side  of  the  body  near  the  base. 


cuneiform  ^"^  ^'^  cuneiform  For  Bth  meialara^ 

FiQ.  413.— The  third  meUUraal.     (Left )  Flo.  414.— Tho  founh  metsUirmL.     ll*tl,| 

The  Third  MetatarEal  Bone  (os  melatarsale  III)  (Fig.  413).— The  third  meta- 
tarsal bone  articulates  proximaily,  by  means  of  a  triangular  smooth  surface, 
with  the  third  cuneiform;  medially,  by  two  facets,  with  the  second  metatarsal; 
and  laterally,  bj'  a  single  facet,  with  the  fourth  metatarsal.  This  last  facet  is 
situated  at  the  dorsal  angle  of  the  base. 

The  Fourth  Metatarsal  Bone  {os  vietaiaraale  IV)  (Fig.  414). — The  foiu-th  meta- 
tarsal bone  is  smaller  in  size  than  the  preceding;  its  base  presents  an  oblique 
quadrilateral  surface  for  articulation  with  the  cuboid ;  a  smooth  facet  on  the  medial 
side,  divided  b\-  a  ridge  into  an  anterior  portion  for  articulation  with  the  third 
metatarsal,  and  a  posterior  portion  for  articulation  with  the  third  cuneiform;  on 
the  lateral  side  a  single  facet,  for  articulation  with  the  fifth  metatarsal. 

The  Fifth  Metatarsal  Bone  {os  metatarsale  V)  (Fig.  415).— The  fifth  metatarsal 
bone  is  recognized  by  a  rough  eminence,  the  (aberosity,  on  the  lateral  side  of  its 
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base.  The  bue  articulates  behind,  by  a  triangular  surface  cut  obliquely  in  a  trans- 
verse direction,  with  the  cuboid ;  and  medially,  with  the  fourth  metatarsal.  On 
the  medial  part  of  its  dorsal  surface  is  inserted  the  tendon  of  the  Peronaeus  tertius 
and  on  the  dorsal  surface  of  the  tuberosity  that  of  the  Peronaeus  brevis.  A  strong 
band  of  the  plantar  aponeurosis  connects  the  projecting  part  of  the  tuberosity 
irith  the  lateral  process  of  the  tuberosity  of  the  calcaneus.  The  plantar  surface 
•of  the  base  is  grooved  for  the  tendon  of  the  Abductor  digiti  quinti,  and  gives  origin 
to  the  Flexor  digiti  quinti  brevis. 


mttalartal         For  c-uboid         Tubtrosili/ 
Fia.  415— TheBlthroeUUnuil.     (I^ft.) 

&rtical»tions.— The  base  of  each  metatarBal  bone  articulates  with  one  or  more  of  the  tarsal 
bones,  and  tbe  head  with  one  of  the  first  row  of  phalanges.  The  first  metataraal  articulates  with 
the  first  cun«form,  the  second  with  all  three  cuneiforms,  the  third  with  the  third  cuneifomi,  the 
fourth  with  the  third  cuDeiform  and  the  cuboid,  and  the  fifth  with  the  cuboid. 

The  Phalances  of  the  Foot  (Phalanges  Dicitonun  Pedis). 

The  phalaoffes  of  the  foot  correspond,  in  number  and  general  arrangement, 
with  those  of  the  hand;  there  are  two  in  the  great  toe,  and  three  in  each  of  the 
other  toes.  They  differ  from  them,  however,  in  their  size,  the  bodies  being  much 
reduced  in  length,  and,  especially  in  the  first  row,  laterally  compressed. 

First  Row. — The  phalanges  of  the  first  row  closely  resemble  those  of  the  hand. 
The  bod;  of  each  is  compressed  from  side  to  side,  convex  above,  concave  below. 
The  base  is  concave;  and  the  head  presents  a  trochlear  surface  for  articulation 
with  the  second  phalanx. 

Second  Bow. — The  phalanges  of  the  second  row  are  remarkably  small  and  short, 
but  rather  broader  tJian  those  of  the  first  row. 

The  ancnal  pfaalances,  in  form,  resemble  those  of  the  fingers;  but  they  are  smaller 
and  are  flattened  from  above  downward;  each  presents  a  broad  base  for  articula- 
tion with  the  corresponding  bone  of  the  second  row,  and  an  expanded  distal 
extremity  for  the  support  of  the  nail  and  end  of  the  toe, 

Alticiilktions. — In  the  second,  third,  fourth,  and  fifth  t^ies  the  phalanges  of  the  Urst  row  articu- 
late behind  with  the  metatarsal  bones,  and  in  front  with  the  second  phalanges,  which  in  their 
lum  articulate  with  the  first  and  third:    the  ungual  phalanges  articulate  with  the  second.    In 
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the  great  toe  tte  firet  pbalanx  articulates  prorimally  with  the  metatarsal  bone  and  diatally  with 
the  ungual  phalanx. 

OBiifloation  of  the  Boneg  of  tho  Foot  (Fig.  416).— The  tatul  bones  are  each  ossified  from  a 
tingle  centre,  excepting  the  calcaneus,  which  has  an  epiphysis  for  its  posterior  extremit^T  The 
centres  make  their  appearance  in  the  following  order:  calcaneus  at  the  sixth  month  of  fetal  life; 
talus,  about  the  seventh  month;  cuboid,  at  the  ninth  month;  third  cuneiform,  during  the  first 
year;  first  cuneiform,  in  the  third  year;  second  cuneiform  and  navicular,  in  the  fourth  year. 
The  epiphysis  for  the  posterior  extremity  of  the  calcaneus  appears  at  the  tenth  year,  and  imit«a , 
with  the  rest  of  the  bone  soon  after  puberty.  The  posterior  process  of  the  talus  is  sometimes 
ossified  from  a  separate  centre,  and  may  remain  distinct  from  the  main  mass  of  the  bone,  when 
it  is  named  the  os  trigonum. 


Two  ctnlretfor  each  bane : 

One/orbody  Ippeor*  Sni 

OmJct  head 


18:h-20a  y 


Tux)  centres  for  each  bone  : 
One  for  body 
One  for  nelataraal  ^w  «■"*  vr. 


SB 


(Aw*.  -Jyjf 


The  metatarsal  bones  are  each  ossified  from  fuu  centres:  one  for  the  body,  and  one  for  the 
head,  of  the  second,  third,  fourth,  and  fifth  metatarsals;  one  for  the  body,  and  one  for  the  base, 
of  the  first  metatarsal.'  Ossification  commences  in  the  centre  of  the  body  about  the  ninth  week, 
and  extends  toward  either  extremity.  The  centre  for  the  base  of  the  first  metatarsal  appeals 
about  the  third  year;  the  centres  for  the  beads  of  the  other  bones  between  the  fifth  and  eighth 
years;  they  join  the  bodies  between  the  eighteenth  and  twentieth  years. 

The  pbaUnnsB  are  each  ossified  from  two  centres:  one  for  the  body,  and  one  for  the  base. 
The  centre  for  the  body  appears  about  the  tenth  week,  that  for  the  base  between  the  fourth  and 
tenth  years;  it  joins  the  body  about  the  eighteenth  year. 
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ComiMurison  of  the  Bones  of  the  Hand  and  Foot. 

The  hand  and  foot  are  constructed  on  somewhat  similar  principles,  each  con- 
sisting of  a  proximal  part,  the  carpus  or  the  tarsus,  a  middle  portion,  the  meta- 
carpus, or  the  metatarsus,  and  a  terminal  portion,  the  phalanges.  The  proximal 
part  consists  of  a  series  of  more  or  less  cubical  bones  which  allow  a  slight  amount 
of  gliding  on  one  another  and  are  chiefly  concerned  in  distributing  forces  transmitted 
to  or  from  the  bones  of  the  arm  or  leg.  The  middle  part  is  made  up  of  slightly 
movable  long  bones  which  assist  the  carpus  or  tarsus  in  distributing  forces  and 
also  give  greater  breadth  for  the  reception  of  such  forces.  The  separation  of  the 
individual  bones  from  one  another  allows  of  the  attachments  of  the  Ihterossei  and 
protects  the  dorsi-palmar  and  dorsi-plantar  vascular  anastomoses.  The  terminal 
portion  is  the  most  movable,  and  its  separate  elements  enjoy  a  varied  range  of 
movements,  the  chief  of  which  are  flexion  and  extension. 

The  function  of  the  hand  and  foot  are,  however,  very  different,  and  the  general 
similarity  between  them  is  greatly  modified  to  meet  these  requirements.  Thus  the 
foot  forms  a  firm  basis  of  support  for  the  body  in  the  erect  posture,  and  is  there- 
fore more  solidly  built  up  and  its  component  parts  are  less  movable  on  each  other 
than  those  of  the  hand.  In  the  case  of  the  phalanges  the  difference  is  readily 
noticeable;  those  of  the  foot  are  smaller  and  their  movements  are  more  limited 
than  those  of  the  hand.  Very  much  more  marked  is  the  difference  between  the 
metacarpal  bone  of  the  thumb  and  the  metatarsal  bone  of  the  great  toe.  The  meta- 
carpal bone  of  the  thumb  is  constructed  to  permit  of  great  mobility,  is  directed  at 
an  acute  angle  from  that  of  the  index  finger,  and  is  capable  of  a  considerable  range 
of  movements  at  its  articulation  with  the  carpus.  The  metatarsal  bone  of  the 
great  toe  assists  in  supporting  the  weight  of  the  body,  is  constructed  with  great 
soliditj',  lies  parallel  with  the  otBer  metatarsals,  and  has  a  very  limited  degree  of 
mobility.  The  carpus  is  small  in  proportion  to  the  rest  of  the  hand,  is  placed 
in  line  with  the  forearm,  and  forms  a  transverse  arch,  the  concavity  of  which 
constitutes  a  bed  for  the  Flexor  tendons  and  the  palmar  vessels  and  nerves.  The 
tarsus  forms  a  considerable  part  of  the  foot,  and  is  placed  at  right  angles  to  the 
leg,  a  position  which  is  almost  peculiar  to  man,  and  has  relation  to  his  erect  pos- 
ture. In  order  to  allow  of  their  supporting  the  weight  of  the  body  with  the  least 
expenditure  of  material  the  tarsus  and  a  part  of  the  metatarsus  are  constructed 
in  a  series  of  arches  (Figs.  417,  418),  the  disposition  of  which  will  be  considered 
after  the  articulations  of  the  foot  have  been  described. 


Anatomy. — Considering  the  injuries  to  which  the  foot  is  subjected,  it  is  surprising 
how  seldom  the  tarsal  bones  are  fractured.  This  is  no  doubt  due  to  the  fact  that  the  tarsus  b 
composed  of  a  number  of  bones,  articulated  by  a  considerable  extent  of  surface,  and  joined 
together  by  very  strong  ligaments  which  serve  to  break  the  force  of  violence  applied  to  this  .part 
of  the  body.  When  fracture  does  occur,  these  bones  being  composed  for  the  most  part  of  a  soft 
cancellous  structure,  covered  only  by  a  thin  shell  of  compact  tissue,  are  often  extensively  com- 
minuted, especially  as  most  of  the  fractures  are  produced  by  direct  violence;  and,  as  there  is 
only  a  very  scanty  amount  of  soft  parts  over  the  bones,  the  fractures  are  very  often  compound, 
and  amputation  is  often  necessary. 

When  fracture  occurs  in  the  anterior  group  of  tarsal  bones,  it  is  almost  invariably  the  result 
of  direct  violence;  but  fractures  of  the  posterior  group — that  is,  of  the  calcaneus  and  talus — are 
usually  produced  by  falls  from  a  height  on  to  the  feet. 

In  club-foot  (talipes)  t  especially  in  congenital  cases,  the  bones  of  the  tarsus  become  altered  in 
shape  and  size,  and  displaced  from  their  proper  positions.  This  is  principally  the  case  in  con- 
genital talipes  equinovarus,  in  which  the  head  of  the  talus  becomes  twisted  and  atrophied,  and 
a  similar  condition  may  be  present  in  the  other  bones,  more  especially  the  navicular.  The  tarsal 
bones  are  peculiarly  liable  to  become  the  seat  of  tuberculous  caries  following  comparatively  trivial 
injuries,  especially  as  they  are  not  maintained  in  a  condition  of  rest  to  the  same  extent  as  some 
other  parts  of  the  body  after  similar  injuries.  Caries  of  the  calcaneus  or  talus  may  remain  limited 
to  the  one  bone  for  a  long  period,  but  when  one  of  the  other  bones  is  affected,  the  remainder 
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frequently  become  iovolved,  Bince  the  diaetLse  spreads  through  the  large  and  complicated  synovial 
membrane  which  is  more  or  less  common  to  these  bonee. 

Amputation  of  the  toot  is  often  required  either  for  injury  or  disease.    The  principal  amputa- 
tions are  as  follows:    (1)  Synie's:    amputation  at  the  ankle-ioint  by  a  heel  flap,  with  removal  of 


Fio.  417.— Skeloloo  of  foot.     Mndial  »«pe«, 

the  malleoli  and  sometimes  a  thin  slice  from  the  lower  end  of  the  tibia.  (2)  Pirogoff's:  amputa- 
tion of  the  whole  of  the  tarsal  bones  (except  the  posterior  part  of  the  caicaneus),  and  a  thin  slice 
from  the  tibia  and  fibula,  including  the  two  malleoh.  The  sawn  surface  of  the  calcaneus  is  then 
turned  up  and  united  to  the  cut  surface  of  the  tibia.  (3)  Subastragalar:  amputation  of  the  foot 
below  the  talus  through  the  joint  between  it  and  the  calcaneus. 


Fm.  418.— Skeleton  of  foot.     U.<fni  upcct. 

The  bones  of  the  tarsus  occasionally  require  removal  individually.  This  is  especially  the  case 
with  the  talus  for  tuberculous  disease  limited  to  that  bone;  or  the  talus  may  require  excision  in 
cases  of  subastragalar  dislocation,  or  in  cases  of  inveterate  talipes.  The  cuboid  has  been  removed 
for  the  same  reason. 

Fractures  of  the  metatarsal  bonea  and  phalanges  are  nearly  always  the  result  of  direct  violence. 
and  in  the  majority  of  cases  the  injury  is  caused  by  severe  crushing  accidents,  necessitating 
amputation.  The  metatarsal  bones,  and  especially  that  of  the  great  toe,  are  frequently  diseased, 
either  in  tuberculous  subjects  or  in  patients  with  perforating  ulcer  of  the  foot. 

The  Sesamoid  Bones  (Ossa  Sesamoidea). 

Sesamoid  bones  are  small  more  or  less  rounded  masses  embedded  in  certain 
tendons  and  usually  related  to  joint  surfaces.  Their  functions  probably  are  to 
modify  pressure,  to  diminish  friction,  and  occasionally  to  alter  the  direction  of  a 
muscle  pull.  That  they  are  not  developed  to  meet  certain  physical  requirements 
in  the  adult  is  e^■idenced  by  the  fact  that  they  are  present  as  cartilagionus  nodules 
in  the  fetus,  and  in  greater  numbers  than  in  the  adult.  They  must  be  regarded, 
according  to  Tbilenius,  as  integral  parts  of  the  skeleton  phylogenetically  inherited.' 
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Physical  necessities  probably  come  into  play  in  selecting  and  in  regulating  the 
degree  of  development  of  the  original  cartilaginous  nodules.  Nevertheless,  irreg- 
ular nodules  of  bone  may  appear  as  the  result  of  intermittent  pressure  in  certain 
regions,  e.  g,,  the  "rider's  bone,"  which  is  occasionally  developed  in  the  Adductor 
muscles  of  the  thigh. 

Sesamoid  bones  are  invested  by  the  fibrous  tissue  of  the  tendons,  except  on  the 
surfaces  in  contact  with  the  parts  over  which  they  glide,  where  they  present 
smooth  articular  facets. 

In  the  upper  extremity  the  sesamoid  bones  of  the  joints  are  found  only  on  the 
palmar  surface  of  the  hand.  Two,  of  which  the  medial  is  the  the  larger,  are  constant 
at  the  metacarpophalangeal  joint  of  the  thumb;  one  is  frequently  present  in  the 
corresponding  joint  of  the  little  finger,  and  one  (or  two)  in  the  same  joint  of  the 
index  finger.  Sesamoid  bones  are  also  found  occasionally  at  the  metacarpophal- 
angeal joints  of  the  middle  and  ring  fingers,  at  the  interphalangeal  joint  of  the 
thumb  and  at  the  distal  interphalangeal  joint  of  the  index  finger. 

In  the  lower  extremity  the  largest  sesamoid  bone  of  the  joints  is  the  patella, 
developed  in  the  tendon  of  the  Quadriceps  femoris.  On  the  plantar  aspect  of  the 
foot,  two,  of  which  the  medial  is  the  larger,  are  always  present  at  the  metatar- 
sophalangeal joint  of  the  great  toe;  one  sometimes  at  the  metatarsophalangeal 
joints  of  the  second  and  fifth  toes,  one  occasionally  at  the  corresponding  joint  of 
the  third  and  fourth  toes,  and  one  at  the  interphalangeal  joint  of  the  great  toe. 

Sesamoid  bones  apart  from  joints  are  seldom  found  in  the  tendons  of  the  upper 
limb;  one  is  sometimes  seen  in  the  tendon  of  the  Biceps  brachii  opposite  the  radial 
tuberosity.  They  are,  however,  present  in  several  of  the  tendons  of  the  lower 
limb^  viz.,  one  in  the  tendon  of  the  Peronaeus  longus,  where  it  glides  on  the  cuboid; 
one,  appearing  late  in  life,  in  the  tendon  of  the  Tibialis  anterior,  opposite  the  smooth 
facet  of  the  first  cuneiform  bone;  one  in  the  tendon  of  the  Tibialis  posterior,  oppo- 
site the  medial  side  of  the  head  of  the  talus;  one  in  the  lateral  head  of  the  Gastroc- 
nemius, behind  the  lateral  condyle  of  the  femur;  and  one  in  the  tendon  of  the  Psoas 
major,  where  it  glides  over  the  pubis.  Sesamoid  bones  are  found  occasionally 
in  the  tendon  of  the  Glutaeus  maximus,  as  it  passes  over  the  greater  trochanter, 
and  in  the  tendons  which  wind  around  the  medial  and  lateral  malleoli. 
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rpHE  bones  of  the  skeleton  are  joined  to  one  another  at  different  parts  of  their 
-*-  surfaces,  and  such  connections  are  termed  Joints  or  Articulations.  Where 
the  joints  are  immovable,  as  in  the  articulations  between  practically  all  the  bones 
of  the  skull,  the  adjacent  margins  of  the  bones  are  almost  in  contact,  being  separated 
merely  by  a  thin  layer  of  fibrous  membrane,  named  the  sutural  ligament.  In  certain 
regions  at  the  base  of  the  skull  this  fibrous  membrane  is  replaced  by  a  layer  of  car- 
tilage. Where  slight  movement  combined  with  great  strength  is  required,  the  osseous 
surfaces  are  united  by  tough  and  elastic  fibrocartilages,  as  in  the  joints  between  the 
A'ertebral  bodies,  and  in  the  interpubic  articulation.  In  the  jreely  Tnovahle  joints 
the  surfaces  are  completely  separated;  the  bones  forming  the  articulation  are  ex- 
panded for  greater  convenience  of  mutual  connection,  covered  by  cartilage  and 
enveloped  by  capsules  of  fibrous  tissue.  The  cells  lining  the  interior  of  the  fibrous 
capsule  form  an  imperfect  membrane — the  synovial  membrane — which  secretes 
a  lubricating  fluid.  The  joints  are  strengthened  by  strong  fibrous  bands  called 
ligaments,  which  extend  between  the  bones  forming  the  joint. 

Bone. — Bone  constitutes  the  fundamental  element  of  all  the  joints.  In  the 
long  bones,  the  extremities  are  the  parts  which  form  the  articulations;  they  are 
generally  somewhat  enlarged;  and  consist  of  spongy  cancellous  tissue  with  a  thin 
coating  of  compact  substance.  In  the  flat  bones,  the  articulations  usually  take 
place  at  the  edges;  and  in  the  short  bones  at  various  parts  of  their  surfaces.  The 
layer  of  compact  bone  which  forms  the  joint  surface,  arid  to  which  the  articular 
cartilage  is  attached,  is  called  the  articular  lamella.  It  differs  from  ordinary 
bone  tissue  in  that  it  contains  no  Haversian  canals,  and  its  lacunae  are  larger 
and  have  no  canaliculi.  The  vessels  of  the  cancellous  tissue,  as  they  approach 
the  articular  lamella,  turn  back  in  loops,  and  do  not  perforate  it;  this  layer  is  con- 
sequently denser  and  firmer  than  ordinary  bone,  and  is  evidently  designed  to  form 
an  unyielding  support  for  the  articular  cartilage. 

Articular  Cartilage. — Articular  cartilage,  which  covers  the  articular  surfaces  of 
bones,  and  fibrocartilages,  which  enters  into  the  structure  of  some  of  the  joints, 
are  described  in  the  section  on  Histology  (pages  47  and  48). 

Ligaments. — Ligaments  are  composed  mainly  of  bundles  of  white  fibrous  tissue 
placed  parallel  with,  or  closely  interlaced  with  one  another,  and  present  a  white, 
shining,  silvery  appearance.  They  are  pliant  and  flexible,  so  as  to  allow  perfect 
freedom  of  movement,  but  strong,  tough,  and  inextensible,  so  as  not  to  yield 
readily  to  applied  force.  Some  ligaments  consist  entirely  of  yellow  elastic  tissue, 
as  the  ligamenta  flava  which  connect  together  the  laminae  of  adjacent  vertebrae, 
and  the  ligamentum  nuchae  in  the  lower  animals.  In  these  cases  the  elasticity  of 
the  ligament  is  intended  to  act  as  a  substitute  for  muscular  power. 

The  Articular  Capsules. — ^The  articular  capsules  form  complete  envelopes  for  the 
freely  movable  .joints.  Each  capsule  consists  of  two  strata — an  external  (stratum 
fibrosum)  composed  of  white  fibrous  tissue,  and  an  internal  (stratum  syrvomale) 
which  is  a  secreting  layer,  and  is  usually  described  separately  as  the  synovial 
membrane. 

The  fibrous  capsule  is  attached  to  the  whole  circumference  of  the  articular  end 
of  each  bone  entering  into  the  joint,  and  thus  entirely  surrounds  the  articulation. 
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The  aynoTial  membrane  invests  the  inner  surface  of  the  fibrous  capsule,  and  is 
reflected  over  any  tendons  passing  through  the  joint  cavity,  as  the  tendon  of  the 
Popliteus  in  the  knee,  and  the  tendon  of  the  Biceps  brachii  in  the  shoulder.  It  is 
composed  of  a  thin,  delicate,  connective  tissue,  with  branched  connective-tissue 
corpuscles  Its  secretion  is  thick,  viscid,  and  glairy,  like  the  white  of  an  egg,  and 
is  hence  termed  synovia.  In  the  fetus  this  membrane  is  said,  by  Toynbee,  to  be 
continued  over  the  surfaces  of  the  cartilages;  but  in  the  adult  such  a  continuation 
is  wanting,  excepting  at  the  circumference  of  the  cartilage,  upon  which  it  encroaches 
for  a  short  distance  and  to  which  it  is  firmly  attached.  In  some  of  the  joints  the 
synovial  membrane  is  thrown  into  folds  which  pass  across  the  cavity;  they  are 
especially  distinct  in  the  knee.  In  other  joints  there  are  flattened  folds,  subdivided 
at  their  margins  into  fringe-like  processes  which  contain  convoluted  vessels. 
These  folds  generally  project  from  the  synovial  membrane  near  the  margin  of  the 
cartilage,  and  lie  flat  upon  its  surface.  They  consist  of  connective  tissue,  covered 
with  endothelium,  and  contain  fat  cells  in  variable  quantities,  and,  more  rarely, 
isolated  cartilage  cells;  the  larger  folds  often  contain  considerable  quantities  of 
fat. 

Closely  associated  with  synovial  membrane,  and  therefore  conveniently  described 
in  this  section,  are  the  mucous  sheaths  of  tendons  and  the  mucous  bursse. 

Mueous  sheaths  (vaginae  mucosae)  serve  to  facilitate  the  gliding  of  tendons  in 
fibroosseous  canals.  Each  sheath  is  arranged  in  the  form  of  an  elongated  closed 
sac,  one  layer  of  which  adheres  to  the  wall  of  the  canal,  and  the  other  is  reflected 
upon  the  surface  of  the  enclosed  tendon.  These  sheaths  are  chiefly  found  surround- 
ing the  tendons  of  the  Flexor  and  Extensor  muscles  of  the  fingers  and  toes  as  they 
pass  through  fibroosseous  canals  in  or  near  the  hand  and  foot. 

Bursae  mucosae  are  interposed  between  surfaces  which  glide  upon  each  other. 
They  consist  of  closed  sacs  containing  a  minute  quantity  of  clear  viscid  fluid,  and 
may  be  grouped,  according  to  their  situations,  under  the  headings  suhcutaneous, 
auhmuscular,  svbfacial,  and  suhtendinmis, 

CLASSIFICATION   OF  JOINTS. 


The  articulations  are  divided  into  three  classes:  synarthroses  or  immovable, 
amphiarthroses  or  slightly  movaj^le,  and  diarthroses  or  freely  movable,  joints. 

Synarthroses  (immovable  articulations), — Synarthroses  include  all  those  articu- 
lations in  which  the  surfaces  of  the  bones  are  in  almost  direct  contact,  fastened 
together  by  intervening  conniective  tissue  or  hyaline  cartilage,  and  in  which  there 
is  no  appreciable  motion,  as  in  the  joints  between  the  bones  of  the  skull,  excepting 
those  of  the  mandible.  There  are  four  varieties  of  synarthrosis:  sutura,  schindylesis, 
gomphosis,  and  synchondrosis. 


Periosteum 


Suiural  ligament 


Cartilage 


FiQ.  419. — Section  across  the  sagittal  suture. 


Perichondrium 

Periosteum 

Fio.  420. — Section  throush  occipitoflphenoid  synchon' 

drosis  oT  an  infant. 


Sutura. — Sutura  is  that  form  of  articulation  where  the  contiguous  margins  of  the 
bones  are  united  by  a  thin  laver  of  fibrous  tissue;  it  is  met  with  onlv  in  the  skull 
(Fig.  419).  When  the  margins  of  the  bones  are  connected  by  a  series  of  processes, 
and  indentations  interlocked  together,  the  articulation  is  termed  a  true  suture 
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(futuTa  vera);  and  of  this  there  are  three  varieties:  sutura  deiitata,  serrata,  and 
limbosa.  The  margins  ot  the  bones  are  not  in  direct  contact,  being  separated  b.\-  a 
thin  layer  of  fibrous  tissue,  continuous  externally  wi.th  the  pericranium,  internally 
with  the  dura  mater.  The  sutura  dentkta  is  so  called  from  the  tooth-like  form  of 
the  projecting  processes,  as  in  the  suture  between  the  parietal  bones.  In  the 
ontttrk  seirata  the  edges  of  the  bones  are  serrated  like  the  teeth  of  a  fine  saw,  as 
between  the  two  portions  of  the  frontal  bone.  In  the  satura  limbosa,  there  is  besides 
the  interlocking,  a  certain  degree  of  bevelling  of  the  articular  surfaces,  so  that  the 
bones  overlap  one  another,  as  in  the  suture  between  the  parietal  and  frontal  bones. 
^\'hen  the  articulation  is  formed  by  roughened  surfaces  placed  in  apposition  with 
one  another,  it  is  termed  a  false  aatore  (avturarwtka),  of  which  there  are  two  kinds: 
the  sutura  squamosa,  formed  by  the  overlapping  of  contiguous  bones  by  broad 
beveUed  margins,  as  in  the  squamosal  suture  between  the  temporal  and  parietal, 
and  the  sntnra  harmonia,  where  there  is  simple  apposition  of  contiguous  rough 
surfaces,  as  in  the  articulation  between  the  maxillte,  or  between  the  horizontal 
parts  of  the  palatine  bones. 

Schindylesu. — Schindylesis  is  that  form  or  articulation  in  which  a  thin  platti 
of  bone  is  received  into  a  cleft  or  fissure  formed  by  the  separation  of  two  lamince  in 
another  bone,  as  in  the  articulation  of  the  rostrum  of  the  sphenoid  and  perpendicular 
plate  of  the  ethmoid  with  the  vomer,  or  in  the  reception  of  the  latter  in  the  fissure 
between  the  maxillje  and  between  the  palatine  bones. 

Qomphgsia. — Gomphosis  is  articulation  by  the  insertion  of  a  conical  process  into 
a  socket;  this  is  not  illustrated  by  any  articulation  between  bones,  properly  so 
called,  but  is  seen  in  the  articulations  of  the  roots  of  the  teeth  with  the  alveoli 
of  the  mandible  and  maxillte. 

SjnchoiidroBis. — Where  the  connecting  medium  is  cartilage  the  joint  is  termed 
a  synchondrosis  (Hg.  420).  This  is  a  temporary  form  of  joint,  for  the  cartilage 
is  converted  into  bone  before  adult  life.  Such  joints  are  found  between  the 
epiphyses  and  bodies  of  long  bones,  between  the  occipital  and  the  sphenoid  at, 
and  for  some  years  after,  birth,  and  between  the  petrous  portion  of  the  temporal 
and  the  jugular  process  ot  the  occipital, 

Ampbiarthroses    {slightly   movable    artieulatiom). — In    these   articulations    the 
contiguous  bony  surfaces  are  either  connected  by  broad  flattened  disks  of  fibro- 
cartiiage,  of  a  more  or  less  complex  struc- 
ture, as   in   the   articulations  between  the 
bodies  of  the  vertebne;  or  are  united  by  an  ^^ 

interosseous  ligament,   as    in   the    inferior  ^""^ »/ 

tibio6bular  articulation.    The  first  form  is     ^^^"^^j^ 
termed  a  symphysis  (Fig,  421),  the  second 
a  syndesmosis. 

DiarthrOaeS  (freely   mOVabh  articulations).        Fm.  Wl.— Diagiammatic  section  of  a  symphy™. 

— ^This  class  includes  the  greater  number 

of  the  joints  in  the  body.  In  a  diarthrodial  joint  the  contiguous  bony  surfaces 
are  covered  with  articular  cartilage,  and  connected  by  ligaments  lined  bj-  synovial 
membrane  (Fig.  422).  The  joint  may  be  divided,  completely  or  incompletely, 
by  an  articaUr  disk  or  meniscus,  the  periphery  of  which  is  continuous  with 
the  fibrous  capsule  while  its  free  surfaces  are  covered  bv  synovial  membrane 
(Fig.  423). 

The  varieties  of  joints  in  this  class  have  been  determined  b\-  the  kind  of  motion 
permitted  in  each.  There  are  two  varieties  in  which  the  movement  is  uniaxial,  that 
is  to  say,  alt  movements  take  place  around  one  axis.  In  one  form,  the  cinglymus, 
this  axis  is,  practically  speaking,  transverse;  in  the  other,  the  trochoid  or  pivot- 
joint,  it  is  longitudinal.  There  are  two  varieties  where  the  movement  is  biaxial, 
or  around  two  horizontal  axes  at  right  angles  to  each  other,  or  at  any  intervening 
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axis  between  the  two.  These  are  the  condrloid  and  the  sftddle-joliit.  There  is 
one  form  where  the  movement  is  polyaxial,  the  enarthrosis  or  ball-and-socket  joiiit; 
and  finally  there  are  the  airthrodia  or  gliding  joints. 


cartilage 
mtinbranc 


GintlymuB  or  Hingfl-joint. — In  this  form  the  articular  surfaces  are  moulded 
to  each  other  in  such  a  manner  as  to  permit  motion  only  in  one  plane,  forward 
and  backward,  the  extent  of  motion  at  the  same  time  being  considerable.  The 
direction  which  the  distal  bone  takes  in  this  motion  is  seldom  in  the  same  plane 
as  that  of  the  axis  of  the  proximal  bone;  there  is  usually  a  certain  amount  of  devia- 
tion from  the  straight  line  during  flexion.  The  articular  surfaces  are  connected 
together  by  strong  collateral  ligaments,  which  form  -their  chief  bond  of  union. 
The  best  examples  of  ginglymus  are  the  interphalangeal  joints  and  the  joint  between 
the  humerus  and  ulna;  the  knee-  and  ankle-joints  are  less  typical,  as  they  allow 
a  slight  degree  of  rotation  or  of  side-to-side  movement  in  certain  positions  of  the 
limb. 

Trochoid  or  PiTOt-joint  {artieulatio  troekaidea;  rotary  joint). — Where  the  movement 
is  limited  to  rotation,  the  joint  is  formed  by  a  pivot-like  process  turning  within 
a  ring,  or  a  ring  on  a  pivot,  the  ring  being  formed  partly  of  bone,  partly  of  ligament. 
In  the  proximal  radioulnar  articulation,  the  ring  is  formed  by  the  radial  notch 
of  the  ulna  and  the  annular  ligament;  here,  the"  head  of  the  radius  rotates  within 
the  ring.  In  the  articulation  of  the  odontoid  process  of  the  axis  with  the  atlas 
the  ring  is  formed  in  front  by  the  anterior  arch,  and  behind  by  the  transverse 
ligament  of  the  atlas;  here,  the  ring  rotates  around  the  odontoid  process. 

Condyloid  Articulatioii  {artictdatio  ellipsoidea)  .—In  this  form  of  joint,  an  ovoid 
articular  surface,  or  condyle,  is  received  into  an  elliptical  cavity  in  such  a  manner 
as  to  permit  of  flexion,  extension,  adduction,  abduction,  and  circumduction,  but 
no  axial  rotation.    The  wrist-joint  is  an  example  of  this  form  of  articulation. 

Articulation  by  Reciprocal  Reception  (articulatio  sellaria;  saddle-joint). ^In  this 
variety  the  opposing  surfaces  are  reciprocally  concavo-convex.  The  movements 
are  the  same  as  in  the  preceding  form;  that  is  to  say,  flexion,  extension,  adduction, 
abduction,  and  circumduction  are  allowed ;  but  no  axial  rotation.  The  best  example 
of  this  form  is  the  carpometacarpal  joint  of  the  thumb. 

Enartbiosis  (ball-and-aocket  joints). — Enarthrosis  is  a  joint  in  which  the  distal 
bone  is  capable  of  motion  around  an  indefinite  number  of  axes,  which  have  one 
common  centre.  It  is  formed  by  the  reception  of  a  globular  head  into  a  cup-like 
cavity,  hence  the  name  "  ball-and-socket."  Examples  of  this  form  of  articulation 
are  found  in  the  hip  and  shoulder. 

Arthrodia  (gliding  joints)  is  a  joint  which  admits  of  only  gliding  movement;  it 
is  formed  by  the  apposition  of  plane  surfaces,  or  one  slightly  concave,  the  other 
slightly  convex,  the  amount  of  motion  between  them  being  limited  by  the  ligaments 
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or  osseous  processes  surrounding  the  articulation.  It  is  the  form  present  in  the 
joints  between  the  articular  processes  of  the  vertebrse,  the  carpal  joints,  except 
that  of  the  capitate  with  the  navicular  and  lunate,  and  the  tarsal  joints  with  the 
exception  of  that  betweep  the  talus  and  the  navicular. 


THE  KINDS  OF  MOVEMENT  ADMITTED  IN  JOINTS. 

The  movements  admissible  in  joints  may  be  divided  into  four  kinds:  gliding 
and  angular  movements,  circmnduction,  and  rotation.  These  movements  are  often, 
however,  more  or  less  combined  in  the  various  joints,  so  as  to  produce  an  infinite 
variety,  and  it  is  seldom  that  only  one  kind  of  motion  is  found  in  any  particular 
joint. 

Gliding  Movement. — Gliding  movement  is  the  simplest  kind  of  motion  that  can 
take  place  in  a  joint,  one  surface  gliding  or  moving  over  another  without  any 
angular  or  rotatory  movement.  It  is  common  to  all  movable  joints;  but  in  some, 
as  in  most  of  the  articulations  of  the  carpus  and  tarsus,  it  is  the  only  motion  per- 
mitted. This  movement  is  not  confined  to  plane  surfaces,  but  may  exist  between 
any  two  contiguous  surfaces,  of  whatever  form. 

Anfolar  Bflorement. — ^Angular  movement  occurs  only  between  the  long  bones, 
and  by  it  the  angle  between  the  two  bones  is  increased  or  diminished.    It  may 
take  place:  (1)  forward  and  backward,  constituting  flexion  and  extension;  or  (2) 
toward  and  from  the  median  plane  of  the  body,  or,  in  the  case  of  the  fingers  or 
toes,  from  the  middle  line  of  the  hand  or  foot,  constituting  adduction  and  abduction. 
The  strictly  ginglymoid  or  hinge-joints  admit  of  flexion  and  extension  only.   Abduc- 
t/on and  adduction,  combined  with  flexion  and  extension,  are  met  with  in  the  more 
movable  joints;  as  in  the  hip,  the  shoulder,  the  wrist,  and  the  carpometacarpal 
joint  of  the  thumb. 

Circumdnction. — Circumduction  is  that  form  of  motion  which  takes  place  between 
the  head  of  a  bone  and  its  articular  cavity,  when  the  bone  is  made  to  circumscribe 
a  conical  space;  the  base  of  the  cone  is  described  by  the  distal  end  of  the  bone, 
the  apex  is  in  the  articular  cavity;  this  kind  of  motion  is  best  seen  in  the  shoulder- 
and  hip-joints. 

Rotation. — Rotation  is  a  form  of  movement  in  which  a  bone  moves  around  a 
central  axis  without  undergoing  any  displacement  from  this  axis;  the  axis  of  rota- 
tion may  lie  in  a  separate  bone,  as  in  the  case  of  the  pivot  formed  by  the  odontoid 
process  of  the  axis  vertebrae  around  which  the  atlas  turns;  or  a  bone  may  rotate 
around  its  own  longitudinal  axis,  as  in  the  rotation  of  the  humerus  at  the  shoulder- 
joint;  or  the  axis  of  rotation  may  not  be  quite  parallel  to  the  long  axis  of  the 
bone,  as  in  the  movement  of  the  radius  on  the  ulna  during  pronation  and  supina- 
tion of  the  hand,  where  it  is  represented  by  a  line  connecting  the  centre  of  the 
head  of  the  radius  above  with  the  centre  of  the  head  of  the  ulna  below. 

Li|amentoiu  Action  of  Muscles. — The  movements  of  the  different  joints  of  a  limb  are  combined 
by  means  of  the  long  muscles  passing  over  more  than  one  joint.  These,  when  relaxed  and  stretched 
to  their  greatest  extent,  act  as  elastic  ligaments  in  restraining  certain  movements  of  one  joint, 
except  when  combined  with  corresponding  movements  of  the  other — ^the  latter  movements  being 
usually  in  the  opposite  direction.  Thus  the  shortness  of  the  hamstring  muscles  prevents  com- 
plete flexion  of  the  hip,  imless  the  knee-joint  is  also  flexed  so  as  to  bring  their  attachments  nearer 
together.  The  uses  of  this  arrangement  are  threefold:  (1)  It  coordinates  the  kinds  of  move- 
mcDtP  which  are  the  most  habitual  and  necessary,  and  enables  them  to  be  performed  with  the 
least  expenditure  of  power.  (2)  It  enables  the  short  muscles  which  pass  over  only  one  joint  to 
act  apon  more  than  one.  (3)  It  provides  the  joints  w^ith  ligaments  which,  while  they  are  of  very 
peat  power  in  resisting  movements  to  an  extent  incompatible  with  the  mechanism  of  the  joint, 
at  the  same  time  spontaneously  yield  when  necessary. 

Afpliad  Anatomy. — ^W.  W.  Keen  points  out  how  important  it  is  "that  the  surgeon  should 
remember  this  ligamentous  action  of  muscles  in  making  passive  motion — for  instance,  at  the  wrist 
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after  CoUes'  fracture.  If  the  fingers  be  extended,  the  wrist  can  be  flexed  to  a  right  angle.  If, 
however,  they  be  first  flexed  as  in  'making  a  fist,'  flexion  at  the  wrist  is  quickly  limited  to  from 
forty  to  fifty  degrees  in  different  persons,  and  is  very  painful  beyond  that  point.  Hence  passive 
motion  here  should  be  made  with  the  fingers  extended.  In  the  leg,  when  flexing  the  hip,  the  knee 
should  be  flexed." 

The  articulations  may  be  grouped  into  those  of  the  trunk,  and  those  of  the  upper 
and  lower  extremities. 


ARTICULATIONS  OF  THE  TRUNK. 

These  may  be  divided  into  the  following  groups,  viz.: 

■   I.  Of  the  Vertebral  Column.  VI.  Of  the  Cartilages  of  the  Ribs  with  the 

II.  Of  the  Atlas  with  the  Axis.  Sternum,  and  with  Each  Other. 

III.  Of  the  Vertebral  Column  with      VII.  Of  the  Sternum. 

the  Cranium.  VIII.  Of  the  vertebral  Column  with  the 

IV.  Of  the  Mandible.  Pelvis. 

\   V.  Of  the  Ribs  with  the  Vertebra.      IX.  Of  the  Pelvis. 

I.    Articulations  of  the  Vertebral  Column. 

The  articulations  of  the  vertebral  column  consist  of  (1)  a  series  of  amphi- 
arthrodial  joints  between  the  vertebral  bodies,  and  (2)  a  series  of  diathrodial 
joints  between  the  vertebral  arches. 

1.  Articulations  of  Vertebral  Bodies  {intercentral  ligaments), — The  articulations 
between  the  bodies  of  the  vertebree  are  amphiarthrodial  joints,  and  the  individual 
vertebrse  move  only  slightly  on  each  other.  When,  however,  this  slight  degree 
of  movement  between  the  pairs  of  bones  takes  place  in  all  the  joints  of  the  vertebral 
column,  the  total  range  of  movement  is  very  considerable.  The  ligaments  of  these 
articulations  are  the  following: 

The  Anterior  Longitudinal.  The  Posterior  Longitudinal. 

The  Intervertebral  Fibrocartilages. 

The  Anterior  Longitadinal  Ligament  {ligamenium  hngitudinale  anterius;  anterior 
oommon  ligament)  (Figs.  424,  435). — The  anterior  longitudinal  ligament  is  a  broad 
and  strong  band  of  fibres,  which  extends  along  the  anterior  surfaces  of  the  bodies 
of  the  vertebree,  from  the  axis  to  the  sacrum.  It  is  broader  below  than  above, 
thicker  in  the  thoracic  than  in  the  cervical  and  lumbar  regions,  and  somewhat 
thicker  opposite  the  bodies  of  the  vertebrae  than  opposite  the  intervertebral  fibro- 
cartilages. It  is  attached,  above,  to  the  body  of  the  axis,  where  it  is  continuous 
with  the  anterior  atlantoaxial  ligament,  and  extends  down  as  far  as  the  upper 
part  of  the  front  of  the  sacrum.  It  consists  of  dense  longitudinal  fibres,  which 
are  intimately  adherent  to  the  intervertebral  fibrocartilages  and  the  prominent 
margins  of  the  vertebrae,  but  not  to  the  middle  parts  of  the  bodies.  In  the  latter 
situation  the  ligament  is  thick  and  serves  to  fill  up  the  concavities  on  the  anterior 
surfaces,  and  to  make  the  front  of  the  vertebral  column  more  even.  It  is  composed 
of  several  layers  of  fibres,  which  vary  in  length,  but  are  closely  interlaced  with 
each  other.  The  most  superficial  fibres  are  the  longest  and  extend  between  four 
or  five  vertebrae.  A  second,  subjacent  set  extends  between  two  or  three  vertebrae; 
while  a  third  set,  the  shortest  and  deepest,  reaches  from  one  vertebra  to  the  next. 
At  the  sides  of  the  bodies  the  ligament  consists  of  a  few  short  fibres  which  pass 
from  one  vertebra  to  the  next,  separated  from  the  concavities  of  the  vertebral 
bodies  by  oval  apertures  for  the  passage  of  vessels. 
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The  Posterior  Loncitadmal  LigamflBt  (ligamentum  hngiiudinale  poatemis;  posterior 
common  ligament)  (Figs.  424,  425). — The  posterior  longitudinal  ligament  is  situated 
within  the  vertebral  canal,  and  extends  along  the  posterior  surfaces  of  the  bodies 


Fia.  424.— Medisn  s^itul  acctinn  of  tiro  lumbar  vertebn  and 

of  the  vertebne,  from  the  body  of  the  axis,  where  it  is  continuous  with  the  membrana 
tectoria,  to  the  sacrum.    It  is  broader  above  than  below,  and  thicker  in  the  thoracic 
than  in  the  cer\'ical  and  lumbar  regions.     In  the  situation  of  the  intervertebral 
fibrocartilages  and  contiguous  margins  of  the  vertebne,  where  the  ligament  is  more 
intimately  adherent,  it  is  broad,  and  in  the 
thoracic  and  lumbar  regions  presents  a  series 
ofdentationswith  intervening  concave  margins; 
but  it  is  narrow  and  thick  over  the  centres  of 
the  bodies,  from  which  it  is  separated  by  the 
basivertebral  veins.     This    ligament   is    com- 
posed of  smooth,  shining,  longitudinal  fibres, 

denser  and   more  compact  than  those  of  the  '■ 

anterior  ligament,  and  consists  of  superficial 
layers  occupying  the  interval  between  three 
or  four  vertebne,  and  deeper  layers  which  ex- 
tend between  adjacent  vertebne. 

The  InterrertebTal  FibrocartilageB  (fibrocartil- 
aginea  interixrtebTales;  interTXTtebral disks)  (Figs. 
424,  436), — The  intervertebral  fibrocartilages 
are  interposed  between  the  adjacent  surfaces  of 
the  bodies  of  the  vertebree,  from  the  axis  to  the 
sacrum,  and  form  the  chief  bonds  of  connection 

between  the  vertebne.  They  vary  in  shape,  size,        '"'  *^~  Sio'Sioracr/reaim.    ■""*"*■ '" 
and  thickness,  in  different  parts  of  the  verte- 
bral column.     In  shape  and  size  they  correspond  with  the  surfaces  of  the  bodies 
between  which  they  are  placed,  except  in  the  cervical  region,  where  thej'  are  slightly 
smaller  from  side  to  side  than  the  corresponding  bodies.     In  thickness  they  vary 
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not  only  in  the  diff^^^nt  regions  of  the  column,  but  in  different  parts  of  the  same 
fibrocartilage;  they  are  thicker  in  front  than  behind  in  the  cervical  and  lumbar 
regions,  and  thus  contribute  to  the  anterior  convexities  of  these  parts  of  the  colunm; 
while  they  are  of  nearly  uniform  thickness  in  the  thoracic  region,  the  anterior  con- 
cavity of  this  part  of  the  column  being  almost  entirely  owing  to  the  shape  of 
the  vertebral  bodies.  The  intervertebral  fibrocartilages  constitute  about  one-fourth 
of  the  length  of  the  vertebral  column,  exclusive  of  the  first  two  vertebrse;  but  this 
amount  is  not  equally  distributed  between  the  various  bones,  the  cervical  and 
lumbar  portions  having,  in  proportion  to  their  length,  a  much  greater  amount  than 
the  thoracic  region,  with  the  result  that  these  parts  possess  greater  pliancy  and 
freedom  of  movement.  The  intervertebral  fibrocartilages  are  adherent,  by  their 
surfaces,  to  thin  layers  of  hyaline  cartilage  which  cover  the  upper  and  under 
surfaces  of  the  bodies  of  the  vertebrae;  in  the  lower  cervical  vertebrae,  however, 
small  joints  lined  by  synovial  membrane  are  occasionally  present  between  the 
upper  surfaces  of  the  bodies  and  the  margins  of  the  fibrocartilages  on  either 
side.  By  their  circumferences  the  intervertebral  fibrocartilages  are  closely  con- 
nected in  front  to  the  anterior,  and  behind  to  the  posterior,  longitudinal  liga- 
ments. In  the  thoracic  region  they  are  joined  laterally,  by  means  of  the  inter- 
articular  ligaments,  to  the  heads  of  those  ribs  which  articulate  with  two  vertebrae. 

Strocture  of  the  Intervertebral  Fibtocartilages. — Each  is  composed,  at  its  circumference,  of 
laminse  of  fibrous  tissue  and  fibrocartilage,  forming  the  anntdta  fibrosis;  and,  at  its  centre,  of 
a  soft,  pulpy,  highly  elastic  substance,  of  a  yellowish  color,  which  projects  considerably  above 
the  surrounding  level  when  the  disk  is  divided  horizontally.  This  pulpy  substance  (nvdevs 
pidpo8us)f  especially  well-developed  in  the  lumbar  region,  is  the  remains  of  the  notochord.  The 
laniinfie  are  arranged  concentrically;  the  outermost  consist  of  ordinary  fibrous  tissue,  the  others 
of  white  fibrocartilage.  The  laminte  are  not  quite  vertical  in  their  direction,  those  near  the  cir- 
cmnference  being  curved  outward  and  closely  approximated;  while  those  nearest  the  centre 
curve  in  the  opposite  direction,  and  are  somewhat  more  widely  separated.  The  fibres  of  which 
each  lamina  is  composed  are  directed,  for  the  most  part,  obliquely  from  above  downward,  the 
fibres  of  adjacent  laminse  passing  in  opposite  directions  and  varjring  in  every  layer;  so  that  the 
fibres  of  one  layer  are  directed  across  those  of  another,  like  the  limbs  of  the  letter  X.  This  laminar 
arrangement  belongs  to  about  the  outer  half  of  each  fibrocartilage.  The  pulpy  substance  presents 
no  such  arrangement,  and  consists  of  a  fine  fibrous  matrix,  containing  angular  cells  united  to 
form  a  reticular  structure. 

Applied  Anatomy. — ^When  an  aneurism  presses  on  the  vertebral  coltunn,  the  vertebral  bodies 
are  often  deeply  eroded  by  the  tumor,  while  the  intervertebral  fibrocartilages  remain  intact. 
The  fibrocartilages  are  the  first  to  be  destroyed,  however,  in  tuberculosis  of  the  vertebral  colunm, 
where,  as  not  infrequently  happens,  the  disease  begins  in  the  fibrocartilages,  and  spreads  thence 
to  the  bodies  of  the  two  adjoining  vertebrae  simultaneously. 

2.  Articulations  of  Vertebral  Arches. — The  joints  between  the  articular  pro- 
cesses of  the  vertebrae  belong  to  the  arthrodial  variety  and  are  enveloped  by 
capsules  lined  by  synovial  membranes;  while  the  laminae  spinous  and  transverse 
processes  are  connected  by  the  following  ligaments: 

The  Ligamenta  Flava.  The  Ligamentum  Nuchae. 

The  Supraspinal.  The  Interspinal. 

The  Intertransverse. 

The  Articular  Capsules  {capsulae  articulares;  capsular  ligaments)  (Fig.  424). — 
The  articular  capsules  are  thin  and  loose,  and  are  attached  to  the  margins  of  the 
articular  processes  of  adjacent  vertebrae.  They  are  longer  and  looser  in  the  cervical 
than  in  the  thoracic  and  lumbar  regions. 

The  Ligamenta  Flava  (ligmenia  subflava  (Fig.  426). — ^The  ligamenta  flava  connect 
the  laminae  of  adjacent  vertebrae,  from  the  axis  to  the  first  segment  of  the  sacrum. 
They  are  best  seen  from  the  interior  of  the  vertebral  canal;  when  looked  at  from  the 
outer  surface  they  appear  short,  being  overlapped  by  the  laminae.    Each  ligament 
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coDsists  ot  two  lateral  portions  which  commence  one  on  either  side  of  the  roots 
of  the  articular  processes,  and  extend  backward  to  the  point  where  the  laminee 
meet  to  form  the  spinous  process;  the  posterior  margins  of  the  two  portions  are  in 
contact  and  to  a  certain  extent  united,  slight  intervals  being  left  for  the  passage 
of  small  vessels.   Each  consists  of  j'ellow  elastic  tissue,  the  fibres  of  which,  almost 
perpendicular  in  direction,    are  at- 
tached  to   the   anterior   surface   of 
the    lamina   above,    some    distance 
from  its  inferior  margin,  and  to  the 
posterior  surface  and  upper  margin 
of  the  lamina  below.    In  the  cervical 
region  the  ligaments  are  thin,  but 
broad  and  long;  they  are  thicker  in 

the  thoracic  region,  and  thickest  in  dich  (<mt) 

the  lumbar  region.  Their  marked 
elasticity  serves  to  preserve  the  up- 
right posture,  and  to  assist  the 
vertebral  column  in  resuming  it 
after  flexion. 

The  Supraspinal  LUrament  {liga- 
Tnerdum  eupraapinale;  supraspinous 
ligament)  (Fig.  424}.— The  supra- 
spinal ligament   is  a  strong  fibrous 

cord,  which   connects   together  the         ^"'- "^-'^''^vtSl^T^rt.*'!^.""'™''™"*'" 
apices  of  the  spinous  processes  from 

the  seventh  cervical  vertebra  to  the  sacrum;  at  the  points  of  attachment  to  the 
tips  of  the  spinous  processes  fibrocartilage  is  developed  in  the  ligament.  It  is 
thicker  and  broader  in  the  lumbar  than  in  the  thoracic  region,  and  intimately 
blended,  in  both  situations,  with  the  neighboring  fascia.  The  most  superficial 
fibres  of  this  ligament  extend  over  three  or  four  vertebree;  those  more  deeply 
seated  pass  between  two  or  three  vertebrte;  while  the  deepest  connect  the  spinous 
processes  of  neighboring  vertebrse.  Between  the  spinous  processes  it  is  continuous 
with  the  interspinal  ligaments.  It  is  continued  upward  to  the  external  occipital 
protuberance  and  median  nuchal  line,  as  the  ligamentum  nuchae. 

The  Ligatnenttun  Nacliae.^ — The  ligamentum  nuchae  is  a  fibrous  membrane,  which, 
in  the  neck,  represents  the  supraspinal  ligaments  of  the  lower  vertebrse.  It  extends 
from  the  external  occipital  protuberance  and  median  nuchal  line  to  the  spinous 
process  of  the  seventh  cervical  vertebra.  From  its  anterior  border  a  fibrous  lamina 
is  given  off,  which  is  attached  to  the  posterior  tubercle  of  the  atlas,  and  to  the 
spinous  processes  of  the  cervical  vertebrBe,  and  forms  a  septum  between  the  muscles 
on  either  side  of  the  neck.  In  man  it  is  merely  the  rudiment  of  an  important  elastic 
ligament,  which,  in  some  of  the  lower  animals,  serves  to  sustain  the  weight  of  the 
head. 

The  Interspinal  Ucaments  {ligamenUi  interapinalia;  interapinous  ligaments) 
(Fig.  424)  .^-The  interspinal  ligaments  thin  and  membranous,  connect  adjoining 
spinous  processes  and  extend  from  the  root  to  the  apex  of  each  process.  They 
meet  the  ligamenta  flava  in  front  and  the  supraspinal  ligament  behind.  They 
are  narrow  and  elongated  in  the  thoracic  region ;  broader,  thicker,  and  quadrilateral 
in  form  in  the  lumbar  region;  and  only  slightly  developed  in  the  neck. 

The  Intwtransrerse  Li{ament8  {ligame?ita  intertransveTSaria) . — The  intertransverse 
ligaments  are  interposed  between  the  transverse  processes.  In  the  cervical  region 
they  consist  of  a  few  irregular,  scattered  fibres;  in  the  thoracic  region  they  are 
rounded  cords  intimately  connected  with  the  deep  muscles  of  the  back;  in  the 
lumbar  region  they  are  thin  and  membranous. 
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Movemente.— TVie  ^^^^taents  permitted  in  the  vertebral  column  are:    flexion^  extension^ 
lateral  movemeni,  cirCurrMi'Uction,  and  rotation. 

In  flexion,  or  movement  forward,  the  anterior  longitudinal  ligament  is  relaxed,  and  the  inter- 
vertebral fibrocartila^es  are  compressed  in  front;  while  the  posterior  longitudinal  ligament,  the 
ligamenta  flava,  and  the  inter-  and  supraspinal  ligaments  are  stretched,  as  well  as  the  posterior 
fibres  of  the  intervertebral  fibrocartilages.  The  interspaces  between  the  laminse  are  widened, 
and  the  inferior  articular  processes  glide  upward,  upon  the  superior  articular  processes  of  the 
subjacent  vertebrae.  Flexion  is  the  most  extensive  of  all  the  movements  of  the  vertebral  column, 
and  is  freest  in  the  lumbar  region. 

In  eztansion,  or  movement  backward,  an  exactly  opposite  disposition  of  the  parts  takes  place. 
This  movement  is  limited  by  the  anterior  longitudinal  ligament,  and  by  the  approximation  of 
the  spinous  processes.    It  is  freest  in  the  cervical  r^on. 

In  lateral  movement,  the  sides  of  the  intervertebral  fibrocartilages  are  compressed,  the  extent 
of  motion  being  limited  by  the  resistance  offered  by  the  siurounding  ligaments.  This  movement 
may  take  place  in  any  part  of  the  column,  but  is  freest  in  the  cervical  and  lumbar  regions. 

Circomdiiction  is  very  limited,  and  is  merely  a  succession  of  the  preceding  movements. 

Rotation  is  produced  by  the  twisting  of  the  intervertebral  fibrocartilages;  this,  although  only 
slight  between  any  two  vertebrae,  allows  of  a  considerable  extent  of  movement  when  it  takes  place 
in  the  whole  length  of  the  column,  the  front  of  the  upper  part  of  the  column  being  turned  to  one 
or  other  side.  This  movement  occurs  to  a  slight  extent  in  the  cervical  region,  is  freer  in  the  upper 
part  of  the  thoracic  region,  and  absent  in  the  lumbar  region. 

The  extent  and  variety  of  the  movements  are  influenced  by  the  shape  and  direction  of  the 
articular  surfaces.  In  the  cervical  region  the  upward  inclination  of  the  superior  articular  surfaces 
allows  of  free  flexion  and  extension.  Extension  can  be  carried  farther  than  flexion;  at  the  upper 
end  of  the  region  it  is  checked  by  the  locking  of  the  posterior  &dges  of  the  superior  atlantal  facets 
in  the  condyloid  fossae  of  the  occipital  bone;  at  the  lower  end  it  is  limited  by  a  mechanism  whereby 
the  inferior  articular  processes  of  the  seventh  cervical  vertebra  slip  into  grooves  behind  and 
below  the  superior  articular  processes  of* the  first  thoracic.  Flexion  is  arrested  just  beyond  the 
point  where  the  cervical  convexity  is  straightened;  the  movement  is  checked  by  the  apposition 
of  the  projecting  lower  lips  of  the  bodies  of  the  vertebrae  with  the  shelving  surfaces  on  the  bodies 
of  the  subjacent  vertebrae.  Lateral  flexion  and  rotation  are  free  in  the  cervical  region;  they  are, 
however,  always  combined.  The  upward  and  medial  inclinations  of  the  superior  articular  surfaces 
impart  a  rotatory  movement  during  lateral  flexion,  while  pure  rotation  is  prevented  by  the  slight 
medial  slope  of  these  surfaces. 

In  the  tiioracic  region,  notably  in  its  upper  part,  all  the  movements  are  limited  in  order  to 
reduce  interference  with  respiration  to  a  minimum.  The  almost  complete  absence  of  an  upward 
inclination  of  the  superior  articular  surfaces  prohibits  any  marked  flexion,  while  extension  is 
checked  by  the  contact  of  the  inferior  articular  margins  with  the  laminae,  and  the  contact  of  the 
spinous  processes  with  one  another.  The  mechanism  between  the  seventh  cervical  and  the  first 
thoracic  vertebrae,  which  limits  extension  of  the  cervical  region,  will  also  serve  to  limit  flexion  of 
the  thoracic  region  when  the  neck  is  extended.  Rotation  is  free  in  the  thoracic  region:  the 
superior  articular  processes  are  segments  of  a  cylinder  whose  axis  is  in  the  mid-ventral  line  of  the 
vertebral  bodies.  The  direction  of  the  articular  facets  would  allow  of  free  latersJ  flexion,  but 
this  movement  is  considerably  limited  in  the  upper  part  of  the  region  by  the  resistance  of  the 
ribs  and  stemiun. 

In  the  lumbar  region  flexion  and  extension  are  free.  Flexion  can  be  carried  farther  than  exten- 
sion, and  is  possible  to  just  beyond  the  straightening  of  the  lumbar  curve;  it  is,  therefore,  greatest 
at  the  lowest  part  where  the  curve  is  sharpest.  The  inferior  articular  facets  are  not  in  close  appo- 
sition with  the  superior  facets  of  the  subjacent  vertebrae,  and  on  this  account  a  con8iderai>le 
amount  of  lateral  flexion  is  permitted.  For  the  same  reason  a  slight  amoimt  of  rotation  can  be 
carried  out,  but  this  is  so  soon  checked  by  the  interlocking  of  the  articular  surfaces  that  it  is 
negligible. 

The  principal  muscles  which  produce  flexion  are  the  Stemocleidomastoideus,  Longus  capitis, 
and  Longus  colli;  the  Scaleni;  the  abdominal  muscles  and  the  Psoas  major.  Extension  is  produced 
by  the  intrinsic  muscles  of  the  back,  assisted  in  the  neck  by  the  Splenius,  Semispinales  dorsi  and 
cervicis,  and  the  Multifidus.  Lateral  motion  is  produced  by  the  intrinsic  muscles  of  the  back 
by  the  Splenius,  the  Scaleni,  the  Quadratus  lumborum,  and  the  Psoas  major,  the  muscles  of  one 
side  only  acting;  and  rotation  by  the  action  of  the  following  muscles  of  one  side  only,  viz.,  the 
Stemocleidomastoideus,  the  Longus  capitis,  the  Scaleni,  the  Multifidus,  the  Semispinalis  capitis, 
and  the  abdominal  muscles. 

n.    Articulation  of  the  Atlas  with  the  Epistropheus  or  Axis  (Articulatio 

Atiantoepistrophica) . 

The  articulation  of  the  atlas  with  the  axis  is  of  a  complicated  nature,  com- 
prising no  fewer  than  four  distinct  joints.    There  is  a  pivot  articulation  between 
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the  odontoid  process  of  the  axis  and  the  ring  formed  by  the  anterior  arch  and 
the  tranverse  ligament  of  the  atlas  (see  Fig.  429);  here  there  are  two  joints:  one 
between  the  posterior  surface  of  the  anterior  arch  of  the  atlas  and  the  front  of 
the  odontoid  process;  the  other  between  the  anterior  surface  of  the  ligament  and 
the  back  of  the  process.  Between  the  articular  processes  of  the  two  bones  there 
is  on  either  side  an  arthrodial  or  gliding  joint.  The  ligaments  connecting  these 
bones  are: 

Two  Articular  Capsules.  The  Posterior  Atlantoaxial. 

The  Anterior  Atlantoaxial.  The  Transverse, 

The  Articalar  Capenles  (capsntae  articulares;  capsular  ligameTiis). — ^The  articular 
capsules  are  thin  and  loose,  and  connect  the  margins  of  the  lateral  masses  of  the 
atlas  with  those  of  the  posterior  articular  surfaces  of  the  axis.  Each  is  strength- 
ened at  its  posterior  and  medial  part  by  an  aeeeaaory  ligament,  which  is  attached 
below  to  the  body  of  the  axis  near  the  base  of  the  odontoid  process,  and  above 
to  the  lateral  mass  of  the  atlas  near  the  transverse  ligament. 


(AHientaTe 


The  Anterior  Atlantoaxial  Ugam«nt  (Fig.  427). — This  ligament  is  a  strong  mem-  . 
brsne,  fixed,  above,  to  the  lower  border  of  the  anterior  arch  of  the  atlas;  below, 
to  the  front  of  the  body  of  the  axis.  It  is  strengthened  in  the  middle  line  by  a 
rounded  cord,  which  connects  the  tubercle  on  the  anterior  arch  of  the  atlas  to  the 
body  of  the  axis,  and  is  a  continuation  upward  of  the  anterior  longitudinal  liga- 
ment.   The  ligament  is  in  relation,  in  front,  with  the  Longi  capitis. 

The  Posterior  Atlantoaxial  Ligament  (Fig.  42S). — This  ligament  is  a  broad,  thin 
membrane  attached,  abate,  to  the  lower  border  of  the  posterior  arch  of  the  atlas; 
below,  to  the  upper  edges  of  the  laminae  of  the  axis.  It  supplies  the  place  of 
the  ligamenta  flava,  and  is  in  relation,  behind,  with  the  Obliqui  capitis  inferiores. 

Tbe  TransTerse  Ligament  of  the  Atlas  {ligamenium  transversum  atlantis)  (Figs. 
429,  430,  431). — The  transverse  ligament  of  the  atla.s  is  a  thick,  strong  band,  which 
arches  across  the  ring  of  the  atlas,  and  retains  the  odontoid  process  in  contact  with 
the  anterior  arch.    It  is  concave  in  front,  convex  behind,  broader  and  thicker  in 
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the  middle  than  at  the  ends,  and  firmJy  attached  on  either  aide  to  a  small  tubercle 
on  the  medial  surface  of  the  lateral  mass  of  the  atlas.  As  it  crosses  tlie  odontoid 
process,  a  small  fasciculus  (cms  superiui)  is  prolonged  upward,  and  another  {cms 
infenui)  downward,  from  the  superficial  or  posterior  fibres  of  the  ligament.    The 


Arch  jor  f)a»»age  of 
vertebral  artery 
and  firit  cervical 


Flo.  423.— PoAerior  stlBntadcdjHtAl  nwmbnae  mnd  atlsDtoui&l  licunaDt. 

former  is  attached  to  the  basilar  part  of  the  occipital  bone,  in  close  relation  with 
the  membrana  tectoria;  the  latter  is  fixed  to  the  posterior  surface  of  the  body 
of  the  axis;  hence,  the  whole  lij^ament  is  named  the  craciate  ligament  of  the  atlas. 
The  transverse  ligament  divides  the  ring  of  the  atlas  into  two  unequal  parts: 
of  these,  the  posterior  and  larger  ser\'e3  for  the  transmission  of  the  medulla  spinalis 


and  its  membranes  and  the  accessory  nerves;  the  anterior  and  smaller  contains 
the  odontoid  process.  The  neck  of  the  odontoid  process  is  constricted  where  it  b 
embraced  posteriorly  by  the  transverse  ligament,  so  that  this  ligament  suffices 
to  retain  the  odontoid  process  in  position  after  all  the  other  ligaments  have  been 
divided. 
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Synovial  Membratt©*. — There  is  a  synovial  membrane  for  each  of  the  four  joints;  the  joint 
cavity  between  the  odontoid  process  and  the  transverse  ligament  is  often  continuous  with  those 
of  the  atlantooccipital  articulations. 

The  opposed  articular  surfaces  of  the  atlas  and  axis  are  not  reciprocally  curved;  both  surfaces 
are  convex  in  their  long  axes.    When,  therefore,  the  upper  facet  glides  forward  on  the  lower  it 

Movements. — ^This  joint  allows  the  rotation  of  the  atks  (and,  with  it,  the  skull)  upon  the 
axis,  the  extent  of  rotation  being  limited  by  the  alar  ligaments. 

also  descends;  the  fibres  of  the  articular  capsule  are  relaxed  in  a  vertical  direction,  and  will  then 
permit  of  movement  in  an  antero-posterior  direction.  By  this  means  a  shorter  capsule  suffices 
and  the  strength  of  the  joint  is  materially  increased.^ 

The  principal  muscles  by  which  these  movements  are  produced  are  the  Stemocleidomastoideus 
and  Semispinalis  capitis  of  one  side,  acting  with  the  Longus  capitis,  Splenius,  Longissimus  capitis, 
Rectus  capitis  posterior  major,  and  Obliqui  capitis  superior  and  inferior  of  the  other  side. 

m.    Articulations  of  the  Vertebral  Column  with  the  Cranium. 

The  ligaments  connecting  the  vertebral  column  with  the  cranium  may  be 
divided  into  two  sets:  those  uniting  the  atlas  with  the  occipital  bone,  and  those 
connecting  the  axis  with  the  occipital  bone. 

Articulation  of  the  Atlas  with  the  Occipitsd  Bone  {articulatio  atlantooccipitalis) . 
— ^The  articulation  between  the  atlas  and  the  occipital  bone  consists  of  a  pair  of 
condyloid  joints.    The  ligaments  connecting  the  bones  are: 

Two  Articular  Capsules.  The  Posterior  Atlantooccipital 

The  Anterior  Atlantooccipital  membrane, 

membrane.  Two  Lateral  Atlantooccipital. 

The  Articular  Capsules  {capsvlae  articulares;  capsular  ligaments), — ^The  articular 
capsules  surround  the  condyles  of  the  occipital  bone,  and  connect  them  with  the 
articular  processes  of  the  atlas:  they  are  thin  and  loose. 

The  Anterior  Atlantobccipital  Membrane  {membrana  atlanioocdpiialis  anterior; 
anterior  atlantooccipital  ligament)  (Fig.  427). — The  anterior  atlantooccipital  mem- 
brane is  broad  and  composed  of  densely  woven  fibres,  which  pass  between  the 
anterior  margin  of  the  foramen  magnum  above,  and  the  upper  border  of  the 
anterior  arch  of  the  atlas  below;  laterally,  it  is  continuous  with  the  articular 
capsules;  in  front,  it  is  strengthened  in  the  middle  line  by  a  strong,  rounded 
cord,  which  connects  the  basilar  part  of  the  occipital  bone  to  the  tubercle  on  the 
anterior  arch  of  the  atlas.  This  membrane  is  in  relation  in  front  with  the  Recti 
capitis  anteriores,  behind  with  the  alar  ligaments. 

The  Posterior  Atlantobccipital  Membrane  {membrana  atlantooccipitalis  posterior; 
posterior  atlantooccipital  ligaTnent)  (Fig.  428). — ^The  posterior  atlantooccipital  mem- 
brane, broad  but  thin,  is  connected  above,  to  the  posterior  margin  of  the  foramen 
magnum;  below,  to  the  upper  border  of  the  posterior  arch  of  the  atlas.  On  either 
side  this  membrane  is  defective  below,  over  the  groove  for  the  vertebral  artery, 
and  forms  with  this  groove  an  opening  for  the  entrance  of  the  artery  and  the 
exit  of  the  suboccipital  nerve.  The  free  border  of  the  membrane,  arching  over 
the  artery  and  nerve,  is  sometimes  ossified.  The  membrane  is  in  relation,  behind, 
with  the  Recti  capitis  posteriores  minores  and  Obliqui  capitis  superiores;  in  front, 
with  the  dura  mater  of  the  vertebral  canal,  to  which  it  is  intimatelv  adherent. 

The  Lateral  Ligaments. — The  lateral  ligaments  are  thickened  portions  of  the 
articular  capsules,  reinforced  by  bundles  of  fibrous  tissue,  and  are  directed  obliquely 
upward  and  medialward;  they  are  attached  above  to  the  jugular  processes  of  the 
occipital  bone,  and  below,  to  the  bases  of  the  transverse  processes  of  the  atlas. 

1  Corner  ("The  Physiology  of  the  Atlanto-axial  Joints,"  Journal  of  Anatomy  and  Physiology,  vol.  xli)  states  that 
the  movements  which  take  place  at  these  articulations  are  of  a  complex  nature.  The  first  part  of  the  movement  is 
an  eccentric  or  asymmetrical  one;  the  atlanto-axial  joint  of  the  side  to  which  the  head  is  moved  is  fixed,  or  practically 
fixed,  by  the  muitcles  of  the  neck,  and  forms  the  centre  of  the  movement,  while  the  opposite  atlantal  facet  is  carried 
downward  and  forward  on  the  corresponding  axial  facet.  The  second  part  of  the  movement  is  centric  and  symmetricaU 
the  odontoid  process  forming  the  axis  of  the  movement. 
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Membranes. — ^There  are  two  synovial  membranes:  one  lining  each  of  the  articular 
capsules.  The  joints  frequently  communicate  with  that  between  the  posterior  surface  of  the 
odontoid  process  and  the  transverse  ligament  of  the  atlas. 

Morements. — ^The  movements  permitted  in  this  joint  are  (a)  flexion  and  extension,  which 
give  rise  to  the  ordinary  forward  and  backward  nodding  of  the  head,  and  (b)  slight  lateral  motion 
to  one  or  other  side.  Flexion  is  produced  mainly  by  the  action  of  the  Longi  capitis  and  Recti 
capitis  anteriores;  extension  by  the  Recti  capitis  posteriores  major  and  minor,  the  Obliquus  su- 
perior, the  Semispinalis  capitis,  Splenius  capitis,  Sternocleidomastoideus,  and  upper  fibres  of  the 
Tr^>ezius.  The  Recti  laterales  are  concerned  in  the  lateral  movement,  assisted  by  the  Trapezius, 
Splenius  capitis,  Semispinalis  capitis,  and  the  Sternocleidomastoideus  of  the  same  side,  all  acting 
together. 

Ligaments  Connectiiig  the  Axis  with  the  Occipital  Bone. — 

The  Membrana  Tectoria.  Two  Alar.  The  Apical  Odontoid. 

The  Membrana  Tectoria  (ocdpitoaocial  ligament)  (Figs.  430,  431). — ^The  mem- 
brana tectoria  is  situated  within  the  vertebral  canal.  It  is  a  broad,  strong  band, 
which  covers  the  odontoid  process  and  its  ligaments,  and  appears  to  be  a  prolon- 
gation upward  of  the  posterior  longitudinal  ligament  of  the  vertebral  column.  It 
is  fixed,  below,  to  the  posterior  surface  of  the  body  of  the  axis,  and,  expanding  as 
it  ascends,  is  attached  to  the  basilar  groove  of  the  occipital  bone,  in  front  of  the 
foramen  magnum,  where  it  blends  with  the  cranial  dura  mater.  Its  anterior  sur- 
face is  in  relation  with  the  transverse  ligament  of  the  atlas,  and  its  posterior 
surface  with  the  dura  mater. 

The  Alar  Ligaments  {ligamenta  cdaria;  odontoid  ligaments)  (Fig.  430). — ^The  alar 
ligaments  are  strong,  rounded  cords,  which  arise  one  on  either  side  of  the  upper 
part  of  the  odontoid  process,  and,  passing  obliquely  upward  and  lateralward,  are 
inserted  into  the  rough  depressions  on  the  medial  sides  of  the  condyles  of  tlie  occipi- 
tal bone.  In  the  triangular  interval  between  these  ligaments  is  another  fibrous 
cord,  the  apical  odontoid  ligament  (Fig.  431),  which  extends  from  the  tip  of  the  odon- 
toid process  to  the  anterior  margin  of  the  foramen  magnum,  being  intimately 
blended  with  the  deep  portion  of  the  anterior  atlantooccipital  membrane  and 
superior  cms  of  the  transverse  ligament  of  thp  atlas.  It  is  regarded  as  a  rudimentary 
intervertebral  fibrocartilage,  and  in  it  traces  of  the  notochord  may  persist.  The 
alar  ligaments  limit  rotation  of  the  cranium  and  therefore  receive  the  name  of 
check  ligaments. 

In  addition  to  the  ligaments  which  unite  the  atlas  and  axis  to  the  skull, 
the  ligamentum  nuchae  (page  387)  must  be  regarded  as  one  of  the  ligaments 
connecting  the  vertebral  column  with  the  cranium. 

Applied  Anatomy. — ^The  ligaments  which  unite  the  component  parts  of  the  vertebral  column 
together  are  so  strong,  and  the  bones  are  so  interlocked  by  the  arrangement  of  their  articulating 
processes,  that  dislocation  is  very  uncommon,  and,  indeed,  except  in  the  upper  part  of  the  neck, 
rarely  occurs  imless  accompanied  by  fracture.  Dislocation  of  the  occipital  bone  from  the  atlaa 
has  been  recorded  only  in  one  or  two  cases;  but  dislocation  of  the  atlas  from  the  axis,  with  rupture 
of  the  transverse  ligament,  is  much  more  common;  it  is  the  mode  in  which  death  is  produced  in 
many  cases  of  execution  by  hanging.  In  the  lower  part  of  the  neck — that  is,  below  the  third 
cervical  vertebra — dislocation  unattended  by  fracture  occasionally  takes  place. 

IV.    Articulation  of  the  Mandible  (Articulatio  Mandibularis;  Temporo- 
mandibular Articulation). 

This  is  a  ginglymo-arthrodial  joint;  the  parts  entering  into  its  formation  on 
either  side  are:  the  anterior  part  of  the  mandibular  fossa  of  the  temporal  bone 
and  the  articular  tubercle  above;  and  the  condyle  of  the  mandible  below.  The 
ligaments  of  the  joint  are  the  following: 

The  Articular  Capsule.  The  Sphenomandibular. 

The  Temporomandibular.  The  Articular  Disk. 

The  Stvlomandibular. 
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The  Aiticnlu-  Capsttle  {capaula  artieidarU;  capsuUir  ligameni). — The  articular 
capsule  is  a  thin,  loose  envelope,  attached  above  to  the  circumference  of  the 
mandibular  fossa  and  the  articular  tubercle  immediately  in  front;  below,  to  the 
neck  of  the  condyle  of  the  mandible. 


!ul*CioD  of  the  rtundibla.     I>«t«T«l  u 


The    Temporomandibular   Ligament    {ligamenium    temporomandibulare;    external 
tateral  ligament)  (Fig.  432}.— ^The  temporomandibular  ligament  consists  of  two 


short,  narrow  fasciculi,  one  in  front  of  the  other,  attached,  above,  to  the  lateral 
surface  of  the  zygomatic  arch  and  to  the  tubercle  on  its  lower  border;  below. 
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to  the  lateral  surface  and  posterior  border  of  the  neck  of  the  mandible.  It  is  broader 
above  than  below,  and  its  fibres  are  directed  obliquely  downward  and  backward. 
It  is  covered  by  the  parotid  gland,  and  by  the  integument. 

The  Sphenomandibiilar  Ligament  {ligamentum  sphenomandibulare;  internal  lateral 
ligaTnerd)  (Fig.  433). — ^The  sphenomandibular  ligament  is  a  flat,  thin  band  which  is 
attached  above  to  the  spina  angularis  of  the  sphenoid  bone,  and,  becoming  broader 
as  it  descends,  is  fixed  to  the  lingula  of  the  mandibular  foramen.  Its  lateral  surface 
is  Jin  relation,  above,  with  the  Pterygoideus  externus;  lower  down,  it  is  separated 
from  the  neck  of  the  condyle  by  the  internal  maxillary  vessels;  still  lower,  the 
inferior  alveolar  vessels  and  nerve  and  a  lobule  of  the  parotid  gland  lie  between 
it  and  the  ramus  of  the  mandible.  Its  medial  surface  is  in  relation  with  the  Ptery- 
goideus internus. 

The  Articular  Disk  (discus  articularis;  interarticular  fibrocartilage;  articular  menis- 
cus)  (Fig.  434). — ^The  articular  disk  is  a  thin,  oval  plate,  placed  between  the 
condyle  of  the  n^andible  and  the  mandibular  fossa.  Its  upper  surface  is  concavo- 
convex  from  before  backward,  to  accommodate  itself  to  the  form  of  the  man- 
dibular fossa  and  the  articular  tubercle.  Its  under  surface,  in  contact  with  the 
condyle,  is  concave.  Its  circumference  is  connected  to  the  articular  capsule;  and  in 
front  to  the  tendon  of  the  Pterygoideus  externus.  It  is  thicker  at  its  periphery, 
especially  behind,  than  at  its  centre.  The  fibres  of  which  it  is  composed  have  a 
concentric  arrangement,  more  apparent  at  the  circumference  than  at  the  centre. 
It  divides  the  joint  into  two  cavities,  each  of  which  is  furnished  with  a  synovial 
membrane. 

The  Synovial  Membranes. — The  synovial  membranes,  two  in  number,  are  placed  one  above, 
and  the  other  below,  the  articular  disk.  The  upper  one,  the  larger  and  looser  of  the  two,  is 
continued  from  the  margin  of  the  cartilage  covering  the  mandibular  fossa  and  articular  tubercle 
on  to  the  upper  surface  of  the  disk.  The  lower  one  passes  from  the  under  surface  of  the  disk 
to  the  neck  of  the  condyle,  being  prolonged  a  little  farther  downward  behind  than  in  front.  The 
articular  disk  is  sometimes  perforated  in  its  centre,  and  the  two  cavities  then  commimicate  with 
each  other. 

The  Stylomandibiilar  Ligament  (ligamentum  stylomandihulare);  stylomaxiliary 
ligament  (Fig.  433). — ^The  stylomandibular  ligament  is  a  specialized  band  of  the 
cervical  fascia,  which  extends  from  near  the  apex  of  the  styloid  process  of  the 
temporal  bone  to  the  angle  and  posterior  border  of  the  ramus  of  the  mandible, 
between  the  Masseter  and  Pterygoideus  internus.  This  ligament  separates  the 
parotid  from  the  submaxillary  gland,  and  from  its  deep  surface  some  fibres  of  the 
Styloglossus  take  origin.  Although  classed  among  the  ligaments  of  the  temporo- 
mandibular joint,  it  can  only  be  considered  as  accessory  to  it. 

The  nerves  of  the  temporomandibular  joint  are  derived  from  the  auriculotemporal  and  masse- 
teric branches  of  the  mandibular  nerve,  the  arteries  from  the  superficial  temporal  branch*  of  the 
eactemal  carotid. 

Movements. — ^The  movements  permitted  in  this  articulation  are  extensive.  Thus,  the  mandible 
may  be  depressed  or  elevated,  or  carried  forward  or  backward;  a  slight  amount  of  side-to-side 
movement  is  also  permitted.  It  must  be  borne  in  mind  that  there  are  two  distinct  joints  in  this 
articulation — one  between  the  condyle  and  the  articular  disk,  and  another  between  the  disk  and 
the  mandibular  fossa.  When  the  mouth  is  but  slightly  opened,  as  during  ordinary  conversation, 
the  movement  is  confined  to  the  lower  of  the  two  joints.  On  the  other  hand,  when  the  mouth 
&  opoied  more  widely,  both  joints  are  concerned  in  the  movement;  in  the  lower  joint  the  move- 
ment is  of  a  hinge-like  character,  the  condyle  moving  around  a  transverse  axis  on  the  disk,  while 
in  the  upper  joint  the  movement  is  of  a  gliding  character,  the  disk,  together  with  the  condyle, 
gliding  forward 'on  to  the  articular  tubercle,  around  an  axis  which  passes  through  the  mandibular 
foramina.  These  two  movements  take  place  simultaneously,  the  condyle  and  disk  move  for- 
ward on  the  eminence,  and  at  the  same  time  the  condyle  revolves  on  the  disk.  In  shutting  the 
mouth  the  reverse  action  takes  place;  the  disk  glides  back,  carrying  the  condyle  with  it,  and  this 
at  the  same  time  moves  back  to  its  former  position.  When  the  mandible  is  carried  horizontally 
forward,  as  in  protruding  the  lower  incisor  teeth  in  front  of  the  upper,  the  movement  takes  place 
principally  in  the  upper  joint,  the  disk  and  the  condyle  gliding  forward  on  the  mandibular  fossa 
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and  articular  tubercle.  The  grinding  or  chewing  movement  is  produced  by  one  condyle,  with 
its  disk,  gliding  alternately  forward  and  backward,  while  the  other  condyle  moves  simultaneously 
in  the  opposite  direction;  at  the  same  time  the  condyle  undergoes  a  vertical  rotation  on  the  disk. 
One  condyle  advances  and  rotates,  the  other  condyle  recedes  and  rotates,  in  alternate  succession. 

The  mandible  is  depressed  by  its  own  weight,  assisted  by  the  Platysma,  the  Digastricus,  the 
Mylohyoideus,  and  the  Geniohyoideus.  It  is  elevated  by  the  Masseter,  Pterygoideus  internus, 
and  the  anterior  part  of  the  Temporalis.  It  is  drawn  forward  by  the  simultaneous  action  of  the 
Pterygoidei  internus  and  externus,  the  superficial  fibres  of  the  Masseter  and  the  anterior  fibres 
of  the  Temporalis;  and  backward  by  the  deep  fibres  of  the  Masseter  and  the  posterior  fibres  of  the 
Temporalis.  The  grinding  movement  is  caused  by  the  alternate  action  of  the  Pterygoidei  of 
either  side. 

Applied  Anatomy. — The  mandible  is  dislocated  only  in  one  direction,  viz.,  forward.  The 
accident  is  caused  by  violence  or  by  muscular  action.  When  the  mouth  is  open,  the  condyle  is 
situated  on  the  articular  tubercle,  and  any  sudden  violence,  or  even  a  sudden  muscular  spasm, 
as  during  a  convulsive  yawn,  may  displace  the  condyle  forward  into  the  infratemporal  fossa. 
The  displacement  may  be  unilateral  or  bilateral.  Reduction  is  accomplished  by  depressing  the 
jaw  with  the  thumbs  placed  on  the  last  molar  teeth,  and  at  the  same  time  elevating  the  chin. 
The  downward  pressure  overcomes  the  spasm  of  the  Masseter,  Temporalis,  and  Pterygoideus 
internus,  and  elevation  of  the  chin  throws  the  condyle  backward;  the  above-mentioned  muscles 
then  draw  the  condyle  back  into  its  normal  position. 

In  close  relation  to  the  condyle  of  the  mandible  are  the  external  acoustic  meatus  and  the  tym- 
panic cavity;  any  force,  therefore,  applied  to  the  bone  is  hable  to  be  attended  with  damage  to 
these  parts,  or  inflammation  in  the  joint  may  extend  to  them;  or  on  the  other  hand  inflammation 
of  the  tympanic  cavity  may  involve  the  articulation  and  cause  its  destruction,  thus  leading  to 
ankylosis  of  the  joint.  The  joint  is  also  occasionally  the  seat  of  osteoarthritis,  causing  great 
suffering  during  efforts  of  mastication.  A  peculiar  affection  sometimes  attacks  the  neck  and 
condyle  of  the  mandible,  consisting  in  hypertrophy  and  elongation  of  these  parts  and  consequent 
protrusion  of  the  chin  to  the  opposite  side. 

V.    Costovertebral  Articulations  (Articulationes  Costovertebrales). 

The  articulations  of  the  ribs  with  the  vertebral  column  may  be  divided  into  two 
sets,  one  connecting  the  heads  of  the  ribs  with  the  bodies  of  the  vertebrae,  another 
uniting  the  necks  and  tubercles  of  the  ribs  with  the  transverse  processes. 

1.  Articulations  of  the  Heads  of  the  Bibs  {articulationes  capitulorum;  costocentral 
articulations)  (Fig.  435). — ^These  constitute  a  series  of  gliding  or  arthrodial  joints, 
and  are  formed  by  the  articulation  of  the  heads  of  the  typical  ribs  with  the  facets 
on  the  contiguous  margins  of  the  bodies  of  the  thoracic  vertebrae  and  with  the 
intervertebral  fibrocartilages  between  them;  the  first,  tenth,  eleventh,  and  twelfth 
ribs  each  articulate  with  a  single  vertebra.   The  ligaments  of  the  joints  are: 

The  Articular  Capsule.  The  Radiate. 

The  Interarticular. 

The  Articular  Capsule  {capsula  articularis;  capsular  ligament). — ^The  articular 
capsule  surrounds  the  joint,  being  composed  of  short,  strong  fibres,  connecting 
the  head  of  the  rib  with  the  circumference  of  the  articular  cavity  formed  by  the 
intervertebral  fibrocartilage  and  the  adjacent  vertebrae.  It  is  most  distinct  at 
the  upper  and  lower  parts  of  the  articulation*  some  of  its  upper  fibres  pass  through 
the  intervertebral  foramen  to  the  back  of  the  intervertebral  fibrocartilage,  while 
its  posterior  fibres  are  continuous  with  the  ligament  of  the  neck  of  the  rib. 

The  Radiate  Ligament  (ligamentum  capituli  costae  radiatum;  anterior  costoverte- 
bral or  stellate  ligament). — The  radiate  ligament  connects  the  anterior  part  of  the 
head  of  each  rib  with  the  side  of  the  bodies  of  two  vertebrae,  and  the  interverte- 
bral fibrocartilage  between  them.  It  consists  of  three  flat  fasciculi,  which  are 
attached  to  the  anterior  part  of  the  head  of  the  rib,  just  beyond  the  articular  sur- 
face. The  superior  fasciculus  ascends  and  is  connected  with  the  body  of  the  verte- 
bra above;  the  inferior  one  descends  to  the  body  of  the  vertebra  below;  the  middle 
one,  the  smallest  and  least  distinct,  is  horizontal  and  is  attached  to  the  interver- 
tebral fibrocartilage.    The  radiate  ligament  is  in  relation,  in  front,  with  the  thoracic 
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Sst^lia  of  the  sympathetic  trunk,  the  pleura,  and,  on  the  right  side,  with  the  azygos 
^'^in;  behind,  with  the  interarticular  ligament  and  syno\ial  membranes. 
.  In  the  case  of  the  first  rib,  thig  ligament  is  not  divided  into  three  fasciculi,  but 
"s  fibres  are  attached  to  the  body  of  the  last  cervical  vertebra,  as  well  as  to  that 
"'tile first  thoracic.  In  the  articulations  of  the  heads  of  the  tenth,  eleventh,  and 
'"■fifth  ribs,  each  of  which  articulates  with  a  single  vertebra,  the  triradiate  arrange- 
"J^nt  does  not  exist;  but  the  fibres  of  the  ligament  in  each  case  are  connected  to 
"If  'ertebra  above,  as  well  as  to  that  with  which  the  rib  articulates. 


Fio.  4aS. — Coatovertebral  arliculBtiani.     Anterior  view. 

The  loterarticalu'  Ligament  {iigavumium  capituli  costae  irUeTartieulare;  inter- 
arlicular  ligavierU). — The  interarticular  ligament  is  situated  in  the  interior  of  the 
,  joint.  It  consists  of  a  short  band  of  fibres,  Battened  from  above  downward,  attached 
by  one  extremity  to  the  crest  separating  the  two  articular  facets  on  the  head  of 
the  rib,  and  by  the  other  to  the  intervertebral  fibrocartilage ;  it  divides  the  joint 
into  two  cavities.  In  the  joints  of  the  first,  tenth,  eleventh,  and  twelfth  ribs,  the 
interarticular  ligament  does  not  exist;  consequently,  there  is  but  one  cavity  in 
each  of  these  articulations.  This  ligament  is  the  homologue  of  the  lifunentum 
conjucale  present  in  some  mammals,  and  uniting  the  heads  of  opposite  ribs,  across 
the  back  of  the  inter\ertebral  filwocartilage. 

SpiOTlal  Membnnei. — There  are  two  synovial  membranes  in  each  of  the  articulations  where 
aa  interarticuliu'  ligament  exists,  one  above  and  one  below  tbis  Btructure;  but  only  one  in  those 
jiHuts  where  there  are  single  cavities. 

2.  CostobaiUTerse  Aiticolatioiu  {artwuhtiones  costotransversarias)  (Fig.  436). — 
The  articular  portion  of  the  tubercle  of  the  rib  forms  with  the  articular  surface 
on  the  adjacent  transverse  process  an  arthrodial  joint. 

In  the  eleventh  and  twelfth  ribs  this  articulation  is  wanting. 

The  ligaments  of  the  joint  are: 

The  Articular  Capsule.  The  Posterior  Costotransverse. 

The  Anteripr  Costotransverse.  The  Ligament  of  the  Neck  of  the  Rib. 

The  Ligament  of  the  Tubercle  of  the  Rib. 
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-The  Articvlu  CapBOl*  {capsula  articularU;  capsvlar  ligament). — The  articular  cap- 
sule is  a  tViin  membrane  attached  to  the  circumferences  of  the  articular  surfaces, 
and  lined  by  a  synovial  membrane. 


Fia.  430. — CoBtotrsor 


SeeD  from  above. 


The  Anterior  CostotransTerse  Llcament  {liga- 
mentum  costotransversarium  anterius;  anterior 
superior  ligament). — The  anterior  costotrans- 
verse ligament  is  attached  below  to  the  sharp 
crest  on  the  upper  border  of  the  neck  of  the 
rib,  and  passes  obliquely  upward  and  lateral- 
ward  to  the  lower  border  of  the  transverse 
process  immediately  above.  It  is  in  relation,' 
in  front,  with  the  intercostal  vessels  and 
nerves;  its  medial  border  is  thickened  and 
free,  and  bounds  an  aperture  which  transmits 
the  posterior  branches  of  the  intercostal  vessels 
and  nerves;  its  lateral  border  is  continuous 
with  a  thin  aponeurosis,  which  covers  the 
Intercostal  is  externus. 

The  first  rib  has  no  anterior  costotransverse 
ligament.  A  band  of  fibres,  the  Inmbocoetal 
ligament,  in  series  with  the  anterior  costotrans- 
verse ligaments,  connects  the  neck  of  the 
twelfth  rib  to  the  base  of  the  transverse  pro- 
cess of  the  first  lumbar  vertebra;  it  is  merely 
a  thickened  portion  of  the  posterior  layer  of 
the  lumbodorsal  fascia. 

The  Posterior  Costottansverse  Lifamest  {liga- 
mentum  cosfotTansveTSarium  posterius).  —  The 
posterior  costotransverse  ligament  is  a  feeble 
band  which  is  attached  below  to  the  neck  of 
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the  rib  and  passes  upward  and  medialward  to  the  base  of  the  transverse  process 
and  lateral  border  of  the  inferior  articular  process  of  the  vertebra  above. 

The  Ligament  of  the  Neck  of  the  Rib  {ligamerdum  colli  costae;  middle  costotransverse 
or  ifderosseous  ligament). — ^The  ligament  of  the  neck  of  the  rib  consists  of  short 
but  strong  fibres,  connecting  the  rough  surface  on  the  back  of  the  neck  of  the  rib 
with  the  anterior  surface  of  the  adjacent  transverse  process.  A  rudimentary 
ligament  may  be  present  in  the  case  of  the  eleventh  and  twelfth  ribs. 

The  Ligament  of  the  Tubercle  of  the  Rib  (ligamentum  tvberculi  costae;  posterior 
costotranstierse  ligament). — ^The  ligament  of  the  tubercle  of  the  rib  is  a  short  but 
thick  and  strong  fasciculus,  which  passes  obliquely  from  the  apex  of  the  transverse 
process  to  the  rough  non-articular  portion  of  the  tubercle  of  the  rib.  The  ligaments 
attached  to  the  upper  ribs  ascend  from  the  transverse  processes;  they  are  shorter 
and  more  oblique  than  those  attached  to  the  inferior  ribs,  which  descend  slightly. 

Movements. — ^The  heads  of  the  ribs  are  so  closely  connected  to  the  bodies  of  the  vertebifse 
by  the  radiate  and  interarticular  ligaments  that  only  slight  gliding  movements  of  the  articular 
surfaces  on  one  another  can  take  place.  Similarly,  the  strong  ligaments  binding  the  necks  and 
tubercles  of  the  ribs  to  the  transverse  processes  limit  the  movements  of  the  costotransverse 
joints  to  slight  gliding,  the  nature  of  which  is  determined  by  the  shape  and  direction  of  the  articular 
surfaces  (Fig.  437).  In  the  upper  six  ribs  the  articular  surfaces  on  the  tubercles  are  oval  in  shape 
and  convex  from  above  downward;  they  fit  into  corresponding  concavities  on  the  anterior  sur- 
face9  of  the  transverse  processes,  so  that  upward  and  downward  mov^ents  of  the  tubercles  are 
associated  with  rotation  of  the  rib  neck  on  its  long  axis.  In  the  seventh,  eighth,  ninth,  and  tenth 
ribe  the  articular  surfaces  on  the  tubercles  are  flat,  and  are  directed  obliquely  downward,  medial- 
ward,  and  backward.  The  surfaces  with  which  they  articulate  are  placed  on  the  upper  margins 
of  the  transverse  processes;  when,  therefore,  the  tubercles  are  drawn  up  they  are  at  the  same 
time  carried  backward  and  medialward.  The  two  joints,  costocentral  and  costotransverse,  move 
simultaneously  and  in  the  same  directions,  the  total  effect  being  that  the  neck  of  the  rib  moves 
as  if  on  a  single  joint,  of  which  the  costocentral  and  costotransverse  articulations  form  the  ends. 
In  the  upper  six  ribs  the  neck  of  the  rib  moves  but  slightly  upward  and  downward;  its  chief 
movement  is  one  of  rotation  around  its  own  long  axis,  rotation  backward  being  associated  with 
depression,  rotation  forward  with  elevation.  In  the  seventh,  eighth,  ninth,  and  tenth  ribs  the 
neck  of  the  rib  moves  upward,  backward,  and  medialward,  or  downward,  forward,  and  lateral- 
ward;  very  slight  rotation  accompanies  these  movements. 

YL     Sternocostal  Articulations  (Articulationes  Stemocostales ;  Costostemal 

Articulations)  (Fig.  438) 

The  articulations  of  the  cartilages  of  the  true  ribs  with  the  sternum  are 
arthrodial  joints,  with  the  exception  of  the  first,  in  which  the  cartilage  is  directly 
united  with  the  sternum,  and  which  is,  therefore,  a  synarthrodial  articulation. 
The  ligaments  connecting  them  are: 

The  Articular  Capsules.  The  Interarticular  Sternocostal. 

The  Radiate  Sternocostal.  The  Costoxiphoid. 

The  Articular  Capsules  {capsvlae  articulares;  capsular  ligaments). — The  articular 
capsules  surround  the  joints  between  the  cartilages  of  the  true  ribs  and  the 
sternum.  They  are  very  thin,  intimately  blended  with  the  radiate  sternocostal 
ligaments,  and  strengthened  at  the  upper  and  lower  parts  of  the  articulations  by  a 
few  fibres,  which  connect  the  cartilages  to  the  side  of  the  sternum. 

The  Radiate  Sternocostal  Ligaments  {ligamenta  stemocostalia  radiata;  chondro- 
sternal  or  sternocostal  ligaments). — ^These  ligaments  consist  of  broad  and  thin  mem- 
branous bands  that  radiate  from  the  front  and  back  of  the  sternal  ends  of  the 
cartilages  of  the  true  ribs  to  the  anterior  and  posterior  surfaces  of  the  sternum. 
They  are  composed  of  fasciculi  which  pass  in  different  directions.  The  superior 
fasciculi  ascend  obliquely,  the  inferior  fasciculi  descend  obliquely,  and  the  middle 
fasciculi  run  horizontally.  The  superficial  fibres  are  the  longest;  they  intermingle 
with  the  fibres  of  the  ligaments  above  and  below  them,  with  those  of  the  opposite 
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side,  and  in  front  with  the  tendinous  fibres  of  origin  of  the  Pectoralis  major,  form- 
ing a  thick  fibrous  membrane  (membrana  stenu)  which  envelopes  the  sternum. 
This  is  more  distinct  at  the  lower  than  at  the  upper  part  of  the  bone. 

The  Interarticnlar  Sternocostal  LiKomeut  {ligamenium  sternocoatale  irderarticulare; 
interarticular  chondTostemal  ligament). — This  ligament  is  found  constantly  only 
between  the  second  costal  cartilages  and  the  sternum.    The  cartilage  of  the  second 


rib  is  connected  with  the  sternum  bj'  means  of  an  interarticular  Hgament,  attached 
by  one  end  to  the  cartilage  of  the  rib,  and  by  the  other  to  the  fibrocartilage  which 
unites  the  manubrium  and  body  of  the  sternum.  This  articulation  is  provided 
with  two  synovial  membranes.  Occasionally  the  cartilage  of  the  third  rib  is  con- 
nected with  the  first  and  second  pieces  of  the  body  of  the  sternum  by  an  interartic- 
ular ligament.    Still  more  rarely,  similar  ligaments  are  found  in  the  other  four 
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loints  of  the  series.  -In  the  lower  two  the  ligament  sometimes  completely  obliterates 
the  cavit}',  so  as  to  convert  the  articulation  into  an  amphiarthrosis. 

The  Ckistoxiphoid  Ligaments  {ligamenta  costoxiphoidea;  chondroxiphoid  ligamerds), 
—These  ligaments  connect  the  anterior  and  posterior  surfaces  of  the  seventh 
costal  cartilage,  and  sometimes  those  of  the  sixth,  to  the  front  and  back  of  the 
xiphoid  process.  They  varj"  in  length  and  breadth  in  diflFerent  subjects;  those  on 
the  back  of  the  joint  are  less  distinct  than  those  in  front. 

Synovial  Membranes. — There  is  no  synovial  membrane  between  the  first  costal  cartilage  and 
the  sternum,  as  this  cartilage  is  directly  continuous  with  the  manubrium.  There  are  two  in  the 
articulation  of  the  second  costal  cartilage  and  generally  one  in  each  of  the  other  joints;  but  those 
of  the  sixth  and  seventh  sternocostal  joints  are  sometimes  absent;  where  an  interarticular  liga- 
ment is  present,  there  are  two  synovial  cavities.  After  middle  life  the  articular  surfaces  lose  their 
polish,  become  roughened,  and  the  synovial  membranes  apparently  disappear.  In  old  age,  the 
cartilages  of  most  of  the  ribs  become  continuous  with  the  sternum,  and  the  joint  cavities  are 
consequently  obliterated. 

Ifovements. — Slight  gliding  movements  are  permitted  in  the  sternocostal  articulations. 

Inteichondral  Articulations  (articulationes  interchondrales;  articulations  of  the 
cartHages  of  the  ribs  with  each  other)  (Fig.  438). — ^The  contiguous  borders  of  the  sixth, 
seventh,  and  eighth,  and  sometimes  those  of  the  ninth  and  tenth,  costal  cartilages 
articulate  with  each  other  by  small,  smooth,  oblong  facets.  Each  articulation 
is  enclosed  in  a  thin  articular  capsule,  lined  by  ssmovial  membrane  and  strengthened 
laterally  and  medially  by  ligamentous  fibres  (interchondral  ligaments)  which  pass 
from  one  cartilage  to  the  other.  Sometimes  the  fifth  costal  cartilages,  more  rarely 
the  ninth  and  tenth,  articulate  by  their  lower  borders  with  the  adjoining  cartilages 
by  small  oval  facets;  more  frequently  the  connection  is  by  a  few  ligamentous  fibres. 

Costochondral  Articulations. — ^The  lateral  end  of  each  costal  cartilage  is  received 
mto  a  depression  in  the  sternal  end  of  the  rib,  and  the  two  are  held  together  by  the 
periosteum. 

vn.   Articulation  of  the  Manubrium  and  Body  of  the  Sternum. 

The  manubrium  is  united  to  the  body  of  the  sternum  either  by  an  amphiarthrodial 
joint— a  piece  of  fibrocartilage  connecting  the  segments — or  by  a  diarthrodial 
joint,  in  which  the  articular  surface  of  each  bone  is  clothed  with  a  lamina  of  car- 
tilage.   In  the  latter  case,  the  cartilage  covering  the  body  is  continued  without 
inten-uption  on  to  the  cartilages  of  the  facets  for  the  second  ribs.    Rivington 
found  the  diarthrodial  form  of  joint  in  about  one-third  of  the  specimens  examined 
by  him,  Maisonneuve  more  frequently.    It  appears  to  be  rare  in  childhood,  and 
is  formed,  in  Rivington's  opinion,  from  the  amphiarthrodial  form,  by  absorption. 
The  diarthrodial  joint  seems  to  have  no  tendency  to  ossify,  while  the  amphiar- 
throdial is  more  liable  to  do  so,  and  has  been  found  ossified  as  early  as  thirty-four 
years  of  age.    The  two  segments  are  further  connected  by  anterior  and  posterior 
inteistemal  ligaments  consisting  of  longitudinal  fibres. 

Medunirai  of  the  Thorax. — ^Each  rib  possesses  its  own  range  and  variety  of  movements,  but 
tbe  movements  of  all  are  combined  in  the  respiratory  excursions  of  the  thorax.  Each  rib  may 
^  jc^ed  as  a  lever  the  fulcrum  of  which  is  situated  immediately  outside  the  costotransverse 
articulation,  so  that  when  the  body  of  the  rib  is  elevated  the  neck  is  depressed  and  vice  versa; 
frcMn  the  disproportion  in  length  of  the  arms  of  the  lever  a  slight  movement  at  the  vertebral  end 
of  the  rib  is  greatly  magnified  at  the  anterior  extremity. 

The  anterior  ends  of  the  ribs  lie  on  a  lower  plane  than  the  posterior;  when  therefore  the  body 
of  the  rib  is  elevated  the  anterior  extremity  is  thrust  also  forward.  Again,  the  middle  of  the  body 
of  the  rib  lies  in  a  plane  below  that  passing  through  the  two  extremities,  so  that  when  the  body 
^  elevated  relatively  to  its  ends  it  is  at  the  same  time  carried  outward  from  the  median  plane 
of  the  thorax.  Further,  each  rib  forms  the  segment  of  a  curve  which  is  greater  than  that  of  the 
rib  immediately  above,  and  therefore  the  elevation  of  a  rib  increases  the  transverse  diameter 
of  the  thorax  in  the  plane  to  which  it  is  raised.  The  modifications  of  the  rib  movements  at  their 
vertebral  ends  have  already  been  described  (page  399).  Further  modifications  result  from  the 
28 
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attachments  of  their  au^rior  extremities,  and  it  is  convenient  therefore  to  consider  separat^y 
the  movements  o!  the  nbs  of  the  three  groups — ^vertebrosternal,  vertebrochondral,  and  vertebral. 

Vertebrosternal  Ribs  (Figs.  439, 
440). — The  first  rib  differs  from  the 
others  of  this  group  in  that  its  at- 
tachment to  the  sternum  is  a  rigid 
one;  this  is  counterbalanced  to  some 
extent  by  the  fact  that  its  head 
possesses  no  interarticular  ligament, 
and  is  therefore  more  movable.  The 
first  pair  of  ribs  with  the  manu- 
brium stemi  move  as  a  single  piece, 
the  anterior  portion  being  elevated 
by  rotatory  movements  at  the 
vertebral  extremities.  In  normal 
quiet  respiration  the  movement  of 
this  arc  is  practically  nU;  when  it 
does  occur  the  anterior  part  is 
raised  and  carried  forward,  increas- 
ing the  antero-posterior  and  trans- 
verse diameters  of  this  region  of  the 
chest.  The  movement  of  the  second 
rib  is  also  slight  in  normal  respira- 
tion, as  its  anterior  extremity  is 
fixed  to  the  manubrium,  and  pre- 
vented therefore  from  moving  up- 
ward. The  sternocostal  articulation, 
however,  allows  the  middle  of  the 
body  of  the  rib  to  be  drawn  up,  and 
in  this  way  the  transverse. thoracic  diameter  is  increased.  Elevation  of  the  third,  fourth,  fifth, 
and  sixth  ribs  raises  and  thrusts  forward  their  anterior  extremities,  the  greater  part  of  the  move- 
ment being  effected  by  the  rotation  of  the  rib  neck  backward.  The  thrust  of  the  anterior 
extremities  carries  forward  and  upward  the  body  of  the  sternum,  which  moves  on  the  joint 


Fia.  439. — ^Lateral  view  of  first  and  seveDih  ribs  in  position,  show^ 
ing  the  movements  of  the  sternum  and  ribs  in  A,  ordinary  expiration; 
B,  quiet  inspiration;  C,  deep  inspiration. 


Fig.  440. — Diagram  showing  the  axes  of  movement 
(A  B  and  C  D)  of  a  vertebrosternal  rib.  Tlie  inter- 
rupted lines  indicate  the  position  of  the  rib  in 
inspiration. 


Fio.  441. — Diagram  showing  the  axis  of  movement 
(A  B)  of  a  vertebrochondral  rib.  ^  The  interrupted  lines 
indicate  the  position  of  the  rib  in  inspiration. 


between  it  and  the  manubrium,  and  thus  the  antero-posterior  thoracic  diameter  is  increased. 
This  movement  is,  however,  soon  arrested,  and  the  elevating  force  is  then  expended  in  raising 
the  middle  part  of  the  body  of  the  rib  and  everting  its  lower  border;  at  the  same  time  the 
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cwtochondral  angle  ia  opened  out.    By  these  latter  movements  a.  considerable  ii 
tnnsverse  diameter  of  the  thorax  is  effected. 

VaUhnxhondToi  Ribs  <Fig.  441).— The  seventh  rib  ia  included  with  this  group,  as  it  confotmfl 
more  closely  to  their  type.  While  the  movements  of  these  ribs  assist  in  enlai^ng  the  thorax 
ioT  respiratory  puipoaee,  they  are  also  concerned  in  increasing  the  upper  abdominal  space  for 
viscera  displaced  by  the  action  of  the  Diaphragma.  The  costal  cartilages  articulate  with  one 
aoollier,  so  that  each  pushes  up  that  above  it,  the  final  thrust  being  directed  to  pushing  forward 
mi  upward  the  lower  end  of  the  body  of  the  sternum.  The  amount  of  elevation  of  the  anterior 
eitrWnitiea  is  limited  on  account  of  the  very  slight  rotation  of  the  rib  neck.  Elevation  of  the 
shaft  ia  accompanied  by  an  outward  and  backward  movement;  the  outward  movement  everts 
the  uiUrioc  end  of  the  rib  and  opens  up  the  subcostal  angle,  while  the  backward  movement ' 
pulktMck  the  anterior  extremity  and  counteracts  the  forward  thrust  due  to  its  elevation;  this 
latter  is  moat  noticeable  in  the  lower  ribs,  which  are  the  shortest.  The  total  result  is  a  consideT' 
■ble  inerease  in  the  transverse  and  a  diminution  in  the  median  antero-posterior  diameter  of  the 
upper  part  irf  the  abdomen;  at  the  same  time,  however,  the  lateral  antero-posterior  diameters  of 
the  aiidamen  are  increased. 

Ven^ird  fli(«.— Since  theee  ribs  have  free  anterior  extremities  and  only  costocentral  articula- 
tions nith  DO  interarticular  Ugaments,  they  are  capable  of  slight  movements  in  all  directions. 
Wlien  the  other  ribs  are  elevated  these  are  depressed  and  fixed  to  form  points  of  action  for  the 

Dttphr»pn* 


Flo.  *42.~ArUculatioDS  of  pelvis  and  hip.    .^nMcior  vien. 

Vm.    Articalation  <^  tlie  Vertebral  Colninn  vith  the  Pelvis. 

The  ligaments  connecting  the  fifth  lumbar  vertebra  with  the  sacrum  are  similar 
tfl  those  which  join  the  movable  segments  of  the  vertebral  column  with  each  other 
—viz.:  1.  The  continuation  downward  of  the  anterior  and  i)osterior  longitudinal 
ligaments.  2.  The  inter\'ertebral  fibrocartilage,  connecting  the  body  of  the  fifth 
lumbar  to  that  of  the  first  sacral  vertebra  and  forming  an  amphiarthrodial  joint, 
3.  Ligamenta  fiava,  uniting  the  laminae  of  the  fifth  lumbar  vertebra  with  those 
of  tbe  first  sacral.  4.  Capsules  connecting  the  articular  processes  and  forming 
a  double  arthrodia.    5.  Inter-  and  supraspinal  ligaments. 
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On  either  side  an  additional  ligament,  the  iliolumbar,  connects  the  pelvis  with 
the  vertebral  column. 

The  niolumbar  Ligament  {ligamenium  iliolumbale)  (Fig.  442). — ^The  iliolumbar 
ligament  is  attached  above  to  the  lower  and  front  part  of  the  transverse  process 
of  the  fifth  lumbar  vertebra.  It  radiates  as  it  passes  lateralward  and  is  attached 
by  two  main  bands  to  the  pelvis.  The  lower  bands  run  to  the  base  of  the  sacrum, 
blending  with  the  anterior  sacroiliac  ligament;  the  upper  is  attached  to  the  crest 
of  the  Uium  immediately  in  front  of  the  sacroiliac  articulation,  and  is  continuous 
above  with  the  lumbodorsal  fascia.  In  front,  it  is  in  relation  with  the  Psoas  major; 
behind,  with  the  muscles  occupying  the  vertebral  groove;  above,  with  the  Quadratus 
lumborum. 

IX.    Articulations  of  the  Pelvis. 

The  ligaments  connecting  the  bones  of  the  pelvis  with  each  other  may  be  divided 
into  four  groups:  1.  Those  connecting  the  sacrum  and  ilium.  2.  Those  passing 
between  the  sacrum  and  ischium.  3.  Those  uniting  the  sacrum  and  coccyx.  4. 
Those  between  the  two  pubic  bones. 

1.  Sacroiliac  Articulation  (articidatio  sacroiliaca). — ^The  sacroiliac  articulation 
is  an  amphiarthrodial  joint,  formed  between  the  auricular  surfaces  of  the  sacrum 
and  the  ilium.  The  articular  surface  of  each  bone  is  covered  with  a  thin  plate 
of  cartilage,  thicker  on  the  sacrum  than  on  the  ilium.  These  cartilaginous  plates 
are  in  close  contact  with  each  other,  and  to  a  certain  extent  are  united  together 
by  irregular  patches  of  softer  fibrocartilage,  and  at  their  upper  and  posterior  part 
by  fine  interosseous  fibres.  In  a  considerable  part  of  their  extent,  especially  in 
advanced  life,  they  are  separated  by  a  space  containing  a  synovia-like  fluid,  and 
hence  the  joint  presents  the  characteristics  of  a  diarthrbsis.  The  ligaments  of  the 
joint  are: 

The  Anterior  Sacroiliac.  The  Posterior  Sacroiliac. 

The  Interosseous. 

The  Anterior  Sacroiliac  Ligament  (ligamentum  sacroiliacum  anterius)  (Fig.  442). — 
The  anterior  sacroiliac  ligament  consists  of  numerous  thin  bands,  which  connect 
the /interior  surface  of  the  lateral  part  of  the  sacrum  to  the  margin  of  the  auricular 
surface  of  the  ilium  and  to  the  preauricular  sulcus. 

The  Posterior  Sacroiliac  Ligament  {ligamentum  sacroiliacum  posterius)  (Fig.  443). 
— The  posterior  sacroiliac  ligament  is  situated  in  a  deep  depression  between  the 
sacrum  and  ilium  behind;  it  is  strong  and  forms  the  chief  bond  of  union  between 
the  bones.  It  consists  of  numerous  fasciculi,  which  pass  between  the  bones  in 
various  directions.  The  upper  part  (short  posterior  sacroiliac  ligament)  is  nearly 
horizontal  in  direction,  and  passes  from  the  first  and  second  transverse  tubercles 
on  the  back  of  the  sacrum  to  the  tuberosity  of  the  ilium.  The  lower  part  (long 
posterior  sacroiliac  ligament)  is  oblique  in  direction;  it  is  attached  by  one  extremity 
to  the  third  transverse  tubercle  of  the  back  of  the  sacrum,  and  by  the  other  to  the 
posterior  superior  spine  of  the  ilium. 

The  Interosseous  Sacroiliac  Ligament  (ligamentum  sacroiliacum  interosseum) . — 
This  ligament  lies  deep  to  the  posterior  ligament,  and  consists  of  a  series  of  short, 
strong  fibres  connecting  the  tuberosities  of  the  sacrum  and  ilium. 

2.  Ligaments  Connecting  the  Sacrum  and  Ischium  (Fig.  443). 

The  Sacrotuberous.  The  Sacrospinous. 

The  Sacrotuberous  Ligament  (ligamentum  sacrotuberosum;  great  or  posterior 
sacrosdatic  ligament), — The  sacrotuberous  ligament  is  situated  at  the  lower  and 
back  part  of  the  pelvis.  It  is  flat,  and  triangular  in  form;  narrower  in  the  middle 
than  at  the  ends;  attached  by  its  broad  base  to  the  posterior  inferior  spine  of  the 
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iliunj,  to  the  fourth  and  fifth  transverse  tubercles  of  the  sacrum,  and  to  the  lower 
I*rt  ot  the  lateral  margin  of  that  bone  and  the  coccyx.  Passing  obliquely  downward, 
forviHrd,  and  lateralward,  it  becomes  narrow  and  thick,  but  at  its  insertion  into 
uie  inner  marg:in  of  the  tuberosity  of  the  ischium,  it  increases  in  breadth,  and  is 
prolonged  forward  along  the  inner  margin  of  the  ramus,  as  the  falcifonn  process, 
the  tree  concave  edge  of  which  gives  attachment  to  the  obturator  fascia;  one  of  its 
^ttces  is  turned  toward  the  perineum,  the  other  toward  the  Obturator  internus. 
Thehwer  border  of  the  ligament  is  directly  continuous  with  the  tendon  of  origin 
of  the  Jong  head  of  the  Biceps  femoris,  and  by  many  is  believed  to  be  the  proximal 
end  of  this  tendon,  cut  off  by  the  projection  of  the  tuberosity'  of  the  ischium. 


Btlatictu. — The  ■pmterioT  gurface  of  this  ligament  gives  origin,  by  its  whole  extent,  to  the 
Glutieua  maxiiiius.  Its  anfmor  eurfaee  is  in  part  united  to  the  sacrospinous  ligament.  Ita  upper 
border  forms,  above,  the  posterior  boundary  of  the  greater  sciatic  foramen,  and,  below,  the  pos- 
Urior  boundary  of  the  lesaer  sciatic  foramen.  Its  lower  border  forme  part  of  the  boundary  of  the 
pcnneum.  It  is  pierced  by  the  coccygeal  nerve  and  the  coccygeal  branch  of  the  inferior  gluteal 
ulery. 

The  Sumpiiuiiis  Ligament  {ligamentttm  sacrospinosum;  small  or  anterior  sacTo- 
Kiatic  liganwnt). — The  sacrospinous  ligament  is  thin,  and  triangular  in  form; 
it  is  attached  by  its  apex  to  the  spine  of  the  ischium,  and  medially,  by  its  broad 
base,  to  the  lateral  margins  of  the  sacrum  and  coccyx,  in  front  of  the  sacrotuberous 
ligament  with  which  its  fibres  are  intermingled. 


is  in  relation,  anteriorly,  with  the  Coccygeus  muscle,  to  which  it  is  closely  con- 
nected; jxttlericriy,  it  is  covwed  by  the  sacrotuberous  ligament,  and  crossed  by  the  internal 
pudoidal  veasels  and  nerve.  Its  upper  harder  forms  the  lower  boundary  of  the  greater  sciatic 
foramen;  its  laaxr  border,  part  of  the  margin  of  the  lesser  sciatic  foramen. 
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These  two  ligacxxents  convert  the  sciatic  notches  into  foramina.  The  greater  sdatie  foramen 
is  bo\mded,  in  front  and  abovCf  by  the  posterior  border  of  the  hip  bone;  behind,  by  the  sacrotuberous 
Ugament;  and  belotD?  by  the  sacrospinous  ligament.  It  is  partially  filled  up,  in  the  recent  state, 
by  the  Pirifomus  which  leaves  the  pelvis  through  it.  Above  this  'muscle,  the  superior  gluteal 
vessels  and  nerve  emerge  from  the  pelvis;  and  below  it,  the  inferior  gluteal  vessels  and  nerve, 
the  internal  pudendal  vessels  and  nerve,  the  sciatic  and  posterior  femoral  cutaneous  nerves,  and 
the  nerves  to  the  Obturator  intemus  and  Quadratus  femoris  make  their  exit  from  the  pelvis. 
The  leBBer  sciatic  foramen  is  bounded,  in  fronty  by  the  tuberosity  of  the  ischium;  abovcy  by  the 
spine  of  the  ischium  and  sacrospinous  ligament;  behind^  by  the  sacrotuberous  ligament.  It  trans- 
mits the  tendon  of  the  Obturator  intemus,  its  nerve,  and  the  internal  pudendal  vessels  and  nerve 

3.  Sacrococcygeal  Symphysis  (symphysis  sacrococcygea;  articulation  of  the  sacrum 
and  coccyx), — ^This  articulation  is  an  amphiarthrodial  joint,  formed  between  the 
Oval  surface  at  the  apex  of  the  sacrum,  and  the  base  of  the  coccyx.  It  is  homol- 
ogous with  the  joints^ between  the  bodies  of  the  vertebrae,  and  is  connected  by 
similar  ligaments.    They  are : 

The  Anterior  Sacrococcygeal.  The  Lateral  Sacrococcygeal. 

The  Posterior  Sacrococcygeal.  The  Interposed  Fibrocartilage. 

The  Interarticidar. 

The  Anterior  Sacrococcygeal' Ligament  {Ugamentum  sacrococcygeum  arUervus). — 
This  consists  of  a  few  irregular  fibres,  which  descend  from  the  anterior  surface 
of  the  sacrum  to  the  front  of  the  coccyx,  blending  with  the  periosteum. 

The  Posterior  Sacrococcygeal  Ligament  {ligamentum  sacrococcygeum  posterivs). — 
This  is  a  flat  band,  which  arises  from  the  margin  of  the  lower  orifice  of  the  sacral 
canal,  and  descends  to  be  inserted  into  the  posterior  surface  of  the  coccyx.  This 
ligament  completes  the  lower  and  back  part  of  the  sacral  canal,  and  is  divisible 
into  a  short  deep  portion  and  a  longer  superficial  part.  It  is  in  relation,  behind, 
with  the  Glutaeus  maxinius. 

The  Lateral  Sacrococcygeal  Ligament  {ligamervtum  sacrococcygeum  laterale;  inter^ 
transverse  ligament). — ^The  lateral  sacrococcygeal  ligament  exists  on  either  side 
and  connects  the  transverse  process  of  the  coccyx  to  the  lower  lateral  angle  of  the 
sacrum;  it  completes  the  foramen  for  the  fifth  sacral  nerve. 

A  disk  of  fibrocartilage  is  interposed  between  the  contiguous  surfaces  of  the 
sacrum  and  coccyx;  it  differs  from  those  between  the  bodies  of  the  vertebrae  in 
that  it  is  thinner,  and  its  central  part  is  firmer  in  texture.  It  is  somewhat  thicker 
in  front  and  behind  than  at  the  sides.  Occasionally  the  coccyx  is  freely  movable 
on  the  sacrum,  most  notably  during  pregnancy;  in  such  cases  a  synovial  membrane 
is  present. 

The  Interarticular  Ligaments  are  thin  bands,  which  unite  the  cornua  of  the  two 
bones. 

The  different  segments  of  the  coccyx  are  connected  together  by  the  extension 
downward  of  the  anterior  and  posterior  sacrococcygeal  liganients,  thin  annular 
disks  of  fibrocartilage  being  interposed  between  the  segments.  In  the  adult  male, 
all  the  pieces  become  ossified  together  at  a  comparatively  early  period;  but  in  the 
female,  this  does  not  commonly  occur  until  a  later  period  of  life.  At  more  advanced 
age  the  joint  between  the  sacrum  and  coccyx  is  obliterated. 

Movements. — ^The  movements  which  take  place  between  the  sacrum  and  coccyx,  and  between 
the  different  pieces  vof  the  latter  bone,  are  forward  and  backward;  they  are  very  limited.  Their 
extent  increases  during  pregnancy. 

4.  The  Pubic  Symphysis  {symphysis  ossium  pubis;  articulation  of  the  ptibic 
bones)  (Fig.  444). — The  articulation  between  the  pubic  bones  is  an  amphiarthro- 
dial joint,  formed  between  the  two  oval  articular  surfaces  of  the  bones.  The 
ligaments  of  this  articulation  are: 

The  Anterior  Pubic.  The  Superior  Pubic. 

The  Posterior  Pubic.   .  The  Arcuate  Pubic. 

The  Interpubic  Fibrocartilaginous  Lamina. 
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The  Anteiior  Pnbic  Ligament  (Fig.  442). — The  anterior  pubic  ligament  consists 
of  several  superimposed  layers,  which  pass  across  the  front  of  the  articulation. 
The  superficial  fibres  pass  obliquely  from  one  bone  to  the  other,  decussating  and 
forming  an  interlacement  with  the  fibres  of  the  aponeuroses  of  the  Obliqui  externi 
and  the  medial  tendons  of  origin  of  the  Recti  abdominis.  The  deep  fibres  pass 
transversely  across  the  symphysis,  and  are  blended  with  the  fibrocartilaginous 
lamina. 

The  Posteiior  Pnbic  Lifament. — The  posterior  pubic  ligament  consists  of  a  few 
thin,  scattered  fibres,  which  unite  the  two  pubic  bones  posteriorly. 

The  Snperior  Pubic  Lifunent  {ligantentum  pubkum  auperiwa).— The  superior 
pubic  ligament  connects  together  the  two  pubic  bones  superiorly,  extending  later- 
ally as  far  as  the  pubic  tubercles. 


jOro- 
cartihgittpttt 


*  Fm,  444.^.8ymphyiiis  pubis  eipoeed  by  a  corgnal  BcctiOQ^ 

Thg  Aretute  Pubic  Ligament  (Ugamenium  arcuatum  pubis;  inferior  pubic  or 
lutpuiiw  ligaTnent). — The  arcuate  pubic  ligament  is  a  thick,  triangular  arch  of 
ligamentous  fibres,  connecting  together  the  two  pubic  bones  below,  and  forming 
the  upper  boundary  of  the  pubic  arch.  Above,  it  is  blended  with  the  interpubic 
fibrocartilaginous  lamina;  iaterally,  it  is  attached  to  the  inferior  rami  of  the 
pubic  bones;  below,  it  is  free,  and  is  separated  from  the  fascia  of  the  urogenital 
•IJiphragm  by  an  opening  through  which  the  deep  dorsal  vein  of  the  penis  passes 
into  the  pelvis. 

The  InterpQblc  Fibrocartilaginous  Lamina  {lamiria  fihrocartHagijiea  inierpuhica; 
''ife'imtic  disk). — The  interpubic  fibrocartilaginous  lamina  connects  the  opposed 
surfaces  of  the  pubic  bones.  Each  of  these  surfaces  is  covered  by  a  thin  layer  of 
njalme  cartilage  firmly  joined  to  the  bone  by  a  series  of  nipple-like  processes  which 
stturately  fit  into  corresponding  depressions  on  the  osseous  surfaces.  These 
opposed  cartilaginous  surfaces  are  connected  together  by  an  intermediate  lamina 
01  fibrocartilage  which  varies  in  thickness  in  different  subjects.  It  often  contains 
a  cavity  in  its  interior,  probably  formed  by  the  softening  and  absorption  of  the 
fibrocartilage,  since  it  rarel.\'  appears  before  the  tenth  year  of  life  and  is  not  lined 
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by  synovial  membrane.  This  cavity  is  larger  in  the  female  than  in  the  male,  but 
it  is  very  doubtful  whether  it  enlarges,  as  was  formerly  supposed,  during  pregnancy. 
It  is  most  frequently  limited  to  the  upper  and  back  part  of  the  joint;  it  occasion- 
ally reaches  to  the  front,  and  may  extend  the  entire  length  of  the  cartilage.  It  may 
be  easily  demonstrated  when  present  by  making  a  coronal  section  of  the  symphysis 
pubis  near  its  posterior  surface  (Fig.  444). 


H«ebaniun  of  tlie  Pelvia.— The  pelvic  girdle  supports  and  protects  the  contained  viscera  and 
affords  surfaces  for  the  attachments  of  the  trunk  and  lower  limb  muBclce.  Its  most  important 
mechanical  function,  however,  is  to  transmit  the  weight  of  the  trunk  and  upper  limbs  to  the 

It  may  be  divided  into  two  arches  by  a  vertical  plane  passing  through  the  acetabular  cavities; 
the  posterior  of  these  arches  is  the  one  chiefly  concerned  in  the  function  of  transmitting  the 
weight.  Its  essential  parts  are  the  upper  three  sacral  vertebne  and  two  strong  pillars  of  bone 
running  from  the  aacroiliac  articulations  to  the  acetabular  cavities.  For  the  reception  and  diffu- 
sion of  the  weight  each  acetabular  cavity  is  strengthened  by  two  additional  bars  running  toward 


Fio.  44a.— Coronal  wftiDn  of  micfdle  aacral  neiment. 

the  pubis  and  ischium.  In  order  to  lessen  concussion  in  rapid  changes  of  distribution  of  the 
weight,  joints  (aacroihac  articulations)  are  interposed  between  the  sacrum  and  the  iliac  bonee; 
an  accessory  joint  (pubic  symphysis)  exists  in  the  middle  of  the  anterior  arch.  The  sacrum  forma 
the  summit  of  the  posterior  arch;  the  weight  transmitted  falls  on  it  at  the  lumbosacral  articula- 
tion and,  theoretically,  has  a  component  in  each  of  two  directions.  One  component  of  the  force 
is  expended  in  driving  the  sacrum  downward  and  backward  between  the  ihac  bones,  while  the 
other  thrusts  the  upper  end  of  the  sacrum  downward  and  forward  toward  the  pelvic  cavity. 

The  movements  of  the  sacrum  are  regulated  by  its  form.  Viewed  as  a  whole,  it  presents  the 
shape  of  a  wedge  with  its  base  upward  and  forward.  The  first  component  of  the  force  is  there- 
fore acting  against  the  resistance  of  the  wedge,  and  its  tendency  to  separate  the  iliac  bonee  is 
resisted  by  the  sacroiliac  and  iliolumbar  ligaments  and  by  the  ligaments  of  the  pubic  symphysis. 

If  a  aeries  of  coronal  sections  of  the  sacroiliac  joints  be  made,  it  will  b«  found  possible  to  divide 
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the  uticuUr  portion  of  the  sacrum  into  three  Bcgments:  anterior,  middle,  and  posterior.    In 
llie  interior  8«fmMtt  (Fig.  445),  which  involves  the  first  saeral  vertebni,  the  articular  surfaces 
diDv  slight  ainuoaities  and  are  almoet  parallel 
to  ODE  another;  the  distance  between  their 
donil  mugiiiB  is,  however,  BUghtly  greater 
than  that  between  their  ventral  marginB. 
This  segment    therefore  presents   a  slight 
vedie  shape  with  the  truncated  apex  down- 
irud.  The  mlddlo  aexmsnt  (Fig.  446)  is  a 
naiTow  band  across  the  centres  of  the  articu- 
lations.   Its    dorsal     width     is    distinctly  i 
p«ata  than  its  ventral,  so  that  the  s^ment 
it  more  deGaitely  wedge-shaped,  the  trun- 
cated apei  being  again  directed  downward. 

Each  articular  surface  presents  in  the  centre         Fw.  447,— Coronal  awtion  of  postarior  mcrBl  Hinietit. 
a  marked  concavity  from  above  downward, 

and  into  this  a  corresponding  convexity  of  the  ihac  articular  surface  tits,  forming  an  interlocking 
mechaniBm.  In  the  posterior  sofmsnt  (Fig.  447)  the  ventral  width  is  greater  than  the  dorsal, 
so  that  the  wedge  form  is  the  reverse  of  those  of  the  other  segments — i.  e.,  the  truncated  apex 
ia  dirKl«d  upward.      The  articular  surfaces  are  only  shghtly  concave. 

DisloesiioD  downward  and  forward  of  the  sacrum  by  the  second  component  of  the  force  applied 
to  it  is  prevented  therefore  by  the  middle  segment,  which  interposes  the  resistance  of  its  weifee 
shape  and  that  of  the  interlocking  mechanism  on  its  surfaces;  a  rotatory  movement,  however, 
isprodueedby  which  the  anterior  segment  is  tilted  downward  and  the  posterior  upward;  the  axis 
of  thia  rotation  passes  through  the  dorsal  part  of  the  middle  segment.  The  movement  of  the 
anterior  segment  is  slightly  limited  by  its  wedge  form,  but  chiefly  by  the  posterior  and  inter- 
oe««oiu  Escroiliac  ligaments;  that  of  the  posterior  segment  is  checked  to  a  alight  extent  by  its 
■olge  form,  but  the  chief  limiting  factors  are  the  sacrotuberous  and  sacrospinous  ligaments. 
Id  ^  these  movements  the  effect  of  the  sacroiliac  and  iliolumbar  ligaments  and  the  ligaments 
of  the  symphysis  pubis  in  resisting  the  separation  of  the  iliac  bones  must  be  recognized. 

During  pregnancy  the  pelvic  joints  and  Ugaments  are  relaxed,  and  capable  therefore  of  more 
eitensive  movements.  When  the  fetus  is  being  expelled  the  force  is  applied  to  the  front  of  the 
saiTuin,  Upward  dislocation  is  again  prevented  by  the  interlocking  mechanism  of  the  middle 
Mgment.  As  the  fetal  head  passes  the  anterior  segment  the  latter  is  carried  upward,  enlarging 
the  aulero-poeterior  diameter  of  the  pelvic  inlet;  when  the  head  reaches  the  posterior  segment 
thig  alao  is  pressed  upward  against  the  resistance  of  its  wedge,  the  movement  only  being  passible 
by  th«  laxity  of  the  joints  and  the  stretching  of  the  sacrotuberous  and  sacrospinous  ligaments. 

ABTZCUUTIONS  OF  THE  UPPEE  EXTREMTTT. 

The  articulations  of  the  Upper  Extremity  may  be  arranged  as  follows: 

I.  Sternoclavicular.  ^'I.  Wrist, 

II.  Acromioclavicular.  VII.  Intercarpal. 

III,  Shoulder.  VIII.  Carpometacarpal. 

IV.  Elbow.  IX.  Intermetacarpal, 

V.  Radioulnar.  X.  Metacarpophalangeal. 

XL  Articulations  of  the  Digits, 

I-  StenuKlATicDlar  Articulitioii  (Artienlatio  StemoeUTicnlaria)  (Fig.  448). 

The  sternoclavicular  articulation  is  a  double  arthrodial  joint.  The  parts  entering 
into  its  formation  are  the  sternal  end  of  the  clavicle,  the  upper  and  lateral  part 
of  the  manubrium  stemi,  and  the  cartilage  of  the  first  rib.  The  articular  surface 
of  the  clavicle  is  much  larger  than  that  of  the  sternum,  and  is  invested  with  a  layer 
"/ tartjiage,'  which  is  considerably  thicker  than  that  on  the  latter  bone.  The 
JijameDts  of  this  joint  are: 

The  Articular  Capsule,  The  Interclavicular. 

The  Anterior  Sternoclavicular,  The  Costoclavicular. 

The  Posterior  Sternoclavicular.  The  Articular  Disk. 
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The  Articular  Capsule  {caysvla  artieularis;  capsular  ligameni).-—Tixe  articular 
capsule  surrounds  the  articulation  and  varies  in  thickness  and  strength.  In  front 
and  behind  it  is  of  considerable  thickness,  and  forms  the  anterior  and  posterior 
sternoclavicular  ligaments;  but  above,  and  especially  below,  it  is  thin  and  par- 
takes more  of  the  character  of  areolar  than  of  true  fibrous  tissue. 

Tbe  Anterior  Stemoclavicnlar  Liirament  (ligamenium  atemoclamculare  anterior).- — 
The  anterior  sternoclavicular  ligament  is  a  broad  band  of  fibres,  covering  the 
anterior  surface  of  the  articulation;  it  is  attached  above  to  the  upper  and  front  part 
of  thesternal  end  of  the  clavicle,  and,  passing  obliquely  downward  and  medialward, 
is  attached  below  to  the  front  of  the  upper  part  of  the  manubrium  stemi.  This 
ligament  is  covered  by  the  sternal  portion  of  the  Sternocleidomastoideus  and  the 
integument;  behind,  it  is  in  relation  with  the  capsule,  the  articular  disk,  and  the 
two  s\novial  membranes. 


The  Posterior  Steraoclancnlar  Ligament  (ligamentum  sternMtaviculare  posteriia). — 
The  posterior  sternoclavicular  ligament  is  a  similar  band  of  fibres,  covering  the 
posterior  surface  of  the  articulation;  it  is  attached  above  to  the  upper  and  back 
part  of  the  sternal  end  of  the  clavicle,  and,  passing  obliquely  downward  and 
medialward,  is  fixed  below  to  the  back  of  the  upper  part  of  the  manubrium  stemi. 
It  is  in  relation,  in  front,  with  the  articular  disk  and  sj-novial  membranes;  behind, 
with  the  Sternohyoideus  and  Sternothyrcoideus. 

The  InterclftTicular  Ligament  (ligamenhim  interclamculare). — ^This  ligament  is  a 
flattened  band,  which  varies  considerably  in  form  and  size  in  different  individuals, 
it  passes  in  a  curved  direction  from  the  jpper  part  of  the  sternal  end  of  one  clavicle 
to  that  of  the  other,  and  is  also  attached  to  the  upper  margin  of  the  sternum.  It 
is  in  relation,  in  front,  with  the  integument  and  Stemocleidomastoidei;  behind, 
with  the  Sternothyreoidei. 

The  CostocUncnlar  Ligament  (ligamentum  costoclaviculare;  rhomboid  ligaToeni) . — 
This  ligament  is  short,  flat,  strong,  and  rhomboid  in-  form.  Attached  below  to 
the  upper  and  medial  part  of  the  cartilage  of  the  first  rib,  it  ascends  obliquely 
backward  and  lateralward,  and  is  fixed  above  to  the  costal  tuberosity  on  the  under 
surface  of  the  clavicle.  It  is  in  relation,  in  front,  with  the  tendon  of  origin  of  the 
Subcla\ius;  behind,  with  the  subclavian  vein. 

The  Articular  Disk  {diamts  artictdaris) . — The  articular  disk  is  flat  and  nearly 
circular,  interposed  between  the  articulating  surfaces  of  the  sternum  and  clavicle. 
It  is  attached,  above,  to  the  upper  and  posterior  border  of  the  articular  surface  of 
the  clavicle;  below,  to  the  cartilage  of  the  first  rib,  near  its  junction  with  the  sternum ; 
and  by  its  circumference  to  the  interclavicular  and  anterior  and  posterior  sterno- 
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Navicular  ligaments.  It  is  thicker  at  the  circumference,  especially  its  upper  and 
Wk  part,  than  at  its  centre.  It  divides  the  joifit  into  two  cavities,  each  of  which 
IS  furnished  with  a  synovial  membrane. 

Sjnorial  Membranes. — Of  the  two  synovial  membranes  found  in  this  articulation,  the  lateral 
^  Inflected  from  the  sternal  end  of  the  clavicle,  over  the  adjacent  surface  of  the  articular  disk, 
And  around  the  margin  of  the  facet  on  the  cartilage  of  the  first  rib;  the  medial  is  attached  to  the 
margin  of  the  articular  surface  of  the  stemmn  and  clothes  the  adjacent  surface  of  the  articular 
disk;  the  latter  is  the  larger  of  the  two. 

MorementB. — This  articulation  admits  of  a  limited  amount  of  motion  in  nearly  every  direc- 
tion—upward, downward,  backward,  forward,  as  well  as  circumduction.    When  these  move- 
ments take  place  in  the  joint,  the  clavicle  in  its  motion  carries  the  scapula  with  it,  this  bone 
gliding  on  the  outer  surface  of  the  chest.    This  joint  therefore  forms  the  centre  from  which  all 
movements  of  the  supporting  arch  of  the  shoulder  originate,  and  is  the  only  point  of  articulation 
of  the  shoulder  girdle  with  the  trunk.  The  movements  attendant  on  elevation  and  depression  of 
the  shoulder  take  place  between  the  clavicle  and  the  articular  disk,  the  bone  rotating  upon  the 
l^lpunent  on  an  axis  drawn  from  before  backward  through  its  own  articular  facet;  when  the  shoulder 
B  moved  forward  and  backward,  the  clavicle,  with  the  articular  disk  roUs  to  and  fro  on  the 
articuliy  surface  of  the  sternum,  revolving,  with  a  sliding  movement,  around  an  axis  drawn  nearly 
vertically  through  the  sternum;  in  the  circiunduction  of  the  shoulder,  which  is  compounded  of 
iheSB  two  movements,  the  clavicle  revolves  upon  the  articular  disk  and  the  latter,  with  the  clavicle, 
rolls  upon  the  sternum.^    Elevation  of  the  shoulder  is  limited  principally  by  the  costoclavicular 
ligament;  depression,  by  the  interclavicular  ligament  and  articular  disk.    The  muscles  which 
raise  the  shoulder  are  the  upper  fibres  of  the  Trapezius,  the  Levator  scapulae,  and  the  clavicular 
head  of  the  Stemocleidomastoideus,  assisted  to  a  certain  extent  by  the  Rhomboidei,  which  pull 
the  vertebral  border  of  the  scapula  backward  and  upward  and  so  raise  the  shoulder.    The  deprei- 
non  of  the  shoulder  is  principally  effected  by  gravity  assisted  by  the  Subclavius,  Pectoralis  minor 
and  lower  fibres  of  the  Trapezius.    The  shoulder  is  drawn  backward  by  the  Rhomboidei  and  the 
middle  and  lower  fibres  of  the  Trapezius,  and  forward  by  the  Serratus  anterior  and  Pectoralis 
minor. 

^qdied  Anatomy. — The  strength  of  this  joint  mainly  depends  upon  its  ligaments,  and  it  is 
owing  to  these,  and  ta  the  fact  that  the  force  of  the  blow  is  usually  transmitted  along  the  long 
axis  of  the  clavicle,  that  dislocation  rarely  occiurs,  and  that  the  bone  is  broken  rather  than  dis- 
placed. When  dislocation  does  occur,  the  course  which  the  displaced  bone  takes  depends  more 
upon  the  direction  in  which  the  violence  is  applied  than  upon  the  anatomical  construction  of 
the  joint;  it  may  be  either  forward,  backward,  or  upward.  Should  it  be  displaced  backward  it 
may  cause  pressure  on  the  trachea.  The  chief  point  worthy  of  note,  as  regards  the  construction 
of  the  joint,  in  connection  with  dislocation,  is  the  fact  that,  owing  to  the  shape  of  the  articular 
surfaces,  and  the  strength  of  the  joint  mainly  depending  upon  the  ligaments,  the  displacement 
when  reduced  is  very  liable  to  recur,  and  hence  it  is  extremely  difficult  to  keep  the  end  of  the  bone 
in  its  proper  place. 

n.  Acromioclavicular  Articulation  (Articulatio  Acromioclavicularis ;  Scapulo- 

clayicular  Articulation)  (Fig.  449). 

The  acromioclavicular  articulation  is  an  arthrodial  joint  between  the  acromial 
end  of  the  clavicle  and  the  medial  margin  of  the  acromion  of  the  scapula.  Its 
ligaments  are:  *• 

The  Articular  Capsule.  The  Articular  Disk. 

The  Superior  Acromioclavicular.      mi     /-•  i     •    i       (Trapezoid  and 

The  Inferior  Acromioclavicular.       ^^^  Coracoclavicular  |      ^.^^^j^  - 

The  Articular  Capsule- (cap^wia  articularis;  capsular  ligament). — ^The  articular 
capsule  completely  surrounds  the  articular  margins,  and  is  strengthened  above 
and  below  by  the  superior  and  inferior  acromioclavicular  ligaments. 

The  Superior  Acromioclavicular  Ligament  {ligamentum  acromiodaviculare), — 
This  ligament  is  a  quadrilateral  band,  covering  the  superior  part  of  the  articula- 
tion, and  extending  between  the  upper  part  of  the  acromial  end  of  the  clavicle 
and  the  adjoining  part  of  the  upper  surface  of  the  acromion.  It  is  composed 
of  parallel  fibres,  which  interlace  with  the  aponeuroses  of  the  Trapezius  and 
Deltoideus;  behioj  it  is  in  contact  with  the  articular  disk  when  this  is  present. 

1  Humphry,  On  the  Human  Skeleton,  page  402. 
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The  Inlerioi  AcTomiocUTicular  Ligamttit. — This  ligament  is  somewhat  thinner 
than  the  preceding;  it  covers  the  under  part  of  the  articulation,  and  is  attached  to 
the  adjoining  surfaces  of  the  two  bones.  It  is  in  relation,  above,  in  rare  cases  with 
the  articular  disk;  below,  with  the  tendon  of  the  Supraspinatus. 

The  Articiilai  Disk  (discus  articuiaris) . — The  articular  disk  is  frequently  absent 
in  this  articulation.  When  present,  it  generally  only  partially  separates  ^e  artic- 
ular surfaces,  and  occupies  the  upper  part  of  the  articulation.  More  rarely,  it 
completely  divides  the  joint  into  two  cavities. 

The  SynoTiftl  Membrane. —There  ifl  usually  only  one  synovial  membrane  in  this  articulation, 
but  when  a  complete  articular  disk  is  present,  there  are  two. 


Pia.  449.— The  led  ibaulder  ud  Kramiocliviiular  joiali.  snil  the  proper  licmmeoU  of  the  acquis. 

The  Coracoclavicnlar  LiKament  {ligamentum  coTacoclaviculare)  (Fig.  449).^ — This 
ligament  serves  to  connect  the  clavicle  with  the  coracoid  process  of  the  scapula. 
It  does  not  properly  belong  to  this  articulation,  but  is  usually  described  with  it, 
since  it  forms  a  moat  efficient  means  of  retaining  the  clavicle  in  contact  with  the 
acromion.    It  consists  of  two  fasciculi,  called  the  trapezoid  and  conoid  ligaments. 

The  Trapesoid  LiKunent  (ligamentum  trapezoideuvt),  the  anterior  and  lateral  fas- 
ciculus, is  broad,  thin,  and  quadrilateral:  it  is  placed  obliquely  between  the  cora- 
coid process  and  the  clavicle.  It  is  attached,  below,  to  the  upper  surface  of  the 
coracoid  process;  above,  to  the  oblique  ridge  on  the  under  surface  of  the  clavicle. 
Its  anterior  border  is  free;  its  posterior  border  is  joined  with  the  conoid  ligament, 
the  two  forming,  by  their  junction,  an  angle  projecting  backward. 

The  Conoid  Ligament  {ligamentum  conoideum),  the  posterior  and  medial  fasciculus, 
is  a  dense  band  of  fibres,  conical  in  form,  with  its  base  directed  upward.  It  is 
attached  by  its  apex  to  a  rough  impression  at  the  base  of  the  coracoid  process, 
medial  to  the  trapezoid  ligament;  above,  by  its  expanded  base,  to  the  coracoid 
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tuberosity  on  the  under  surface  of  the  clavicle,  and  to  a  line  proceeding  medial- 
^Sixf  from  it  for  1.25  cm.  These  ligaments  are  in  relation,  in  front,  with  the 
SubcJavius  and  Deltoideus;  behindy  with  the  Trapezius. 

HbrementB. — The  movements  of  this  articulation  are  of  two  kinds:    (1)  a  gliding  motion  of 

tie  articular  end  of  the  clavicle  on  the  acromion;  (2)  rotation  of  the  scapula  forward  and  back- 

fjuxi  upon  the  clavicle.    The  extent  of  this  rotation  is  limited  by  the  two  portions  of  the  coraco- 

clancular  ligament,  the  trapezoid  limiting  rotation  forward,  and  the  conoid  backward. 

The  acromioclavicular  joint  has  important  functions  in  the  movements  of  the  upper  extremity. 

It  has  been  well  pointed  out  by  Humphry,  that  if  there  had  been  no  joint  between  the  clavicle 

aod  scapula,  the  circular  movement  of  the  scapula  on  the  ribs  (as  in  throwing  the  shoulders  back- 

md  or  forward)  would  have  been  attended  with  a  greater  alteration  in  the  direction  of  the 

[  sboiilder  than  is  consistent  with  the  free  use  of  the  arm  in  such  positions,  and  it  would  have  been 

;»  ioLpoasible  to  give  a  blow  straight  forward  with  the  full  force  of  the  arm;  that  is  to  say,  with  the 

^  •  combined  force  of  the  scapula,  arm,  and  forearm.    "This  joint,*'  as  he  happily  says,  "is  so  adjusted 

as  to  enable  either  bone  to  turn  in  a  hinge-like  manner  upon  a  vertical  axis  drawn  through  the 

other,  and  it  permits  the  surfaces  of  the  scapula,  like  the  baskets  in  a  roundabout  swing,  to  look 

the  same  way  in  every  position,  or  nearly  so."    Again,  when  the  whole  arch  formed  by  the  clavicle 

and  scapula  rises  and  falls  (in  elevation  or  depression  of  the  shoulder),  the  joint  between  these 

tvo  bones  enables  the  scapula  still  to  maintain  its  lower  part  in  contact  with  the  ribs. 

Applied  Aoatomy. — The  acromioclavicular  joint  owes  its  security  mainly  to  the  coracoclavicular 
ligament,  which  limits  the  amount  of  movement  of  the  acromial  end  of  the  clavicle  either  upward, 
backward,  or  forward.  Owing  to  the  slanting  shape  of  the  articular  surfaces  of  this  joint,  dis- 
location generally  occurs  upward;  that  is  to  say,  the  acromial  end  of  the  clavicle  is  displaced  above 
the  acromion  of  the  scapula.  The  displacement  is  often  incomplete,  on  account  of  the  strong 
coracoclavicular  ligaments,  which  remain  untom.  The  same  difficulty  exists,  as  in  the  sterno- 
clavicular dislocation,  in  maintaining  the  ends  of  the  bone  in  position  after  reduction. 


THE  UGAMENTS  OF  THE  SCAPX7LA. 

The  ligaments  of  the  scapula  (Fig.  449)  are: 

Coracoaeromial,  Superior,  and  Inferior  Transverse. 

The  Coracoaeromial  Ligament  {ligamentum  coracoacromiale) . — This  ligament  is  a 
strong  triangular  band,  extending  between  the  coraeoid  process  and  the  acromion. 
It  is  attached,  by  its  apex,  to  the  summit  of  the  acromion  just  in  front  of  the 
articular  surface  for  the  clavicle;  and  by  its  broad  base  to  the  whole  length  of  the 
lateral  border  of  the  coraeoid  process.  This  ligament,  together  with  the  coraeoid 
process  and  the  acromion,  forms  a  vault  for  the  protection  of  the  head  of  the 
humerus.  It  is  in  relation,  above,  with  the  clavicle  and  under  surface  of  the  Del- 
toideus; below,  with  the  tendon  of  the  Supraspinatus,  a  bursa  being  interposed. 
Its  lateral  border  is  continuous  with  a  dense  lamina  that  passes  beneath  the  Del- 
toideus upon  the  tendons  of  the  Supraspinatus  and  Infraspinatus.  The  ligament 
is  sometimes  described  as  consisting  of  two  marginal  bands  and  a  thinner  inter- 
vening portion,  the  two  bands  being  attached  respectively  to  the  apex  and  the 
base  of  the  coraeoid  process,  and  joining  together  at  the  acromion.  When  the 
Pectoralis  minor  is  inserted,  as  occasionally  is  the  case,  into  the  capsule  of  the 
shoulder-joint  instead  of  into  the  coraeoid  process,  it  passes  between  these  two 
bands,  and  the  intervening  portion  of  the  ligament  is  then  deficient. 

The  Superior  Transverse  Ligament  (ligamentum  transversum  scapulae  superiu^; 
iranmrse  or  suprascapular  ligament), — This  ligament  converts  the  scapular  notch 
iDto  a  foramen.  It  is  a  thin  and  flat  fasciculus,  narrower  at  the  middle  than  at  the 
extremities,  attached  by  one  end  to  the  base  of  the  coraeoid  process,  and  by  the 
other  to  the  medial  end  of  the  scapular  notch.  The  suprascapular  nerve  runs 
through  the  foramen;  the  transverse  scapular  vessels  cross  over  the  ligament. 
The  ligament  is  sometimes  ossified. 

The  Inferior  Transverse  Ligament   (ligamentum  transversum  scapulae  inferius; 
^pinogknoid  ligament). — ^This  ligament  is  a  weak  membranous  band,  situated 
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behind  the  neck  of  the  scapula  and  stretching  from  the  lateral  border  of  the  spine 
to  the  margin  of  the  glenoid  cavity.  It  forms  an  arch  under  which  the  transverse 
scapular  vessels  and  suprascapular  nerve  enter  the  infraspinatous  fossa. 

m.   Humeral  Articulation  oi  Shonlder-joint  (Articulatio  Humeri)  (Fig.  449). 

The  shoulder-joint  is  an  enarthrodial  or  ball-and-socket  joint.  The  bones 
entering  into  its  formation  are  the  hemispherical  head  of  the  humerus  and  the 
shallow  glenoid  cavity  of  the  scapula,  an  arrangement  which  permits  of  ^verj' 
considerable  movement,  while  the  joint  itself  is  protected  against  displacement 
by  the  tendons  which  surround  it.  The  ligaments  do  not  maintain  the  joint  sur- 
faces in  apposition,  because  when  they  alone  remain  the  humerus  can  be  separated 
to  a  considerable  extent  from  the  glenoid  cavity;  their  use,  therefore,  is  to  limit 
Superior  trantierse  iigamenl 


TransvtiK 
ligament 

ProiongiUioa  of 
synovial  mtm- 
braiu  on  (endoa 
of  Bictpt  brachii 


the  amount  of  movement.  The  joint  is  protected  abo\e  by  an  arch,  formed  by 
the  coracoid  process,  the  acromion,  and  the  coracoacromial  ligament.  The  artic- 
ular cartilage  on  the  head  of  the  humerus  is  thicker  at  the  centre  than  at  the  cir- 
cumference, the  reverse  being  the  case  with  the  articular  cartilage  of  the  glenoid 
cavity.    The  ligaments  of  the  shoulder  are: 

The  Articular  Capsule.  The  Glenohumeral. 

The  Coracohumeral.  The  Transverse  Humeral. 

The  Glenoidal  Labrum.' 

The  Articalai  Capsule  {capsula  arlicularis;  caj.sular  ligameni)  (Fig.  450). — The 

articular  capsule  completely  encircles  the  joint,  being  attached,  above,  to  the 

circumference  of  the  glenoid  cavitj'  beyond  the  glenoidal  labrum;  below,  to  the 

anatomical  neck  of   the  humerus,  approaching  nearer  to  the  articular  cartilage 

above  than  in  the  re^t  of  its  extent.    It  is  thicker  above  and  below  than  elsewhere, 
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and  is  so  remarkably  loose  and  lax,  that  it  has  no  action  in  keeping  the  bones  in 
contact,  but  allows  them  to  be  separated  from  each  other  more  than  2.5  cm.,  an 
e\ident  provision  for  that  extreme  freedom  of  movement  which  is  peculiar  to  this 
articulation.  It  is  strengthened,  above,  by  the  Supraspinatus;  behw,  by  the  long 
head  of  the  Triceps  brachii;  behind,  by  the  tendons  of  the  Infraspinatus  and  Teres 
minor;  and  in  front,  by  the  tendon  of  the  Subscapularis.  There  are  usually  three 
openings  in  the  capsule.  One  anteriorly,  below  the  coracoid  process,  establishes 
a  communication  between  the  joint  and  a  bursa  beneath  the  tendon  of  the  Sub- 
scapularis. The  second,  which  is  not  constant,  is  at  the  posterior  part,  where  an 
opening  sometimes  exists  between  the  joint  and  a  bursal  sac  under  the  tendon 
of  the  Infraspinatus.  The  third  is  between  the  tubercles  of  the  humerus,  for  the 
passage  of  the  long  tendon  of  the  Biceps  brachii. 

The  Goracohumeral  Ligament  (ligamentum  coracohumerale). — This  ligament  is 
a  broad  band  which  strengthens  the  upper  part  of  the  capsule.  It  arises  from 
the  lateral  border  of  the  coracoid  process,  and  passes  obliquely  downward  and 
lateralward  to  the  front  of  the  greater  tubercle  of  the  humerus,  blending  with  the 
tendon  of  the  Supraspinatus.  This  ligament  is  intimately  united  to  the  capsule 
by  its  hinder  and  lower  border;  but  its  anterior  and  upper  border  presents  a  free 
edge,  which  overlaps  the  capsule. 

Glenohnmeral  Ligaments. — In  addition  to  the  coracohumeral  ligament,  three 
supplemental  bands,  which  are  named  the  glenohnmeral  ligaments,  strengthen 
the  capsule.  These  may  be  best  seen  by  opening  the  capsule  at  the  back  of  the 
joint  and  removing  the  head  of  the  humerus.  One  on  the  medial  side  of  the  joint 
passes  from  the  medial  edge  of  the  glenoid  cavity  to  the  lower  part  of  the  lesser 
tubercle  of  the  humerus.  A  second  at  the  lower  part  of  the  joint  extends  from 
the  under  edge  of  the  glenoid  cavity  to  the  under  part  of  the  anatomical  neck  of 
the  humerus.  A  third  at  the  upper  part  of  the  joint  is  fixed  above  to  the  apex 
of  the  glenoid  cavity  close  to  the  root  of  the  coracoid  process,  and  passing  down- 
ward along  the  medial  edge  of  the  tendon  of  the  Biceps  brachii,  is  attached  below 
to  a  small  depression  above  the  lesser  tubercle  of  the  humerus.  In  addition  to 
these,  the  capsule  is  strengthened  in  front  by  two  bands  derived  from  the  tendons 
of  the  Pectoralis  major  and  Teres  major  respectively. 

The  Transverse  Humeral  Ligament  (Fig.  450)  is  a  broad  band  passing  from  the 
lesser  to  the  greater  tubercle  of  the  humerus,  and  always  limited  to  that  portion 
of  the  bone  which  lies  above  the  epiphysial  line.  It  converts  the  intertubercular 
groove  into  a  canal,  and  is  the  homologue  of  the  strong  process  of  bone  which 
connects  the  summits  of  the  two  tubercles  in  the  musk  ox. 

The  Glenoidal  Labrum  (labrium  glenoidale:  glenoid  ligament)  is  a  fibrocartilaginous 
rim  attached  around  the  margin  of  the  glenoid  cavity.  It  is  triangular  on  section, 
the  base  being  fixed  to  the  circumference  of  the  cavity,  while  the  free  edge  is  thin 
and  sharp.  It  is  continuous  above  with  the  tendon  of  the  long  head  of  the  Biceps 
brachii,  which  gives  off  two  fasciculi  to  blend  with  the  fibrous  tissue  of  the  labrum. 
It  deepens  the  articular  cavity,  and  protects  the  edges  of  the  bone. 

Synovial  Membrane. — The  synovial  membrane  is  reflected  from  the  margin  of  the  glenoid 
cavity  over  the  labrum;  it  is  then  reflected  over  the  inner  surface  of  the  capsule,  and  covers 
the  lower  part  and  sides  of  the  anatomical  neck  of  the  humerus  as  far  as  the  articular  cartilage 
OD  the  head  of  the  bone.  The  tendon  of  the  long  head  of  the  Biceps  brachii  passes  through  the 
capsule  and  is  enclosed  in  a  tubular  sheath  of  synovial  membrane,  which  is  reflected  upon  it 
from  the  summit  of  the  glenoid  cavity  and  is  continued  around  the  tendon  into  the  intertubercular 
groove  as  far  as  the  surgical  neck  of  the  humerus  (Fig.  450).  The  tendon  thus  traverses  the  articu- 
lation, but  it  is  not  contained  within  the  s3aiovial  cavity. 

BnrSB. — ^The  bursse  in  the  neighborhood  of  the  shoulder-joint  are  the  following:  (1)  A  constant 
bursa  is  situated  between  the  tendon  of  the  Subscapularis  muscle  and  the  capsule;  it  communi- 
cates with  the  synovial  cavity  through  an  opening  in  the  front  of  the  capsule;  (2)  a  bursa  which 
occasionally  communicates  with  the  joint  is  sometimes  found  between  the  tendon  of  the  Infra- 
spinatus and  the  capsule;  (3)  a  large  bursa  exists  between  the  under  surface  of  the  Deltoideus 
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and  the  capsule,  but  does  not  communicate  with  the  joint;  this  bursa  is  prolonged  under  the 
acromion  and  coracoacromial  ligament,  and  intervenes  between  these  structures  and  the  capsiile; 
(4)  a  large  bursa  is  situated  on  the  sunmiit  of  the  acromion;  (5)  a  bursa  is  frequently  found 
between  the  coracoid  process  and  the  capsule;  (6)  a  bursa  exists  beneath  the  Coracobrachialis; 
(7)  one  lies  between  the  Teres  major  and  the  long  head  of  the  Triceps  brachii;  (8)  one  is  placed 
in  front  of,  and  another  behind,  the  tendon  of  the  Latissimus  dorsi. 

The  muscles  in  relation  with  the  joint  are,  ahovey  the  Supraspinatus;  hehWf  the  long  head  of 
the  Triceps  brachii;  in  front ,  the  Subscapularis;  behind^  the  Infraspinatus  and  Teres  minor;  withiny 
the  tendon  of  the  long  head  of  the  Biceps  brachii.  The  Deltoideus  covers  the  articulation  in 
front,  behind,  and  laterally. 

The  arteries  supplying  the  joint  are  articular  branches  of  the  anterior  and  posterior  humeral 
circumflex,  and  transverse  scapular. 

The  neryes  are  derived  from  the  axillary  and  suprascapular. 

Movements. — ^The  shoulder- joint  is  capable  of  every  variety  of  movement,  flexion,  extension, 
abduction,  adduction,  circumduction,  and  rotation.  The  humerus  is  flexed  (drawn  forward) 
by  the  Pectoralis  major,  anterior  fibres  of  the  Deltoideus,  Coracobrachialis,  and  when  the  fore- 
arm is  flexed,  by,  the  Biceps  brachii;  extended  (drawn  backward)  by  the  Latissimus  dorsi,  Teres 
major,  posterior  fibres  of  the  Deltoideus,  and,  when  the  forearm  is  extended,  by  the  Triceps 
brachii;  it  is  abducted  by  the  Deltoideus  and  Supraspinatus;  it  is  adducted  by  the  Subscapularis, 
Pectoralis  major,  Latissimus  dorsi,  and  Teres  major,  and  by  the  weight  of  the  limb;  it  is  rotate 
outward  by  the  Infraspinatus  and  Teres  minor;  and  it  is  rotated  inward  by  the  Subscapularis, 
Latissimus  dorsi,  Teres  major,  Pectoralis  major,  and  the  anterior  fibres  of  the  Deltoideus. 

The  most  striking  peculiarities  in  this  joint  are:  (1)  The  large  size  of  the  head  of  the  humerus 
in  comparison  with  the  depth  of  the  glenoid  cavity,  even  when  this  latter  is  supplemented  by  the 
glenoidal  labrum.  (2)  The  looseness  of  the  capsule  of  the  joint.  (3)  The  intimate  connection  of 
the  capsule  with  the  muscles  attached  to  the  head  of  the  humerus.  (4)  The  peculiar  relation  of 
the  tendon  of  the  long  head  of  the  Biceps  brachii  to  the  joint. 

It  is  in  consequence  of  the  relative  sizes  of  the  two  articular  surfaces,  and  the  looseness  of 
the  articular  capsule,  that  the  joint  enjoys  such  free  movement  in  all  directions.  When  these 
movements  of  the  arm  are  arrested  in  the  shoulder-joint  by  the  contact  of  the  bony  surfaces, 
and  by  the  tension  of  the  fibres  of  the  capsule,  together  with  that  of  the  muscles  acting  as  accessory 
ligaments,  the  arm  can  be  carried  considerably  farther  by  the  movements  of  the  scapula,  involv- 
ing, of  course,  motion  at  the  acromio-  and  sternoclavicular  joints.  These  joints  are  therefore 
to  be  regarded  as  accessory  structures  to  the  shoulder-joint  (see  pages  411  and  413).  The  ext^it 
of  the  scapular  movements  is  very  considerable,  especially  in  extreme  elevation  of  the  arm^  a 
movement  best  accomplished  when  the  arm  is  thrown  somewhat  forward  and  outward,  because 
the  margin  of  the  head  of  the  humerus  is  by  no  means  a  true  circle;  its  greatest  diameter  is  from 
the  intertubercular  groove,  downward,  medialward,  and  backward,  and  the  greatest  elevation 
of  the  arm  can  be  obtained  by  rolling  its  articular  surface  in  the  direction  of  this  measurement. 
The  great  width  of  the  central  portion  of  the  humeral  head  also  allows  of  very  free  horizontal 
movement  when  the  arm  is  raised  to  a  right  angle,  in  which  movement  the  arch  formed  by  the 
acromion,  the  coracoid  process  and  the  coracoacromial  ligament,  constitutes  a  sort  of  supple- 
mental articular  cavity- for  the  head  of  the  bone. 

The  looseness  of  the  capsule  is  so  great  that  the  arm  will  fall  about  2.5  cm.  from  the  scapula 
when  the  muscles  are  dissected  from  the  capsule,  and  an  opening  made  in  it  to  counteract  the 
atmospheric  pressure.  The  movements  of  the  joint,  therefore,  are  not  regulated  by  the  capsult 
so  much  as  by  the  surroimding  muscles  and  by  the  pressure  of  the  atmosphere,  an  arrangemene 
which  "renders  the  movements  of  the  joint  much  more  easy  than  they  would  otherwise  have 
been,  and  permits  a  swinging,  pendulum-like  vibration  of  the  limb  when  the  muscles  are  at  rest" 
(Humphry).  The  fact,  also,  that  in  all  ordinary  positions  of  the  joint  the  capsule  is  not  put  on 
the  stretch,  enables  the  arm  to  move  freely  in  all  directions.  Extreme  movements  are  checked 
by  the  tension  of  appropriate  portions  of  the  capsule,  as  well  as  by  the  interlocking  of  the  bones. 
Thus  it  is  said  that  "abduction  is  checked  by  the  contact  of  the  great  tuberosity  with  the  upper 
edge  of  the  glenoid  cavity;  adduction  by  the  tension  of  the  coracohumeral  ligament"  (Beaunis 
et  Bouchard).  Cleland^  maintains  that  the  limitations  of  movement  at  the  shoulder-joint  are 
due  to  the  structure  of  the  joint  itself,  the  glenoidal  labrum  fitting,  in  different  positions  of  thq 
elevated  arm,  into  the  anatomical  neck  of  the  humerus. 

The  scapula  is  capable  of  being  moved  upward  and  downward,  forward  and  backward,  or,  by 
a  combination  of  these  movements,  circimiducted  on  the  wall  of  the  chest.  The  muscles  which 
raise  the  scapula  are  the  upper  fibres  of  the  Trapezius,  the  Levator  scapulae,  and  the  Rhomboidei ; 
those  which  depress  it  are  the  lower  fibres  of  the  Trapezius,  the  Pectoralis  minor,  and,  through 
the  clavicle,  the  Subclavius.  The  scapula  is  drawn  backward  by  the  Rhomboidei  and  the  middle 
and  lower  fibres  of  the  Trapezius,  and  forward  by  the  Serratus  anterior  and  Pectoralis  minor, 
assisted,  when  the  arm  is  fixed,  by  the  Pectoralis  major.    The  mobility  of  the  scapula  is  very 

*  Journal  of  ADatomy  and  Physiology,  1867,  i,  85. 
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considerable,  and  greatly  assists  the  movements  of  the  arm  at  the  shoulder-joint.    Thus,  in 

raising  the  arm  from  the  side,  the  Deltoideus  and  Supraspinatus  can  only  lift  it  to  a  right  angle 

with  the  trunk,  the  further  elevation  of  the  limb  being  effected  by  the  Trapezius  and  Serratus 

anterior  moving  the  scapula  on  the  wall  of  the  chest.    This  mobility  is  of  special  importance  in 

ankylosis  of  the  shoulder-joint,  the  movements  of  this  bone  compensating  to  a  veiy  great  extent 

for  the  immobility  of  the  joint. 

Cathcart*  has  pointed  out  that  in  abducting  the  arm  and  raising  it  above  the  head,  the  scapula 
rotates  throughout  the  whole  movement  with  the  exception  of  a  short  space  at  the  beginning 
and  at  the  end;  that  the  humerus  moves  on  the  scapula  not  only  while  passing  from  the  hanging 
to  the  horizontal  position,  but  also  in  travelling  upward  as  it  approaches  the  vertical  above; 
that  the  clavicle  moves  not  only  dming  the  second  half  of  the  movement  but  in  the  first  as  well, 
though  to  a  less  extent — i.  e.,  the  scapula  and  clavicle  are  concerned  in  the  first  stage  as  well 
as  in  the  second;  and  that  the  humerus  is  partly  involved  in  the  second  as  well  as  chiefly  in  the 
first. 

The  intimate  union  of  the  tendons  of  the  Supraspinatus,  Infraspinatus,  Teres  minor  and 
Subecapularis  with  the  capsule,  converts  these  muscles  into  elastic  and  spontaneously  acting 
ligaments  of  the  joint. 

The  peculiar  relations  of  the  tendon  of  the  long  head  of  the  Biceps  brachii  to  the  shoulder- 
joint  appear  to  subserve  various  purposes.    In  the  first  place,  by  its  connection  with  both  the 
shoulder  and  elbow  the  muscle  harmonizes  the  action  of  the  two  joints,  and  acts  as  an  elastic 
liffUDcnt  in  all  positions,  in  the  manner  previously  discussed  (see  page  383).    It  strengthens  the 
upper  part  of  the  articular  cavity,  and  prevents  the  head  of  the  humerus  from  being  pressed  up 
against  the  acromion,  when  the  Deltoideus  contracts;  it  thus  fixes  the  head  of  the  humerus  as 
the  centre  of  motion  in  the  glenoid  cavity.    By  its  passage  along  the  intertubercular  groove  it 
assists  in  steadying  the  head  of  the  humerus  in  the  various  movements  of  the  arm.    When  the 
arm  is  raised  from  the  side  it  assists  the  Supraspinatus  and  Infraspinatus  in  rotating  the  head 
of  the  humerus  in  the  glenoid  cavity.    It  also  holds  the  head  of  the  bone  firmly  in  contact  with 
the  glenoid  cavity,  and  prevents  its  slipping  over  its  lower  edge,  or  being  displaced  by  the  action 
of  the  Latissimus  dorsi  and  Pectoralis  major,  as  in  climbing  and  many  other  movements. 

Applied  Axiatomy. — Owing  to  the  construction  of  the  shoulder-joint  and  the  freedom  of  move- 
ment which  it  enjoys,  as  well  as  in  consequence  of  its  exposed  situation,  it  is  more  frequently 
dislocated  than  any  other  joint.  Dislocation  occurs  when  the  arm  is  abducted,  and  when,  there- 
fore, the  head  of  the  humerus  presses  against  the  lower  and  front  part  of  the  capsule,  which  is  the 
thinnest  and  least  supported  part  of  the  hgament.  The  rent  in  the  capsule  almost  invariably 
takes  place  in  this  situation,  and  through  it  the  head  of  the  bone  escapes,  so  that  the  dislocation 
in  most  instances  is  primarily  subglenoid.  The  head  of  the  bone  does  not  usually  remain  in  this 
situation,  between  the  tendons  of  the  Subscapularis  and  the  Triceps  brachii,  but  generally  assimies 
some  other  position,  which  varies  according  to  the  direction  and  amount  of  force  producing  the 
dislocation  and  the  relative  strength  of  the  muscles  in  front  of  and  behind  the  joint.  As  the 
muscles  at  the  back  are  stronger  than  those  in  front,  and  especially  since  the  long  head  of  the 
Triceps  brachii  prevents  the  bone  from  passing  backward,  dislocation  forward  is  much  the  more 
common.  The  most  frequent  position  which  the  head  of  the  humerus  ultimately  assumes  is  on 
the  front  of  the  neck  of  the  scapula,  beneath  the  coracoid  process,  and  hence  named  subcoracoid. 
OceasionaUy,  in  consequence  of  a  greater  amount  of  force  being  brought  to  bear  on  the  limb, 
the  head  is  driven  farther  medialward,  and  rests  on  the  upper  part  of  the  front  of  the  chest,  be- 
neath the  clavicle  (subclavicular).  Sometimes  it  remains  in  the  position  in  which  it  was  primarily 
displaced,  resting  on  the  axillary  border  of  the  scapula  (subglenoid),  and  rarely  it  passes  back- 
ward and  remains  in  the  infraspinatous  fossa,  beneath  the  spine  (subspinous). 

The  shoulder-joint  may  be  the  seat  of  any  of  those  inflammatory  affections,  either  acute  or 
chronic,  which  attack  joints,  though  perhaps  less  frequently  than  some  other  articulations  of 
equal  size  and  importance.    Acute  synovitis  may  result  from  injury,  rheumatism,  or  pyemia, 
or  may  follow  secondarily  on  acute  epiphysitis  in  infants.    It  is  attended  with  effusion  into  the 
joint,  and  when  this  occurs  the  capsule  is  evenly  distended,  and  the  contour  of  the  joint  rounded. 
Special  projections  may  occur  at  the  sites  of  the  openings  in  the  capsule.    Thus  a  swelling  may 
appear  just  medial  to  the  lesser  tubercle,  from  effusion  into  the  bursa  beneath  the  Subscapularis; 
or,  again,  a  swelling  which  is  sometimes  bilobed  may  be  seen  in  the  interval  between  the  Deltoideus 
sad  Pectoralis  major,  from  effusion  into  the  diverticulum  which  runs  down  the  intertubercular 
groove  with  the  tendon  of  the  Biceps  brachii.    The  effusion  into  the  joint  cavity  can  be  best 
ascfftained  by  examination  from  the  axilla,  where  a  soft,  elastic,  fluctuating  swelling  can  usually 
be  felt.    In  cases  of  septic  synovitis,  where  incision  is  required,  the  opening  should  be  made  in 
front,  over  the  most  prominent  point  of  the  swelling.    After  the  pus  has  been  evacuated  a  counter- 
opening  should  be  made  behind,  so  as  to  ensure  efficient  drainage. 

Tuberculous  arthritis  not  infrequently  attacks  the  shoulder-joint,  and  may  lead  to  total  destruc- 
tion of  the  articxilation,  when  ankylosis  may  result,  or  long-protracted  suppuration  may  necessitate 

*  Journal  of  Anatomy  and  Physiology,  1884,  vol.  xviii. 
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excision.  This  joint  is  sJso  one  of  those  which  is  most  liable  to  be  the  seat  of  osteoarthritis,  and 
may  also  be  affected  in  gout  and  rheumatism;  or  in  locomotor  ataxia,  when  it  becomes  the  seat 
of  Charcot's  disease. 

Ankylosis  is  occasionally  met  with  in  the  shoulder-joint  as  the  result  of  destructive  changes. 
The  ankylosis  usually  takes  place  with  the  arm  in  a  dependent  position,  and  any  attempt  to 
raise  the  arm  is  attended  by  a  rotation  of  the  scapula  on  the  wall  of  the  chest. 

Excision  of  the  shoulder-joint  may  be  required  in  cases  of  arthritis  (especially  the  tuberculous 
form)  which  have  gone  on  to  destruction  of  the  articulation;  in  compound  dislocations  and  frac- 
tures, particularly  those  arising  from  gunshot  injuries,  in  which  there  has  been  extensive  injury 
to  the  head  of  the  bone;  in  some  cases  of  old  unreduced  dislocation,  where  there  is  much  pain. 
The  operation  id  best  performed  by  making  an  incision  from  the  middle  of  the  coracoacromial 
ligament  down  the  arm  for  about  7  or  8  cm.;  this  will  expose  the  intertubercular  groove  contain- 
ing the  tendon  of  the  Biceps  brachii,  which  should  be  hooked  out  of  the  way.  The  capsule  is 
freely  opened,  and  the  muscles  attached  to  the  greater  and  lesser  tubercles  of  the  humerus  are 
stripped  off  with  the  capsule,  without  dividing  their  attachments  to  the  latter.  The  head  of 
the  bone  can  then  be  thrust  out  of  the  wound  and  sawn  off;  or  divided  with  a  narrow  saw  in  situ 
and  subsequ^itly  removed.  The  section  should  be  made,  if  possible,  just  below  the  articular 
surface,  so  as  to  leave  the  bone  as  long  as  possible. 

IV.    Elbow-joint  (Articulatio  Cubiti)  (Figs.  451,  452). 

The  elbow-joint  is  a  ginglymus  or  hinge-joint.  The  trochlea  of  the  humerus  is 
received  into  the  semilunar  notch  of  the  ulna,  and  the  capitulum  of  the  humerus 
articulates  with  the  fovea  on  the  head  of  the  radius.  The  articular  surfaces  are 
connected  together  by  a  capsule,  which  is  thickened  medially  and  laterally,  and, 
to  a  less  extent,  in  front  and  behind.  These  thickened  portions  are  usually  described 
as  distinct  ligaments  under  the  following  names: 

The  Anterior.  The  Ulnar  Collateral. 

The  Posterior.  The  Radial  Collateral. 

The  Anterior  Ligament  (Fig.  451). — ^The  anterior  ligament  is  a  broad  and  thin 
fibrous  layer  covering  the  anterior  surface  of  the  joint.  It  is  attached  to  the  front 
of  the  medial  epicondyle  and  to  the  front  of  the  humerus  immediately  above  the 
coronoid  and  radial  fossee;  below y  to  the  anterior  surface  of  the  coronoid  process 
of  the  ulna  and  to  the  annular  ligament  (page  422),  being  continuous  on  either 
side  with  the  collateral  ligaments.  Its  superficial  fibres  pass  obliquely  from  the 
medial  epicondyle  of  the  humerus  to  the  annular  ligament.  The  middle  fibres, 
vertical  in  direction,  pass  from  the  upper  part  of  the  coronoid  depression  and 
become  partly  blended  with  the  preceding,  but  are  inserted  mainly  into  the  anterior 
surface  of  the  coronoid  process.  The  deep  or  transverse  set  intersects  these  at 
right  angles.  This  ligament  is  in  relation,  in  front,  with  the  Brachialis,  except 
at  its  most  lateral  part. 

The  Posterior  Ligament  (Fig.  452). — ^This  posterior  ligament  is  thin  and  mem- 
branous, and  consists  of  transverse  and  oblique  fibres.  Above,  it  is  attached  to 
the  humerus  inamediately  behind  the  capitulum  and  close  to  the  medial  margin 
of  the  trochlea,  to  the  margins  of  the  olecranon  fossa,  and  to  the  back  of  the  lateral 
epicondyle  some  little  distance  from  the  trochlea.  Below,  it  is  fixed  to  the  upper 
and  lateral  margins  of  the  olecranon,  to  the  posterior  part  of  the  annular  ligament, 
and  to  the  ulna  behind  the  radial  notch.  The  transverse  fibres  form  a  strong  band 
which  bridges  across  the  olecranon  fossa;  under  cover  of  this  band  a  pouch  of 
synovial  membrane  and  a  pad  of  fat  project  into  the  upper  part  of  the  fossa  when 
the  joint  is  extended.  In  the  fat  are  a  few  scattered  fibrous  bundles,  which  pass 
from  the  deep  surface  of  the  transverse  band  to  the  upper  part  of  the  fossa.  This 
ligament  is  in  relation,  behind,  with  the  tendon  of  the  Triceps  brachii  and  the 
Anconaeus. 

The  XTlnar  Collateral  Ligament  (ligamentum  coUaterale  ulnare;  internal  lateral 
ligament)  (Fig.  451). — This  ligament  is  a  thick  triangular  band  consisting  of  two 
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portions,  an  anterior  and  posterior  united  by  a  thinner  intermediate  portion.  The 
ULterior  portion,  directed  obliquely  forward,  is  attached,  above,  bj-  its  apex,  to  the 
front  part  of  the  medial  epicondyle  of  the  humerus;  and,  below,  by  its  broad  base 
to  the  medial  margin  of  the  coronoid  process.  The  posterior  portion,  also  of  trian- 
gular form,  is  attached,  above,  by  its  apex,  to  the  lower  and  back  part  of  the  medial 
epicondyle;  below,  to  the  medial  margin  of  the  olecranon.  Between  these  two 
bands  a  few  intermediate  fibres  descend  from  the  medial  epicondyle  to  blend  with 
a  transverse  band  which  bridges  across  the  notch  between  the  olecranon  and  the 
coronoid  process.  This  ligament  is  in  relation  with  the  Triceps  brachii  and  Flexor 
carpi  ulnaris  and  the  ulnar  nerve,  and  gives  origin  to  part  of  the  Flexor  digitorum 
subltmis. 


FiQ.  451, — Lfll  dbow-joint.  ibowlog  anierior  wid 

The  Radial  CollateTBl  Ligamont  (ligamentum  collaterals  radiate;  external  lateral 
ligauutnt)  (Fig.  452). — This  ligament  is  a  short  and  narrow  fibrous  band,  less  dis- 
tinct than  the  ulnar  collateral,  attached,  above,  to  a  depression  below  the  lateral 
epicondyle  of  the  humerus;  below,  to  the  annular  ligament,  some  of  its  most  pos- 
terior fibres  passing  over  that  ligament,  to  be  inserted  into  the  lateral  margin  of 
the  ulna.   It  is  intimately  blended  with  the  tendon  of  origin  of  the  Supinator. 

Sriunial  Hembruie  (Figs.  453,  454). — The  s3rnovial  membrane  ia  very  extensive.  It  extends 
from  the  n&tnia  of  the  articular  surface  of  tlie  humerus,  and  lines  the  coronoid,  radial  and  olec- 
ranon foesa  on  that  bone;  it  is  reflected  over  the  deep  surface  of  the  capsule  and  forms  a  pouch 
between  tbe  radial  notch,  the  deep  surface  of  the  annular  ligament,  and  the  circumference  of  the 
head  of  the  radius.   Projecting  between  the  radius  and  ulna  into  the  cavity  is  a  creecentic  fold  of 
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eynovial  membrane,  suggesting  tbe  division  of  the  joint  into  two;  one  the  humeroradial,  the 
other  the  humeroulnar. 

Between  the  capsule  and  the  synovial  membrane  »re  three  masses  of  fat:  the  largest,  over 

the  olecTHinon  fossa,  is  pressed  into  the  fossa  by  the  Triceps  brachii  during  the  8exion;  the  second, 
over  the  coronoid  fossa,  and  the  third,  over  the  radial  fossa,  are  pressed  by  the  Brachialifl  into 
their  respective  fossie  during  extension. 

The  moBclaB  in  relation  with  the  joint  are,  in  front,  the  Brachialis;  behitui,  the  Triceps  brachii 
and  Anconaeu3;ia(era(itf,  the  Supinator,  and  the  common  tendon  of  origin  of  the  Extensor  muscles; 
medially,  the  common  tendon  of  origin  of  the  Flexor  muscles,  and  the  Flexor  carpi  ulnaris. 

The  ui«riB<  supplying  the  joint  are  derived  from  the  anaatomosis  between  the  profunda  and 
the  superior  and  inferior  ulnar  collateral  branches  of  the  brachial,  with  the  anterior,  posterior, 
and  interosseous  recurrent  branches  of  the  ulnar,  and  the  recurrent  branch  of  the  radial.  Theise 
vesseb  form  a  complete  anastomotic  network  around  the  joint. 


Fid.  4S3.— CapsuJe  of  elbuw-joinc  (diiteodedj.  Fia.  IM.^-CbhiLs  of  albvir-jciiat  (diatsndsd) . 

AnWrior  aspect,  Ponlerior  mapect. 

The  nerru  of  the  joint  are  a  twig  from  the  ulnar,  as  it  passes  between  the  medial  condyle  and 
the  olecranon;  a  filament  from  the  musculocutaneous,  and  two  from  the  median. 

Hovomsnta. — The  eibow-joint  comprises  three  difTerent  portions — vi«.,  the  joint  between 
the  ulna  and  humerus,  that  between  the  head  of  the  radius  and  the  himierus,  and  the  proximal 
radioulnar  articulation,  described  below.  All  these  articular  surfaces  are  enveloped  by  a  common 
synovial  membrane,  and  the  movements  of  the  whole  joint  should  be  studied  together.  The  com- 
bination of  the  movements  of  flexion  and  extension  of  the  forearm  with  those  of  pronation  aod 
supination  of  the  hand,  which  is  ensured  by  the  two  being  performed  at  the  same  joint,  is  essential 
to  the  accuracy  of  the  various  minute  movements  of  the  hand. 

The  portion  of  the  joint  between  the  ulna  and  humerus  is  a  simple  hinRC-joint,  and  allows  of 
movements  of  flexion  and  extension  only.  Owing  to  the  obliquity  of  the  trochlea  of  the  humerus, 
this  movecnent  does  not  take  place  in  the  antero-poslerior  plane  of  the  body  of  the  humerus. 
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When  the  forearm  is  extended  and  supinated,  the  axes  of  the  arm  and  forearm  are  not  in  the  same 
line;  the  arm  forms  an  obtuse  angle  with  the  forearm,  the  hand  and  forearm  being  directed  lateral- 
ward.  During  flexion,  however,  the  forearm  and  the  hand  tend  to  approach  the  middle  line  of 
the  body,  and  thus  enable  the  hand  to  be  easily  carried  to  the  face.  The  accurate  adaptation 
of  the  trochlea  of  the  humerus,  with  its  prominences  and  depressions,  to  the  semilunar  notch  of 
the  uhia,  prevents  any  lateral  movement.  Flexion  is  produced  by  the  action  of  the  Biceps  brachii 
and  Bracliialis,  assisted  by  the  Brachioradialis  and  the  muscles  arising  from  the  medial  condyle 
of  the  humerus;  extenBton^  by  the  Triceps  brachii  and  Anconaeus,  assisted  by  the  Extensors  of 
the  wrifity  the  Extensor  digitonmi  conmiimis,  and  the  Extensor  digiti  quinti  proprius. 

The  joint  between  the  head  of  the  radius  and  the  capitulimi  of  the  humerus  is  an  arthrodial 
joint.  The  bony  surfaces  would  of  themselves  constitute  an  enarthrosis  and  allow  of  movement 
in  all  directions,  were  it  not  for  the  annular  ligament,  by  which  the  head  of  the  radius  is  boimd 
to  the  radial  notch  of  the  ulna,  and  which  prevents  any  separation  of  the  two  bones  laterally. 
It  is  to  the  same  ligament  that  the  head  of  the  radius  owes  its  security  from  dislocation,  which 
would  otherwise  tend  to  occur,  from  the  shallowness  of  the  cup-like  surface  on  the  head  of  the 
radius.  In  fact,  but  for  this  ligament,  the  tendon  of  the  Biceps  brachii  would  be  liable  to  pull 
the  head  of  the  radius  out  of  the  joint.  The  head  of  the  radius  is  not  in  complete  contact  with 
the  capitulimi  of  the  humerus  in  all  positions  of  the  joint.  The  capitulum  occupies  only  the 
anterior  and  inferior  surfaces  of  the  lower  end  of  the  humerus,  so  that  in  complete  extension  a 
part  of  the  radial  head  can  be  plainly  felt  projecting  at  the  back  of  the  articulation.  In  full 
flexion  the  movement  of  the  radial  head  is  hampered  by  the  compression  of  the  surrounding  soft 
parts,  80  that  the  freest  rotatory  movement  of  the  radius  on  the  humerus  (pronation  and  supina- 
tion) takes  place  in  semiflexion,  in  which  position  the  two  articular  surfaces  are  in  most  intimate 
contact.  Flexion  and  extension  of  the  elbow-joint  are  limited  by  the  tension  of  the  structures 
on  the  front  and  back  of  the  joint;  the  limitation 'of  flexion  is  also  aided  by  the  soft  structures  of 
the  arm  and  forearm  coming  into  contact. 

In  any  position  of  flexion  or  extension,  the  radius,  carrying  the  hand  with  it,  can  be  rotated  in 
the  proximal  radioulnar  joint.  The  hand  is  directly  articulated  to  the  lower  surface  of  the  radius 
only,  and  the  ulnar  notch  on  the  lower  end  of  the  radius  travels  around  the  lower  end  of  the  ulna. 
The  latter  bone  is  excluded  from  the  wrist-joint  by  the  articular  disk.  Thus,  rotation  of  the  head 
of  the  radius  around  an  axis  passing  through  the  centre  of  the  radial  head  of  the  humertis  imparts 
circular  movement  to  the  hand  through  a  very  considerable  arc. 

Applied  Anatomy. — From  the  great  breadth  of  the  joint,  and  the  maimer  in  which  the  articular 
surfaces  are  interlocked,  and  also  on  accoimt  of  the  strong  collateral  ligaments  and  the  support 
which  the  joint  derives  from  the  mass  of  muscles  attached  to  each  epicondyle  of  the  humerus, 
lateral  displacement  of  the  bones  is  very  imcommon;  whereas  antero-posterior  dislocation,  on 
account  of  the  shortness  of  the  antero-posterior  diameter,  the  weakness  of  the  anterior  and 
posterior  ligaments,  and  the  want  of  support  of  muscles,  occurs  much  more  frequently.  Dislo- 
cation backward  takes  place  when  the  forearm  is  in  a  position  of  extension,  and  forward  when  in 
a  position  of  flexion.  For,  in  the  extended  position,  the  coronoid  process  is  not  locked  into  the 
coroQoid  fossa,  and  loses  its  grip  to  a  certain  extent,  whereas  the  olecranon  is  in  the  olecranon 
fossa,  and  entirely  prevents  displacement  forward.  On  the  other  hand,  during  flexion,  the  coronoid 
process  is  in  the  coronoid  fossa,  and  prevents  dislocation  backward,  while  the  olecranon,  having 
left  the  olecranon  fossa,  is  not  so  efflcient  in  preventing  a  forward  displacement.  When  lateral 
dislocation  does  take  place  it  is  generally  incomplete.  Dislocation  of  the  elbow-joint  is  of  conmion 
occurrence  in  children,  far  more  common  than  dislocation  of  any  other  articulation.  As  a  rule, 
in  young  persons,  the  application  of  any  severe  violence  to  a  joint  is  more  likely  to  produce  a 
fracture  of  bone  than  dislocation.  In  lesions  of  this  joint  there  is  often  very  great  difficulty  in 
ascertaining  the  exact  nature  of  the  injury. 

The  elbow-joint  is  occasionally  the  seat  of  acute  synovitis.  The  joint-cavity  then  becomes 
distended  with  fluid,  the  bulging  showing  itself  principally  around  the  olecranon,  in  consequence 
of  the  laxness  of  the  posterior  ligament.  Again,  there  is  often  some  swelling  just  above  the  head 
of  the  radius,  in  the  line  of  the  radiohumeral  joint,  or  the  whole  elbow  may  assume  a  fusiform 
appearance.  There  is  not  generally  much  swelling  at  the  front  of  the  joint,  though  sometimes 
tieep-seated  fulness  beneath  the  Brachialis  may  be  noted.  When  suppuration  occurs  the  abscess 
usually  points  at  one  or  other  border  of  the  Triceps  brachii;  occasionally  the  pus  discharges  itself 
in  front,  near  the  insertion  of  the  Brachialis.  In  cases  of  suppurative  synovitis,  incisions  should 
be  made  into  the  joint  on  either  side  of  the  olecranon,  care  being  taken  to  avoid  wounding  the 
ubar  nerve  on  the  medial  side.  Chronic  synovitis,  usually  of  tuberculous  origin,  is  of  common 
occurrence  in  the  elbow-joint;  in  such  cases  the  forearm  tends  to  assume  the  position  of  semi- 
flexion, which  is  that  of  greatest  ease  and  relaxation  of  ligaments.  It  should  be  borne  in  mind 
that  if  ankylosis  occur  in  this  or  the  extended  position,  the  limb  will  not  be  nearly  so  useful  as 
if  ankylosed  in  a  position  of  rather  less  than  a  right  angle.  The  elbow-joint  is  also  sometimes 
affected  with  osteoarthritis,  but  less  commonly  than  some  of  the  larger  joints. 

Excision  of  the  elbow  is  principally  required  for  one  of  three  conditions — viz.,  tuberculous 
arthritis,  injury  and  its  results,  or  faulty  ankylosis — ^but  may  be  necessary  for  some  other  rarer 
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conditions,  such  as  disorgaaizing  arthritis  after  pyemia  and  unreduced  dislocationB.  The  reeults 
of  the  operation  are,  as  a  rule,  more  favorable  than  those  of  exciBion  of  any  other  joint,  eepecially 
in  any  of  the  first  three  ccmditions  mentioned  above.  The  operation  is  best  performed  by  a 
vertical  incision  down  the  back  of  the  joint;  a  straight  incision  is  made  about  10  cm.  Long,  the 
mid-point  of  which  ia  on  a  level  with  and  a  Uttle  to  the  medial  side  of  the  tip  of  the  olecraoon. 
This  incision  is  made  down  to  the  bone,  through  the  substance  of  the  Triceps  brachii.  The 
operator,  guarding  the  soft  parts  with  his  thumb-nail,  separates  them  from  the  bone  with  the 
point  of  his  knife.  In  doing  this  there  are  two  atructurea  which  he  should  carefully  avoid;  the 
ulnar  nerve,  which  as  it  coureea  down  between  the  medial  epicondyle  and  the  olecranon  lies 
parallel  but  a  Uttle  medial  to  his  incision;  and  the  prolongation  of  the  Triceps  bradui  into  the 
deep  fascia  of  the  forearm  over  the  Anconaeus.  Having  cleared  the  bones  and  divided  the  col- 
lateral and  posterior  ligaments,  the  forearm  is  strongly  flexed  and  the  ends  of  the  bones  turned 
out  and  sawn  off.  The  turning  out  of  the  ends  of  the  bones  is  rendered  easier  by  first  cutting 
off  the  olecranon  with  a  pair  of  cutting  bone  forceps.  The  section  of  the  humerus  should  be 
through  the  base  of  the  epicondyles,  that  of  the  ulna  and  radius  should  be  just  below  the  level 
of  the  radial  notch  of  the  ulna  and  tbe  neck  of  the  radius.  In  this  operation  the  object  is  to  obtain 
such  union  as  shall  allow  free  motion  of  the  bones  of  the  forearm;  and,  therefore,  passive  move- 
ments must  be  commenced  early— that  is  to  say,  about  the  tenth  day.  It  is  most  important  to 
maintain  the  continuity  of  the  Triceps  brachii  with  the  deep  fascia  of  the  forearm,  so  as  to  obtain 
good  power  of  extension  in  the  new  joint. 

7.    Radionluat  Articulations  (Articiilatio  Badioulnaris). 

The  articulation  of  the  radius  with  the  ulna  is  effected  by  ligaments  which  con- 
nect together  the  extremities  as  well  as  the  bodies  of  these  bones.  The  ligaments 
may,  consequently,  be  subdivided  into  three  sets:  1,  those  of  the  proximal  radio- 
ulnar articulation;  2,  the  middle  radioulnar  ligaments;  3,  those  of  the  distal  radio- 
ulnar articulation. 

Proximal  Kadioulnar  Articulation  {articvlatio  radioulnans  proximatis;  superior 
radioulnar  joint). — This  articulation  is  a  trochoid  or  pivot-joint  between  the 
circumference  of  the  head  of  the  radius  and  the  ring  formed  by  the  radial  notch 
of  the  ulna  and  the  annular  ligament. 


The  Annular  Ligament  {Ugamentum  annulare  radii;  orbicular  ligajnent)  (Fig,  455). 
—This  ligament  is  a  strong  band  of  fibres,  which  encircles  the  head  of  the  radius, 
and  retains  it  in  contact  with  the  radial  notch  of  the  ulna.  It  forms  about  four- 
fifths  of  the  osseo-fibrous  ring,  and  is  attached  to  the  anterior  and  posterior  margins 
of  the  radial  notch;  a  few  of  its  lower  fibres  are  continued  around  below  the  cavity 
and  form  at  this  level  a  complete  fibrous  ring.  Its  upper  border  blends  with  the 
anterior  and  posterior  ligaments  of  the  elbow,  while  from  its  lower  border  a  thin 
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loose  membrane  passes  to  be  attached  to  the  neck  of  the  radius;  a  thickened  band 
which  extends  from  the  inferior  border  of  the  annular  ligament  below  the  radial 
notch  to  the  neck  of  the  radius  is  known  as  the  quadrate  ligament.  The  superficial 
surface  of  the  annular  ligament  is  strengthened  by  the  radial  collateral  ligament 
of  the  elbow,  and  affords  origin  to  part  of  the  Supinator.  Its  deep  surface  is  smooth, 
and  lined  by  synovial  membrane,  which  is  continuous  with  that  of  the  elbow-joint. 

Morements. — ^The  movements  allowed  in  this  articulation  are  limited  to  rotatory  movements 
of  the  head  of  the  radius  within  the  ring  formed  by  the  annular  ligament  and  the  radial  notch 
of  the  uhia;  rotation  forward  being  called  pronation;  rotation  backward,  supination.  Supination 
is  performed  by  the  Biceps  brachii  and  Supinator,  assisted  to  a  slight  extent  by  the  Extensor 
muscles  of  the  thumb.    Pronation  is  performed  by  the  Pronator  teres  and  Pronator  quadratus. 

Applied  Anatomy. — Dislocation  of  the  head  of  the  radius  alone  is  a  not  uncommon  accident, 
And  occurs  most  frequently  in  yoimg  persons  from  falls  on  the  hand  when  the  forearm  is  extended 
and  supinated,  the  head  of  the  bone  being  displaced  forward.  It  is  attended  by  rupture  of  the 
annular  ligament.  Occasionally  a  peculiar  injury,  which  is  supposed  to  be  a  subluxation,  occurs 
in  young  children  in  lifting  them  from  the  ground  by  the  hand  or  forearm.  It  is  believed  that 
the  head  of  the  radius  is  displaced  downward  in  the  annular  ligament,  the  upper  border  of  which 
becomes  folded  over  the  head  of  the  radius,  between  it  and  the  capitulum  of  the  humerus.  The 
forearm  becomes  fixed  in  a  position  of  semiflexion,  midway  between  supination  and  pronation, 
and  great  pain  is  complained  of  upon  any  attempt  to  move  the  joint.  The  synovial  membrane 
of  the  proximal  radioulnar  joint  is  directly  continuous  with  that  of  the  elbow-joint,  and,  therefore, 
any  .sq>tic  or  tuberculous  disease  which  affects  the  latter  also  involves  the  former  joint.  The 
proximal  radioulnar  joint  is  always  removed  in  an  excision  of  the  elbow  (see  p.  422). 

Middle  Badioulnar  Umon. — ^The  shafts  of  the  radius  and  ulna  are  connected 
by  the  Oblique  Cord  and  the  Interosseous  Membrane. 

The  Oblique  Cord  {chorda  obliqua;  oblique  ligamerU)  (Fig.  451). — ^The  oblique 
cord  is  a  small,  flattened  band,  extending  downward  and  lateralward,  from  the 
lateral  side  of  the  tubercle  of  the  ulna  at  the  base  of  the  coronoid  process  to  the 
radius  a  little  below  the  radial  tuberosity.  Its  fibres  run  in  the  opposite  direction 
to  those  of  the  interosseous  membrane.    It  is  sometimes  wanting. 

The  Interosseous  Membrane  (membrana  interossea  aniebrachii). — ^The  interosseous 
membrane  is  a  broad  and  thin  plane  of  fibrous  tissue  descending  obliquely  down- 
ward and  medialward,  from  the  interosseous  crest  of  the  radius  to  that  of  the  ulna; 
the  lower  part  of  the  membrane  is  attached  to  the  posterior  of  the  two  lines  into 
which  the  interosseous  crest  of  the  radius  divides.  It  is  deficient  above,  commencing 
about  2.5  cm.  beneath  the  tuberosity  of  the  radius;  is  broader  in  the  middle  than 
at  either  end;  and  presents  an  oval  aperture  a  little  above  its  lower  margin  for  the 
passage  of  the  volar  interosseous  vessels  to  the  back  of  the  forearm.  This  mem- 
brane serves  to  connect  the  bones,  and  to  increase  the  extent  of  surface  for  the 
attachment  of  the  deep  muscles.  Between  its  upper  border  and  the  oblique  cord 
is  a  gap,  through  which  the  dorsal  interosseous  vessels  pass.  Two  or  three  fibrous 
bands  are  occasionally  found  on  the  dorsal  surface  of  this  membrane;  they  descend 
obliquely  from  the  ulna  toward  the  radius,  and  have  consequently  a  direction 
contraty  to  that  of  the  other  fibres.  The  membrane  is  in  relation,  in  front,  by 
its  upper  three-fourths,  with  the  Flexor  poUicis  longus  on  the  radial  side,  and  with 
the  Flexor  digitorum  profundus  on  the  ulnar,  lying  in  the  interval  between  which 
are  the  volar  interosseous  vessels  and  nerve;  by  its  lower  fourth  with  the  Pronator 
quadratus;  behind,  with  the  Supinator,  Abductor  poUicis  longus,  Extensor  poUicis 
brevis,  Extensor  poUicis  longus,  Extensor  indicis  proprius;  and,  near  the  wrist, 
with  the  volar  interosseous  artery  and  dorsal  interosseous  nerve. 

Distal  Badioulnar  Articulation  (articulatio  radioulnaris  distalis;  inferior  radio- 
Mfewf  ^oint), — ^This  is  a  pivot-joint  formed  between  the  head  of  the  ulna  and  the 
ulnar  notch  on  the  lower  end  of  the  radius.  The  articular  surfaces  are  connected 
together  by  the  following  ligaments: 

The  Volar  Radioulnar.  The  Dorsal  Radioulnar. 

The  Articular  Disk. 
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Th«  Tolat  Radioolnu  Liifament  {anterior  radioulnar  ligament)  (Fig.  456). — This 
ligament  is  a  narrow  baad  of  fibres  extending  from  the  anterior  margin  of  the  ulnar 
notch  of  the  radius  to  the  front  of  the  head  of  the  ulna. 


ligairtfnt 


Fio,  45C. — LUtunenti 


The  Dorsal  Radwnlnar  Iag:»iDent  {posterior  radioulnar  ligament)  (Fig.  457). — 
This  ligament  extends  between  corresponding  surfaces  on  the  dorsal  aspect  of  the 
articulation. 


Iniertxirpal  ariicvla 


The  Articolat  Disk  {discus  articuhris;  triangulur  fibrocartilage)  (Fig.  458). — ^The 
articular  disk  is  triangular  in  shape,  and  is  placed  transversely- beneath  the  head 
of  the  ulna,  binding  the  lower  ends  of  the  ulna  and  radius  firmly  together.     Its 
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peripherj'  is  thicker  than  its  centre,  which  is  occasionally  perforated.  It  is  attached 
6,1'  its  apex  to  a  depression  between  the  styloid  process  and  the  head  of  the  ulna; 
and  by  its  base,  which  is  thin,  to  the  prominent  edge  of  the  radius,  which  separates 
the  ulnar  notch  from  the  carpal  articular  surface.  Its  margins  are  united  to  the 
ligaments  of  the  wrist-joint.  Its  upper  surface,  smooth  and  concave,  articulates 
with  the  head  of  the  ulna,  forming  an  arthrodial  joint;  its  under  surface,  also  con- 
cave and  smooth,  forms  part  of  the  wrist-joint  and  articulates  with  the  triangular 
bone  and  medial  part  of  the  lunate.  Both  surfaces  are  clothed  by  synovial  mem- 
brane; the  upper,  by  that  of  the  distal  radioulnar  articulation,  the  under,  by  that 
ot  the  «Tist. 


Fia.  4SS.~Vertic^  gection  throufh  the  u-ticulslioiu  at  ths  wriat,  showinc  the  syaovisl  nvlties. 

BpoTiil  Membrane  (Fig.  45S). — The  Bynovial  membrane  of  this  articulation  is  extremely 
locee,  and  extends  upward  ae  a  recess  (reeegaus  saeciSormU)  between  the  radius  and  the  ulna. 

MoreniNita. — The  movements  in  the  distal  radioulnar  articulation  consist  of  rotation  of  the 
birer  end  of  the  radius  around  an  axis  which  passes  through  the  centre  of  the  head  of  the  ulna. 
Wben  the  radius  rotates  forward,  ■pronalioH  of  the  forearm  and  hand  is  the  result ;  and  when  back- 
Tud,  tupination.  It  will  thus  be  seen  that  in  pronation  and  supination  the  radius  describes  the 
KtDi«ol  of  a  cone,  the  axis  of  which  extends  from  the  centre  of  the  head  of  the  rttdius  to  the 
middle  of  the  head  of  the  ulna.  In  this  movement  the  head  of  the  ulna  is  not  stationary,  but 
licscribes  a  curve  in  a  direction  opposite  to  that  taken  by  the  bead  of  the  radius.  This,  however, 
it  Dot  to  be  regarded  as  a  rotation  of  the  ulna — the  curve  which  the  head  of  this  bone  describee 
it  due  to  a  combined  antero-posterior  and  rotatory  movement,  the  former  taking  place  almost 
mtirdy  at  the  elbow-joint,  the  latter  at  the  shoulder-joint. 

TI.   Badiocafpal  Articalatloii  or  Wnst-jouit  (Articiilatio  Badiocarpea) 

{Figs.  456,  457). 

The  wrist-joint  is  a  condyloid  articulation.  The  parts  forming  it  are  the  lower 
end  of  the  radius  and  under  surface  of  the  articular  disk  above ;  and  the  navicular, 
lunate,  and  triangular  bones  below.  The  articular  surface  of  the  radius  and  the 
under  surface  of  the  articular  disk  form  together  a  transversely  elliptical  concave 
surface,  the  receivinc  cavit;.  The  superior  articular  surfaces  of  the  navicular, 
lunate,  and  triangular  form  a  smooth  con\ex  surface,  the  condyle,  which  is  received 
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into  the  concavity.    The  joint  is  surrounded  by  a  capsule,  strengthened  by  the 
following  ligaments: 

The  Volar  Radiocarpal.  The  Ulnar  Collateral. 

The  Dorsal  Radiocarpal.  The  Radial  Collateral. 

The  Volar  Radiocarpal  Ligament  (ligamentum  radiocarpeum  volare;  anterior  Uga- 
Toent)  (Fig.  456). — ^This  ligament  is  a  broad  membranous  band,  attached  above 
to  the  anterior  margin  of  the  lower  end  of  the  radius,  to  its  styloid  process,  and  to 
the  front  of  the  lower  end  of  the  ulna;  its  fibres  pass  downward  and  medialward 
to  be  inserted  into  the  volar  surfaces  of  the  navicular,  lunate,  and  triangular 
bones,  some  being  continued  to  the  capitate.  In  addition  to  this  broad  mem- 
brane, there  is  rounded  fasciculus,  superficial  to  the  rest,  which  reaches  from  the 
base  of  the  styloid  process  of  the  ulna  to  the  lunate  and  triangular  bones.  The 
ligament  is  perforated  by  apertures  for  the  passage  of  vessels,  and  is  in  relation, 
in  front,  with  the  tendons  of  the  Flexor  digitorum  profundus  and  Flexor  pollicis 
longus;  behind,  it  is  closely  adherent  to  the  anterior  border  of  the  articular  disk 
of  the  distal  radioulnar  articulation. 

The  Dorsal  Radiocarpal  Ligament  {ligamentum  radiocarpeum  dorsale;  posterior 
ligament)  (Fig.  457). — ^The  dorsal  radiocarpal  ligament  less  thick  and  strong  than 
the  volar,  is  attached,  ah&oe,  to  the  posterior  border  of  the  lower  end  of  the  radius; 
its  fibres  are  directed  obliquely  downward  and  medialward,  and  are  fixed,  hehw, 
to  the  dorsal  surfaces  of  the  navicular,  lunate,  and  triangular,  being  continuous 
with  those  of  the  dorsal  intercarpal  ligaments.  It  is  in  relation,  behind,  with  the 
Extensor  tendons  of  the  fingers;  in  front,  it  is  blended  with  the  articular  disk. 

The  Ulnar  Collateral  Ligament  (ligamentum  collaterale  carpi  ulnare;  internal 
lateral  ligament)  (Fig.  456). — ^The  ulnar  collateral  ligament  is  a  rounded  cord, 
attached  above  to  the  end  of  the  styloid  process  of  the  ulna,  and  dividing  below 
into  two  fasciculi,  one  of  which  is  attached  to  the  medial  side  of  the  triangular 
bone,  the  other  to  the  pisiform  and  transverse  carpal  ligament. 

The  Radial  Collateral  Ligament  {ligamentum  coUaterale  carpi  radiate;  external 
lateral  ligament)  (Fig.  456). — The  radial  collateral  ligament  extends  from  the  tip 
of  the  styloid  process  of  the  radius  to  the  radial  side  of  the  navicular,  some  of  its 
fibres  being  prolonged  to  the  greater  multangular  bone  and  the  transverse  carpal 
ligament.  It  is  in  relation  with  the  radial  artery,  which  separates  the  ligament 
from  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis. 

SynoYial  Membrane  (Fig.  458). — The  synovial  membrane  lines  the  deep  surfaces  of  the  liga- 
ments above  described,  extending  from  the  margin  of  the  lower  end  of  the  radius  and  articular 
disk  above  to  the  margins  of  the  articular  surfaces  of  the  carpal  bones  below.  It  is  loose  and 
lax,  and  presents  nimierous  folds,  especially  behind. 

The  wrist-joint  is  covered  in  front  by  the  Flexor,  and  behind  by  the  Extensor  tendons. 

The  arteiies  supplying  the  joint  are  the  volar  and  dorsal  carpal  branches  of  the  radial  and 
ulnar,  the  volar  and  dorsal  metacarpals,  and  some  ascending  branches  from  the  deep  volar  arch. 

The  nerves  are  derived  from  the  ulnar  and  dorsal  interosseous. 

Movements. — The  movements  permitted  in  this  joint  are  flexion,  extension,  abduction,  adduc- 
tion, and  circumduction.  They  will  be  studied  with  those  of  the  carpus,  with  which  they  are 
combined. 

Applied  Anatomy. — The  wrist-joint  is  rarely  dislocated,  its  strength  depending  mainly  upon 
the  numerous  strong  tendons  which  surroimd  the  articulation.  Its  security  is  further  provided 
for  by  the  number  of  small  bones  of  which  the  carpus  is  made  up,  and  which  are  united  by  very 
strong  ligaments.  The  slight  movements  which  take  place  between  the  several  bones  serve  to 
break  the  jars  that  result  from  falls  or  blows  on  the  hand.  Dislocation  backward,  which  is  the 
more  common,  simulates  to  a  considerable  extent  CoUes'  fracture  of  the  radius,  and  is  liable 
to  be  mistaken  for  it.  The  differential  diagnosis  can.  be  easily  made  by  observing  the  relative 
positions  of  the  styloid  processes  of  the  radius  and  the  ulna.  In  the  natural  condition  the  styloid 
process  of  the  radius  is  on  a  lower  level,  t.  6.,  nearer  the  ground,  when  the  arm  hangs  by  the  side 
than  that  of  the  ulna,  and  this  relationship  is  not  disturbed  in  dislocation.  In  CoUes'  fracture 
the  styloid  process  of  the  radius  is  on  the  same  level  as,  or  e\'en  a  higher  level  than,  that  of  the 
ulna. 
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The  wnst-joint  is  occasionally  the  seat  of  acute  synovitis.  When  the  joint  cavity  is  distended 
with  fluid,  the  swelling  is  greatest  on  the  dorsal  aspect  of  the  wrist,  showing  a  general  fulness, 
itith  some  bulging  between  the  tendons.  The  inflammation  is  prone  to  extend  to  the  intercarpal 
joints  and  to  attack  also  the  sheaths  of  the  tendons  in  the  neighborhood.  Chronic  inflammation 
of  the  wrist  is  generally  tuberculous,  and  often  leads  to  similar  disease  in  the  mucous  sheaths 
of  adjacent  tendons  and  the  intercarpal  joints,  with  resulting  ankylosis. 

Vn.    Intercarpal  Articulations  (Articulationes  Intercarpeae ;  Articulations 

of  the  Carpus). 

These  articulations  may  be  subdivided  into  three  sets: 

1 .  The  Articulations  of  the  Proximal  Row  of  Carpal  Bones. 

2.  The  Articulations  of  the  Distal  Row  of  Carpal  Bones. 

3.  The  Articulations  of  the  Two  Rows  with  each  Other. 

Articulations  of  the  Proximal  Bow  of  Carpal  Bones. — ^These  are  arthrodial 
joints.  The  navicular,  lunate,  and  triangular  are  connected  by  dorsal,  volar,  and 
interosseous  ligaments. 

The  Dorsal  Ligaments  {ligamenta  intercarpea  dorsalia). — The  dorsal  ligaments, 
two  in  number,  are  placed  transversely  behind  the  bones  of  the  first  row;  they 
connect  the  navicular  and  lunate,  and  the  lunate  and  triangular. 

The  Volar  ligaments  (ligamenta  intercarpea  volaria;  palmar  ligaments), — ^The  volar 
ligaments,  also  two,  connect  the  navicular  and  lunate,  and  the  lunate  and  trian- 
gular; they  are  less  strong  than  the  dorsal,  and  placed  very  deeply  behind  the 
Hexor  tendons  and  the  volar  radiocarpal  ligament. 

The  Interosseous  Ligaments  (ligamenta  intercarpea  interossea)  (Fig.  458). — The 
interosseous  ligaments  are  two  narrow  bundles,  one  connecting  the  lunate  with 
the  navicular,  the  other  joining  it  to  the  triangular.  They  are  on  a  level  with  the 
superior  surfaces  of  these  bones,  and  their  upper  surfaces  are  smooth,  and  form 
part  of  the  convex  articular  surface  of  the  wrist-joint. 

The  ligaments  coimecting  the  pisiform  bone  are  the  articular  capsule  and  the 
tr^o  volar  ligaments. 

The  artiealar  capsule  is  a  thin  membrane  which  connects  the  pisiform  to  the 
triangular;  it  is  lined  by  synovial  membrane. 

The  two  volar  ligaments  are  strong  fibrous  bands;  one,  the  pisohamate  ligament, 
connects  the  pisiform  to  the  hamate,  the  other,  the  pisometacarpal  ligament,  joins 
the  pisiform  to  the  base  of  the  fifth  metacarpal  bone  (Fig.  466).  These  ligaments 
are,  in  reality,  prolongations  of  the  tendon  of  the  Flexor  carpi  ulnaris. 

irtieiilations  of  the  Distal  Bow  of  Carpal  Bones. — These  also  are  arthrodial 
joints;  the  bones  are  connected  by  dorsal,  volar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  (ligamenta  intercarpea  dorsalia), — ^The  dorsal  ligaments, 
three  in  number,  extend  transversely  from  one  bone  to  another  on  the  dorsal 
surface,  connecting  the  greater  with  the  lesser  multangular,  the  lesser  multangular 
with  the  capitate,  and  the  capitate  with  the  hamate. 

The  Volar  Ligaments  (ligamenta  intercarpea  volaria;  palvfiar  ligaments), — ^The 
volar  ligaments,  also  three,  have  a  similar  arrangement  on  the  volar  surface. 

The  Interosseous  Ligaments  (ligamenta  intercarpea  interossea), — ^The  three  inter- 
osseous ligaments  are  much  thicker  than  those  of  the  first  row;  one  is  placed  be- 
tween the  capitate  and  the  hamate,  a  second  between  the  capitate  and  the  lesser 
multangular,  and  a  third  between  the  greater  and  lesser  multangulars.  The  first 
is  much  the  strongest,  and  the  third  is  sometimes  wanting. 

Articulations  of  the  Two  Bows  of  Carpal  Bones  with  Each  Other. — The  joint 
between  the  navicular,  lunate,  and  triangular  on  the  one  hand,  and  the  second 
row  of  carpal  bones  on  the  other,  is  named  the  midcarpal  Joint,  and  is  made  up  of 
three  dbtinct  portions:  in  the  centre  the  head  of  the  capitate  and  the  supenor 
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surface  of  the  hamate  articulate  with  the  deep  cup-shaped  cavity  formed  by  the 
navicular  and  lunate,  and  constitute  a  sort  of  ball-and-socket  joint.  On  the 
radial  side  the  greater  and  lesser  multangulars  articulate  with  the  navicular, 
and  on  the  ulnar  side  the  hamate  articulates  with  the  triangular,  forming  gliding 
joints. 

The  ligaments  are:  volar,  dorsal,  ulnar  and  radial  collateral. 

The  Volar  Ligaments  {ligamenta  intercarpea  wlatia;  anterior  or  palmar  ligaments), 
— The  volar  ligaments  consist  of  short  fibres,  which  pass,  for  the  most  part,  from 
the  volar  surfaces  of  the  bones  of  the  first  row  to  the  front  of  the  capitate. 

The  Dorsal  Ligaments  (ligamenta  intercarpea  dorsalia;  posterior  ligaments). — 
The  dorsal  ligaments  consist  of  short,  irregular  bundles  passing  between  the  dorsal 
surfaces  of  the  bones  of  the  first  and  second  rows. 

The  Collateral  Ligaments  {lateral  ligaments), — ^The  collateral  ligaments  are  very 
short;  one  is  placed  on  the  radial,  the  other  on  the  ulnar  side  of  the  carpus;  the 
former,  the  stronger  and  more  distinct,  connects  the  navicular  and  greater  mul- 
tangular, the  latter  the  triangular  and  hamate;  they  are  continuous  with  the 
collateral  ligaments  of  the  wrist-joint.  In  addition  to  these  ligaments,  a  slender 
interosseous  band  sometimes  connects  the  capitate  and  the  navicular. 

SynoYial  Membrane. — ^The  synovial  membrane  of  the  carpus  is  very  extensive  (Fig.  458) » 
and  bounds  a  S3movial  cavity  of  very  irregular  shape.  The  upper  portion  of  the  cavity  inter- 
venes between  the  under  surfaces  of  the  navicular,  lunate,  and  triangular  bones  and  the  upper 
surfaces  of  the  bones  of  the  second  row.  It  sends  two  prolongations  upward — between  the  navic- 
ular and  lunate,  and  the  lunate  and  triangular — and  three  prolongations  downward  between 
the  four  bones  of  the  second  row.  The  prolongation  between  the  greater  and  lesser  multangulars, 
or  that  between  the  lesser  multangular  and  capitate,  is,  owing  to  the  absence  of  the  interosseous 
ligament,  often  continuous  with  the  cavity  of  the  carpometacarpal  joints,  sometimes  of  the 
second,  third,  fourth,  and  fifth  metacarpal  bones,  sometimes  of  the  second  and  third  only.  Id 
the  latter  condition  the  joint  between  the  hamate  and  the  fourth  and  fifth  metacarpal  bones 
has  a  separate  synovial  membrane.  The  synovial  cavities  of  these  joints  are  prolonged  for  a 
short  distance  between  the  bases  of  the  metacarpal  bones.  There  is  a  separate  synovial  mem- 
brane between  the  pisiform  and  triangular. 

Ifovements. — ^The  articulation  of  the  hand  and  wrist  considered  as  a  whole  involves  four 
articular  surfaces:  (a)  the  inferior  surfaces  of  the  radius  and  articular  disk;  (&)  the  superior 
surfaces  of  the  navicidar,  lunate,  and  triangular,  the  pisiform  having  no  essential  part  in  the 
movement  of  the  hand;  (c)  the  S-shaped  surface  formed  by  the  inferior  surfaces  of  the  navicular, 
lunate,  and  triangular;  (d)  the  reciprocal  surface  formed  by  the  upper  surfaces  of  the  bones  of 
the  second  row.  These  four  surfaces  form  two  joints:  (1)  a  proximal,  the  wrist-joint  proper; 
and  (2)  a  distal,  the  mid-carpal  joint. 

1.  The  wrist-joint  proper  is  a  true  condyloid  articulation,  and  therefore  all  movements  but 
rotation  are  permitted.  Flexion  and  extension  are  the  most  ifree,  and  of  these  a  greater  amount 
of  extension  than  of  flexion  is  permitted,  since  the  articulating  surfaces  extend  farther  on  the  dorsal 
than  on  the  volar  surfaces  of  the  carpal  bones.  In  this  movement  the  carpal  bones  rotate  on  a 
transverse  axis  drawn  between  the  tips  of  the  styloid  processes  of  the  radius  and  ulna.  A  certain 
amount  of  adduction  (or  ulnar  flexion)  and  abduction  (or  radial  flexion)  is  also  permitted.  The 
former  is  considerably  greater  in  extent  than  the  latter  on  account  of  the  shortness  of  the  styloid 
process  of  the  ulna,  abduction  being  soon  limited  by  the  contact  of  the  styloid  process  of  the 
radius  with  the  greater  multangular.  In  this  movement  the  carpus  revolves  upon  an  antero- 
posterior axis  drawn  through  the  centre  of  the  wrist. ^  Finally,  circumduction  is  permitted  by 
the  combined  and  consecutive  movements  of  adduction,  extension,  abduction,  and  flexion.  No 
rotation  is  possible,  but  the  e£fect  of  rotation  is  obtained  by  the  pronation  and  supination  of  the 
radius  on  the  ulna.  The  movement  of  flexion  is  performed  by  the  Flexor  carpi  radialis,  the  Flexor 
carpi  ulnaris,  and  the  Palmaris  longus;  extension  by  the  Extensores  carpi  radiales  longus  and 
brevis  and  the  Extensor  carpi  ulnaris;  adduction  (ulnar  flexion)  by  the  Flexor  carpi  ulnaris  and 
the  Extensor  carpi  ulnaris;  and  abduction  (radial  flexion)  by  the  Abductor  pollicis  longus,  the 
Extensors  of  the  thumb,  and  the  Extensores  carpi  radiales  longus  and  brevis  and  the  Flexor  carpi 
radialis.  When  the  fingers  are  extended,  flexion  of  the  wrist  is  performed  by  the  Flexores  carpi 
radialis  and  ulnaris  and  extension  by  the  Extensor  digitorum  communis.  When  the  fingers  are 
flexed,  flexion  of  the  wrist  is  performed  by  the  Flexores  digitorum  sublimis  and  profundus,  and 
extension  by  the  Extensores  carpi  radiales  and  ulnaris. 

1  H.  M.  Johnston  (Journal  of  Anatomy  and  Physiology,  vol.  xli)  maintains  that  in  ulnar  and  radial  flexion  only 
slight  lateral  movement  occurs  at  the  radiocarpal  joint,  and  that  in  complete  flexion  and  extension  of  th«  hand  there 
is  a  small  degree  of  ulnar  flexion  at  the  radiocarpal  joint. 
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2.  The  chief  movements  permitted  in  the  mid-carpal  joint  are  flexion  and  extension  and  a 
alight  amount  of  rotation.  In  flexion  and  extension,  which  are  the  movements  most  freely  enjoyed, 
the  greater  and  lesser  multangulars  on  the  radial  side  and  the  hamate  on  the  ulnar  side  glide 
forward  and  backward  on  the  navicular  and  triangular  respectively,  while  the  head  of  the  capitate 
and  the  superior  surface  of  the  hamate  rotate  in  the  cup-shaped  cavity  of  the  navicular  and 
lunate.  Flexion  at  this  joint  is  freer  than  extension.  A  very  trifling  amount  of  rotation  is  also 
permitted,  the  head  of  the  capitate  rotating  around  a  vertical  axis  drawn  through  its  own  centre, 
while  at  the  same  time  a  slight  gliding  movement  takes  place  in  the  lateral  and  medial  portions 
of  the  joint. 

Vm.    Carpometacarpal  Articulations  (Articulationes  Carpometacarpeae). 

Carpometacarpal  Articulation  of  the  Thumb  (articulatio  carpometacarpea  pollicis). 
—This  is  a  joint  of  reciprocal  reception  between  the  first  metacarpal  and  the 
greater  multangular;  it  enjoys  great  freedom  of  motement  on  account  of  the 
configuration  of  its  articular  surfaces,  which  are  saddle-shaped.  The  joint  is  sur- 
rounded by  a  capsule,  which  is  thick  but  loose,  and  passes  from  the  circumference 
of  the  base  of  the  metacarpal  bone  to  the  rough  edge  bounding  the  articular  surface 
of  the  greater  multangular;  it  is  thickest  laterally  and  dorsally,  and  is  lined  by 
svnovial  membrane. 

Movements. — In  this  articulation  the  movements  permitted  are  flexion  and  extension  in  the 
plane  of  the  palm  of  the  hand,  abduction  and  adduction  in  a  plane  at  right  angles  to  the  palm, 
cfrcumduction,  and  opposition.  It  is  by  the  movement  of  opposition  that  the  tip  of  the  thimib 
is  brought  into  contact  with  the  volar  surfaces  of  the  slightly  flexed  fingers.  This  movement  is 
effected  through  the  medium  of  a  small  sloping  facet  on  the  anterior  lip  of  the  saddle-shaped 
articular  surface  of  the  greater  multangular.  The  Flexor  muscles  pull  the  corresponding  part 
of  the  articular  surface,  of  the  metacarpal  bone  on  to  this  facet,  and  the  movement  of  opposition 
is  then  carried  out  by  the  Adductors. 

Eexion  of  this  joint  is  produced  by  the  Flexores  pollicis  longus  and  brevis,  assisted  by  the 
Opponens  pollicis  and  the  Adductor  pollicis.  Extension  is  effected  mainly  by  the  abductor 
pollicis  longus,  assisted  by  the  Extensores  pollicis  longus  and  brevis.  Adduction  is  carried  out 
by  the  Adductor;  abduction  mainly  by  the  Abductores  pollicis  longus  and  brevis,  assisted  by  the 
ExtensorB. 

Articulations  of  fhe  Other  Fom:  Metacarpal  Bones  with  the  Carpus  {articulationes 
carpometacarpeae), — ^The  joints  between  the  carpus  and  the  second,  third,  fourth, 
and  fifth  metacarpal  bones  are  arthrodial.  The  bones  are  united  by  dorsal,  volar, 
and  interosseous  ligaments. 

The  Dorsal  Ligaments  (ligamenta  carpometacarpea  dorsaiia) . — ^The  dorsal  ligaments, 
the  strongest  and  most  distinct,  connect  the  carpal  and  metacarpal  bones  on  their 
dorsal  surfaces.  The  second  metacarpal  bone  receives  two  fasciculi,  one  from  the 
greater,  the  other  from  the  lesser  multangular;  the  third  metacarpal  receives  two, 
one  each  from  the  lesser  multangular  and  capitate;  the  fourth  two,  one  each  from 
the  capitate  and  hamate;  the  fifth  receives  a  single  fasciculus  from  the  hamate, 
and  this  is  continuous  with  a  similar  ligament  on  the  volar  surface,  forming  an 
inc-omplete  capsule. 

The  Volar  Ligaments  Qigamenta  carpometacarpea  volaria;  palmar  ligaments). — 
The  volar  ligaments  have  a  somewhat  similar  arrangement,  with  the  exception 
of  those  of  the  third  metacarpal,  which  are  three  in  number:  a  lateral  one  from  the 
greater  multangular,  situated  superficial  to  the  sheath  of  the  tendon  of  the  Flexor 
carpi  radialis;  and  intermediate  one  from  the  capitate;  and  a  medial  one  from 
the  hamate. 

The  Interosseous  Ligaments. — ^The  interosseous  ligaments  consist  of  short,  thick 
fibres,  and  are  limited  to  one  part  of  the  carpometacarpal  articulation;  they  con- 
nect the  contiguous  inferior  angles  of  the  capitate  and  hamate  with  the  adjacent 
surfaces  of  the  third  and  fourth  metacarpal  bones. 

Synovial  Membrane. — ^The  synovial  membrane  is  a  continuation  of  that  of  the  intercarpal 
joints.  Occasionally,  the  joint  between  the  hamate  and  the  fourth  and  fifth  metacarpal  bones 
has  a  separate  synovial  membrane. 
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The  synovial  membranes  of  the  wrist  and  carpus  (Fig.  458)  are  thus  seen  to  be  five  in  number. 
The  first  passes  from  the  lower  end  of  the  ulnar  to  the  ulnar  notch  of  the  radius,  and  lines  the  upper 
surface  of  the  articular  disk.  The  second  passes  from  the  articular  disk  and  the  lower  end  of  the 
radius  above,  to  the  bones  of  the  first  row  below.  The  thirds  the  most  extensive,  passes  between 
the  contiguous  margins  of  the  two  rows  of  carpal  bones,  and  sometimes,  in  the  event  of  one  of 
the  interosseous  ligaments  being  absent,  between  the  bones  of  the  second  row  to  the  carpal  extremi- 
ties of  the  second,  third,  fourth,  and  fifth  metacarpal  bones.  The  fourth  extends  from  the  margin 
of  the  greater  multangular  to  the  metacarpal  bone  of  the  thimib.  The  fifth  runs  between  the 
adjacent  margins  of  the  triangular  and  pisiform  bones.  Occasionally  the  fourth  and  fifth  carpo- 
metacarpal joints  have  a  separate  synovial  membrane. 

Movements. — The  movements  permitted  in  the  carpometacarpal  articulations  of  the  fingers 
are  limited  to  slight  gliding  of  the  articular  surfaces  upon  each  other,  the  extent  of  which  varies 
in  the  different  joints.  The  metacarpal  bone  of  the  little  finger  is  mosf  movable,  then  that  of 
the  ring  finger;  the  metacarpal  bones  of  the  index  and  middle  fingers  are  ahnost  immovable. 

DC.  Intermetacarpal  Articulations  (Articulationes  Intermetacarpeae;  Articulations 

of  the  Metacarpal  Bones  with  Each  Other). 

The  bases  of  the  second,  third,  fourth  and  fifth  metacarpal  bones  articulate 
with  one  another  by  small  surfaces  covered  with  cartilage,  and  are  connected 
together  by  dorsal,  volar,  and  interosseous  ligaments. 

The  dorsal  (ligamenta  basium  oss,  Tnetacarp.  dorsalia)  and  volar  ligaments  (liga- 
menta  basium  oss.  metacarp.  volaria;  palmar  ligaments)  pass  transversely  from 
one  bone  to  another  on  the  dorsal  and  volar  surfaces.  The  interosseous  ligaments 
{ligamenia  basium  oss.  Tnetacarp.  interossea)  connect  their  contiguous  surfaces, 
just  distal  to  their  collateral  articular  facets. 

The  synoTial  membrane  for  these  joints  is  continuous  with  that  of  the  carpometacarpal 
articulations. 

The  Transverse  Metacarpal  Ligament  {ligamentum  capitulorum  [oss.  metacarpalium] 
transversum)  (Fig.  459). — ^This  ligament  is  a  narrow  fibrous  band,  which  runs  across 
the  volar  surfaces  of  the  heads  of  the  second,  third,  fourth  and  fifth  meta- 
carpal bones,  connecting  them  together.  It  is  blended  with  the  volar  (glenoid) 
ligaments  of  the  metacarpophalangeal  articulations.  Its  volar  surface  is  concave 
where  the  Flexor  tendons  pass  over  it;  behind  it  the  tendons  of  the  Interossei  pass 
to  their  insertions. 

X.    Metacarpophalangeal  Articulations  (Articulationes  Metacarpophalangeae ; 

Metacarpophalangeal  Joints)  (Figs.  459,  460). 

These  articulations  are  of  the  condyloid  kind,  formed  by  the  reception  of  the 
rounded  heads  of  the  metacarpal  bones  into  shallow  cavities  on  the  proximal  ends 
of  the  first  phalanges,  with  the  exception  of  that  of  the  thumb,  which  presents 
more  of  the  characters  of  a  ginglymoid  joint.  Each  joint  has  a  volar  and  two 
collateral  ligaments. 

The  Volar  Ligaments  (glenoid  ligaments  of  Cruveilhier;  palmar  or  vaginal  ligaments) . 
— The  volar  ligaments  are  thick,  dense,  fibrocartilaginous  structures,  placed  upon 
the  volar  surfaces  of  the  joints  in  the  intervals  between  the  collateral  ligaments,  to 
which  they  are  connected;  they  are  loosely  united  to  the  metacarpal  bones,  but  are 
very  firmly  attached  to  the  bases  of  the  first  phalanges.  Their  volar  surfaces  are 
intimately  blended  with  the  transverse  metacarpal  ligament,  and  present  grooves 
for  the  passage  of  the  Flexor  tendons,  the  sheaths  surrounding  which  are  connected 
to  the  sides  of  the  grooves.  Their  deep  surfaces  form  parts  of  the  articular  facets 
for  the  heads  of  the  metacarpal  bones,  and  are  lined  by  synovial  membranes. 

The  Collateral  Ligaments  (ligamenia  collaieralia;  lateral  ligaments). — ^The  col- 
lateral ligaments  are  strong,  rounded  cords,  placed  on  the  sides  of  the  joints; 
each  is  attached  by  one  extremity  to  the  posterior  tubercle  and  adjacent  depres- 
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sion  on  the  side  of  the  head  of  the  metacarpal  bone,  and  by  the  other  to  the 
contiguous  extremity  of  the  phalanx. 

The  dorsal  surfaces  of  these  joints  are  covered  by  the  expansions  of  the  Extensor 
tendons,  together  with  some  loose  areolar  tissue  which  connects  the  deep  surfaces 
of  the  tendons  to  the  bones. 


Mttacarpa 
frauMrae 


II  ind  Fid.   ISO.— MstkCUPophkJiiice&L  uiiculkiian  ud 

utiflulmUoniofdwil.     UIdbt  upset. 

—The  movemeDta  which  occur  in  these  joints  are  flexion,  exleoBion,  adduction, 
kbduetion,  and  circumduction;  the  movements  of  abduction  and  adduction  are  very  limited, 
■nd  caimot  be  performed  when  the  fingers  are  flexed. 

XL  iiticnlatioiu  <si  th«  Digits  (Aiticiilatloiies  Digitonun  Mainis;  Intetphalangeal 

Joints)  (Figs.  459,  460). 

The  interphalangeal  articulations  are  hinge-joints;  each  has  a  volar  and  two 
collateral  ligaments.  The  arrangement  of  these  ligaments  is  similar  to  those  in 
die  metacarpophalangeal  articulations.  The  Extensor  tendons  supply  the  place 
of  posterior  ligaments. 


—The  only  movements  permitted  in  the  interphalangeai  joints  are  flexion  and 
ExtauKm;  theee  movements  are  more  eictenaive  between  the  first  and  second  phalanges  than 
between  the  second  and  third.  The  amount  of  flexion  is  very  considerable,  but  ext^naitm  is 
Unuud  by  the  volar  and  collateral  hgaments. 

HoNlat  ActiUf  on  the  Joints  ol  tbe  Dibits.— Flexion  of  the  metacarpophalangeal  jointe  of  the 
^ugaa  is  effected  by  the  Flexoree  diptorum  sublimis  and  profundus,  Lumbric&les,  and  Internesei, 
■«irted  in  the  case  of  the  little  finger  by  the  Flexor  digit!  quinti  brevis.    Extension  is  produced 
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by  the  Extensor  digitorum  communis,  Extensor  indicis  proprius,  and  Extensor  digiti  quinti  pro- 
prius. 

Flexion  of  the  interphalangeal  joints  of  the  fingers  is  accomplished  by  the  Flexor  digitorum 
profundus  acting  on  the  proximal  and  distal  joints  and  by  the  Flexor  digitorum  sublimis  acting 
on  the  proximal  joints.  Extension  is  effected  mainly  by  the  Lumbricales  and  Interossei,  the 
long  Extensors  having  little  or  no  action  upon  these  joints. 

Flexion  of  the  metacarpophalangeal  joint  of  the  thumb  is  effected  by  the  Flexores  pollicis 
longus  and  brevis;  extension  by  the  Extensores  pollicis  longus  and  brevis.  Flexion  of  the  inter- 
phalangeal joint  is  accomplished  by  the  Flexor  pollicis  longus,  and  extension  by  the  Extensor 
pollicis  longus. 

ABTICULATIONS  OF  THE  LOWER  EXTREMITT. 

The  articulations  of  the  Lower  Extremity  comprise  the  following: 

I.  Hip.  V.  Intertarsal. 

II.  Knee.  VI.  Tarsometatarsal. 

III.  Tibiofibular.  VH.  Intermetatarsal. 

IV.  Ankle.  VIII.  Metatarsophalangeal. 

IX.  Articulations  of  the  Digits. 

I.    Coxal  Articulation  or  Hip-joint  (Articulatio  Coxae). 

This  articulation  is  an  enarthrodial  or  ball-and-socket  joint,  formed  by  the 
reception  of  the  head  of  the  femur  into  the  cup-shaped  cavity  of  the  acetabulum. 
The  articular  cartilage  on  the  head  of  the  femur,  thicker  at  the  centre  than  at  the 
circumference,  covers  the  entire  surface  with,  the  exception  of  the  fovea  capitis 
femoris,  to  which  the  ligamentum  teres  is  attached;  that  on  the  acetabulum  forms 
an  incomplete  marginal  ring,  the  lunate  surface.  Within  the  lunate  surface  there 
is  a  circular  depression  devoid  of  cartilage,  occupied  in  the  recent  state  by  a  mass 
of  fat,  covered  by  synovial  membrane.    The  ligaments  of  the  joint  are: 

The  Articular  Capsule.  The  Pubocapsular. 

The  Iliofemoral.  The  Ligamentum  Teres  Femoris. 

The  Ischiocapsular.  The  Glenoidal  Labrum. 

The  Transverse  Acetabular 

The  Articular  Capsule  {capsula  articularis;  capsular  ligament)  (Figs.  442,  443). — 
The  articular  capsule  is  strong  and  dense.  Above,  it  is  attached  to  the  margin 
of  the  acetabulum  5  to  6  mm.  beyond  the  glenoidal  labrum  behind;  but  in  front, 
it  is  attached  to  the  outer  margin  of  the  labrum,  and,  opposite  to  the  notch  where 
the  margin  of  the  cavity  is  deficient,  it  is  connected  to  the  transverse  ligament, 
and  by  a  few  fibres  to  the  edge  of  the  obturator  foramen.  It  surrounds  the  neck 
of  the  femur,  and  is  attached,  in  front,  to  the  intertrochanteric  line;  above,  to  the 
base  of  the  neck;  behind,  to  the  neck,  about  1.25  cm.  above  the  intertrochanteric 
crest;  below,  to  the  lower  part  of  the  neck,  close  to  the  lesser  trochanter.  From 
its  femoral  attachment  some  of  the  fibres  are  reflected  upward  along  the  neck 
as  longitudinal  bands,  termed  retinacula.  The  capsule  is  much  thicker  at  the  upper 
and  forepart  of  the  joint,  where  the  greatest  amount  of  resistance  is  required; 
behind  and  below,  it  is  thin  and  loose.  It  consists  of  two  sets  of  fibres,  circular 
and  longitudinal.  The  circular  fibres,  zona  orbicularis,  are  most  abundant  at  the 
lower  and  back  part  of  the  capsule  (Fig.  463),  and  form  a  sling  or  collar  around  the 
neck  of  the  femur.  Anteriorly  they  blend  with  the  deep  surface  of  the  iliofemoral 
ligament,  and  gain  an  attachment  to  the  anterior  inferior  iliac  spine.  The  longi- 
tudinal fibres  are  greatest  in  amount  at  the  upper  and  front  part  of  the  capsule, 
where  they  are  reinforced  by  distinct  bands,  or  accessory  ligaments,  of  which  the 
most  important  is  the  iliofemoral  ligament.    The  other  accessory  bands  are  known 
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as  the  pabocapanlar  and  the  ischiocivsalar  liguaentB.  The  external  surface  of  the 
capsule  is  rough,  covered  b>'  numerous  muscles,  and  separated  in  front  from  the 
Psoas  major  and  Iliacus  by  a  bursa,  which  not  infrequenth'  communicates  by  a 
drcular  aperture  (Fig.  442)  with  the  cavity  of  the  joint. 

Tta  QiofemorAl  Ligament  [ligamenlum  iliofemorale;  Y-ligament;  ligament  of 
Bigelow)  (Fig,  461), — The  iliofemoral  ligament  is  a  band  of  great  strength  which 
lies  in  front  of  the  joint;  it  is  intimately  connected  with  the  capsule,  and  serves 
to  strengthen  it  in  this  situation.  It  is  attached,  above,  to  the  lower  part  of  the 
anterior  inferior  iliac  spine;  below,  it  <livides  into  two  bands,  one  of  which  parses 
ilownward  and  ia  fixed  to  the  lower  part  of  the  intertrochanteric  line;  the  other 
is  directed  downwarcl  and  lateralward  and  is  attached  to  the  upper  part  of  the 


same  line.  Between  the  two  bands  is  a  thinner  part  of  the  capsule.  In  some 
cases  there  is  no  division,  and  the  ligament  spreads  out  into  a  Hat  triangular  band 
which  is  attached  to  the  whole  length  of  the  intertrochanteric  line.  This  ligament 
ia  frequently  called  the  Y-shaped  ligament  of  Bigelow;  and  its  upper  band  is  some- 
times named  the  iliotrochanteric  ligament. 

The  Pabocapsulai  Ligament  (ligavieninm  jmboeapsulare;  pubofemoral  Ugament). — 
This  ligament  is  attached,  above,  to  the  obturator  crest  and  the  superior  ramus 
of  the  pubis;  below,  it  blends  with  the  capsule  and  with  the  deep  surface  of  the 
\ertical  band  of  the  iliofemoral  ligament. 

The  bchiocapsnl&i  Ligament  (ligameritvm  ischiorapsulare;  iarhiocaiisular  band; 
ligament  of  Bertin). — The  ischiocapsular  ligament  consists  of  a  triangular  band  of 
strong  fibres,  which  spring  from  the  ischium  below  and  behind  the  acetabulum, 
and  blend  with  the  circular  fibres  of  the  capsule. 
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The  Licamentnm  Teres  Femoris  (Fig.  462). — The  Ugamentum  teres  femorii^  is  a 
triangular,  somewhat  flattened  band  implanted  bj'  its  apex  into  the  antero-superior 
part  of  the  fovea  capitis  femoris;  its  base  is  attached  by  two  bands,  one  into  either 
sideof  the  acetabular  notch,and  between  these  bony  attachments  it  blends  with  the 
transverse  Ugament.  It  is  ensheathed  by  the  synovial  membrane,  and  varies  greatly 
in  strength  in  different  subjects;  occasionally  only  the  synovial  fold  exists,  and  in 
rare  cases  even  this  is  absent.  The  ligament  is  made  tense  when  the  thigh  is 
semiflexed  and  the  limb  then  adducted  or  rotated  outward ;  it  is,  on  the  other 
hand,  relaxed  when  the  limb  is  abducted.  It  has,  however,  but  little  influence  as  a 
ligament. 


Fio,  492.— Left  hip-joini.  opened  by  ramovina  the  floor  ot  ihe  aeotsbulum  from  within  the  ptlvii. 

The  Glenoidal  Lkbnim  {lahrum  gtenoidale;  cotyloid  ligavient). — The  glenoidal 
iabrum  is  a  flbrocartilaginous  rim  attached  to  the  margin  of  the  acetabulum,  the 
cavity  of  which  it  deepens;  at  the  same  time  it  protects  the  edge  of  the  bone,  and 
fills  up  the  inequalities  of  its  surface.  It  bridges  over  the  notch  as  the  tranBTerse 
ligament,  and  thus  forms  a  complete  circle,  which  closely  surrounds  the  head  of  the 
femur  and  assists  in  holding  it  in  its  place.  It  is  triangular  on  section,  its  base  being 
attached  to  the  margin  of  the  acetabulum,  while  its  opposite  edgfe  is  free  and 
sharp.  Its  two  surfaces  are  invested  by  synovial  membrane,  the  externaJ  one 
being  in  contact  with  the  capsule,  the  internal  one  being  inclined  inward  so  as 
to  narrow  the  acetabulum,  and  embrace  the  cartilaginous  surface  of  the  head  of 
the  femur.  It  is  much  thicker  above  and  behind  than  below  and  in  front,  and 
consists  of  compact  fibres. 

The  Transverse  Acetabular  Lifament  [hgamentum  transrermim  acetahvli;  transverse 
ligament). — This  ligament  is  in  reality  a  portion  of  the  glenoidal  Iabrum,  though 
differing  from  it  in  having  no  cartilage  cells  among  its  fibres.    It  consists  of  strong, 
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flattened  fibres,  which  cross  the  acetabular  notch,  and  convert  it  into  a  foramen 
through  which  the  nutrient  \e3sels  enter  the  joint. 

BTnoriil  Hsmbiuie  (Fig.  463). — The  synovial  cQembrane  is  very  extensive.  Commencing 
U  the  mvgiD  of  the  cartilaginous  surface  of  the  head  of  the  femur,  it  covers  the  portion  of  the 
Mtk  which  ia  cootained  within  the  joint;  from  the  neck  it  ia  reflected  on  the  internal  surface  of 
the  capsule,  covers  both  surfaces  of  the  glcnoid&l  labrum  and  the  mass  of  fat  contained  in  the 
ueprwian  at  the  bottom  of  the  acetabulum,  and  enaheaChes  the  ligamentum  teres  as  far  as  the 
had  of  the  femur.  The  joint  cavity  sometimes  communicates  through  a  hole  in  the  capsule 
between  the  vertical  band  of  the  iliofemoral  ligament  and  the  pubocapsular  l^ament  with  a  bursa 
siturted  on  the  deep  surfaces  of  the  Psoas  major  and  lliacus. 


Fia.  463.— Capnils  of  bip-inint  (diilendHl).     Foitcrior  upect. 

The  mtiKlM  in  relation  with  the  joint  are,  in  /ronl,  the  Psoas  major  and  lliacus,  separated 
fromthecapsuleby  abursa;afitwe,  the  reflected  head  of  the  Rectus  femoris  and  Glutaeus  minimus, 
the  litter  being  closely  adherent  to  the  capsule;  mediaIXy,  the  Obturator  extemus  and  Pectineus; 
hdand,  the  Piriformis,  Gemellus  superior.  Obturator  intemua,  Gemellua  inferior.  Obturator 
aionus,  and  Quadratus  femoris  (Fig.  464), 

The  vteilM  supplying  the  joint  are  derived  from  the  obturator,  medial  femoral  circumflex, 
lod  superior  and  inferior  gluteals. 

ThentrVM  are  articular  branches  from  the  sacral  plexus,  sciatic,  obturator,  accessory  obturator, 
and  s  filament  from  the  branch  of  the  femoral  supplying  the  Rectus  femoris. 

HOTanonta. — The  movements  of  the  hip  are  very  extensive,  and  consist  of  flexion,  extension, 
adduction,  abduction,  circumduct  ion,  and  rotation. 

The  length  of  the  neck  of  the  femur  and  its  inclinations  to  the  body  of  the  bone  have  the 
<fect  lA  converting  the  angular  movements  of  flexion,  extension,  adduction,  and  abduction  par- 
tiiUy  int*  rotatoiy  movem«its  in  the  joint.  Thus  when  the  thigh  is  flexed  or  extended,  the 
headtrf  the  femur,  on  account  of  the  merfiol  inclination  of  the  neck,  rotates  within  the  acetabulum 
■ith  only  a  sUgbt  amount  of  gliding  to  and  fro.  The  foniard  slope  of  the  neck  similarly  affects 
the  movementa  of  adduction  and  abduction.  Conversely  rotation  of  the  thigh  which  ia  permitted 
by  the  upuwd  inclination  of  the  neck,  is  not  a  simple  rotation  of  the  head  of  the  femur  in  the 
acetabulum,  but  is  accompanied  by  a  certain  amoimt  of  gliding. 
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The  hip-joint  presents  a  very  striking  contrast  to  the  shoulder-joint  in  the  much  more  com- 
plete mechanical  arrangements  for  its  security  and  for  the  limitation  of  its  movements.  la  the 
shoulder,  as  has  been  seen,  the  head  of  the  humerus  is  not  adapted  at  all  in  siie  to  the  glenoid 
cavity,  and  is  hardly  restrained  in  any  of  its  ordinary  movements  by  the  capsule.  In  the  hip- 
joint,  on  the  contrary,  the  head  of  the  femur  is  closely  fitted  to  the  acetabulum  for  an  area  extend- 
ing over  nearly  half  a  sphere,  and  at  the  margin  of  the  bony  cup  it  is  still  more  cloBely  embraced 
by  the  glenoidal  labrum,  so  that  the  head  of  the  femur  is  held  in  its  place  by  that  ligament  even 
when  the  fibres  of  the  capsule  have  been  quite  divided.  The  ihofemoral  ligament  is  the  strongest 
of  all  the  ligaments  in  the  body,  and  is  put  on  the  stretch  by  any  attempt  to  extend  the  femur 
beyond  a  straight  liac  with  the  trunk.  That  is  to  say,  this  tigamcnl  is  the  chief  agent  in  main- 
taining the  erect  position  without  muscular  fatigue;  for  a  vertical  line  passing  through  the  centre 
of  gravity  of  the  trunk  falls  behind  the  centres  of  rotation  in  the  hip-joints,  and  therefore  the 
pelvis  tends  to  fall  backward,  but  is  prevented  by  the  tension  of  the  ihofemoral  Ugaments,  The 
security  of  the  joint  may  be  provided  for  also  by  the  two  bones  being  directly  united  through  the 
Ugamentum  teres;but  it  is  doubt ful  whether  thbliganient  has  much  influence  upon  the  mechanism 

Femoral  artery 


ot  the  joint.  When  the  knee  is  flexed,  flexion  of  the  hip-jomt  is  arrested  by  the  soft  parts  of  the 
thigh  and  abdomen  being  brought  into  contact,  and  when  the  knee  is  extended,  by  the  action  of 
the  hamstring  muscles;  extension  is  checked  by  the  tension  of  the  iliofemoral  ligament;  adduc- 
tion by  the  thighs  coining  into  contact;  adduction  with  flexion  by  the  lateral  band  of  the  ilio- 
femoral ligament  and  the  lateral  part  of  the  capsule,  abduction  by  the  medial  band  of  the 
iliofemoral  ligament  and  the  pubocapsular  ligament,  rotation  outward  by  the  lateral  band  of  the 
iliofemoral  ligament;  and  rotation  inward  by  the  isihiocapsular  ligament  and  the  hinder  part  of 
the  capsule.  The  muscles  which  ^cr  the  femur  on  the  pelvis  are  the  Psoas  major,  lUacus,  Rectus 
temoris,  Sartorius,  Pectincus,  Adductores  longus  and  brevis,  and  the  anterior  fibres  of  the  Glutaei 
medius  and  minimus.  Extension  is  mainly  performed  by  the  Glutaeus  maximus,  assisted  by  the 
hamstring  muscles  and  the  ischial  head  of  the  Adductor  mognus.  The  thigh  is  adducted  by  the 
Adductores  magiuis,  longus,  and  brevis,  the  Pectineus,  the  Gracilis,  and  lower  part  of  the  Glutaeus 
maximus,  and  aMucled  by  the  Glutoei  medius  and  minimus,  and  the  upper  part  of  the  Glutaeus 
maximus.  The  muscles  which  rotate  the  thigh  inward  arc  the  Glutaeus  minimus  and  the  anterior 
fibres  of  the  Glutaeus  medius,  the  Tensor  fasciae  latae  and  the  lliacus  and  Psoas  major;  while 
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thoM  which  rotate  it  mUieard  arc  the  posterior  fibres  of  the  Glutoeiu  mediuii,  the  Pirifonnis, 
Obtucstoree  extemus  and  intemus,  Gemclli  superior  and  inferior,  QutidratuB  femoriii,  tilutaeuB 
muiinus,  the  Adductores  longUB,  brevia,  and  magniiB,  the  Fectineua,  and  the  iSartorius. 

ipplied  Automy. — In  dislocation  of  the  hip,  "the  head  of  the  thigh  bone  may  rest  at  any 
point  around  its  socket"  (Bryant);  but  whatever  poEition  it  ultimately  oaeumcs,  the  primary 
displacement  ia  generally  downward  and  medialward,  the  capsule  giving  way  at  its  weakest— 
that  ia,  its  lower  and  medial— part.    The  situation  that  the  head  of  the  bone  subsequently  aseumee 
is  deteimined  by  the  degree  of  fleicioa  or  extension,  and  of  outward  or  inward  rotation  of  the 
thigh  at  the  moment  of  luxation,  influenced,  no  doubt,  by  the  ihofemoral  ligament,  which  is  not 
Easily  ruptured.     When,  for  instance,  the  head  of  the  bone  is  forced  backward,  this  ligament 
forma  a  Sxed  axis,  around  which  the  head  of  the  bone  rotates,  and  is  thus  driven  on  to  the  dorsum 
of  the  ilium.    The  iliofemoral  ligament  also  influences  the  position  of  the  thigh  in  the  various 
dislocations;  in  the  dislocations  backward  it  is  tense,  and  produces  inversion  of  the  limb;  in  the 
dislocation  on  to  the  pubis,  it  is  relaxed,  and  therefore  allows  the  external  rotators  to  evert  the 
tbigh;  while  in  dislocation  into  the  obturator  foramen  it  is  tense,  and  produces  flexion.     The 
miuclee  inserted  into  the  upper  part  of  the  femur,  with  the  exception  of  the  Obturator  intemus, 
have  very  little  direct  influence  in  determining  the  position  of  the  head  of  the  bone.     Bigelow, 
however,  has  endeavored  to  show  that  the  Obturator  intemus  is  the  principal  agent  in  deciding 
Thether,  in  the  backward  dislocations,  the  head  of  the  bone  shall  be  ultimately  lodged  on  the 
dorsum  of  the  ilium,  or  in  or   near  the  greater  sciatic 
notch;  in  lx>th  dislocations  the  head  passes,  in  the  first 
instance,  in  the  same  direction;  but,  aa  Bigelow  asserts, 
in  the  displacement  on  to  the  dorsum  the  head  of  the 
bone  travels  up  behind  the  acetabulum,  in  front  of  the 
muscle;  while  in  the  dislocation  into  the  greater  sciatic 
notch  the  head  passes  behind  the  miucle,  and  is  pre- 
vented from  reaching  the  dorsum,  in  consequence  of  the 
lendoD  of  the  muscle  arching  over  the  neck  of  the  bone, 
and  it  therefore   remains  in   the  neighborhood  of   the 
notch.   Bigelow  distinguisheti  these  two  forms  of  dis- 
location by  describing  them  as  dislocations  backward, 
"above  and  below"  the  Obturator  intemus. 

The  ihofemoral  ligament  is  rarely  torn  in  dislocations 
ij  the  hip,  and  this  fact  is  taken  advantage  of  by  the 
auifeon  in  reducing  these  dislocations  by  manipulation. 
ft  is  mode  to  act  as  the  fulcrum  to  a  lever,  of  which 
the  long  arm  is  the  body  of  the  femur,  and  the  short 
ann  the  neck  of  the  bone  (Fig.  465). 

The  hip-joint  is  rarely  the  seat  of  acute  synovitis 
from  injury,  on  account  of  its  deep  iMsition  and  its 
thick  covering  ot  soft  parts.  Acute  inflanunation  may, 
and  does,  frequently  occur  as  the  result  of  bacterial 
infections,  as  in  rheumatism,  pyemia,  etc.  When,  in 
tbew  cases,  effusion  takes  place,  and  the  joint  is  dis- 
tended with  fluid,  the  swelling  is  not  very  easy  to  detect 
on  account  of  the  thickness  of  the  capsule  and  the  depth 
of  ihe  articulation.  It  is  principally  to  be  found  on  the 
front  of  the  joint,  just  medial   to  the   iliofemDral  ligo-  ( 

nienl;  or  behind,  at  the  lower  and  back  part.  In  these  f,o  4«,ii,— HLp-jmni,  ghovlni  ih»  iliofemoral 
iKo  places  the  capsule  is  thinner  than  elsewhere,    Dis-  JigHtneni.    (Afwr  Bigdijiir.) 

case  of  the  hip-joint  is  much  oftcnerof  a  chronic  char- 

KXa,  and  is  usually  of  tuberculous  origin.  It.  begins  usually  in  the  bone,  and,  in  most  coses, 
in  the  growing,  highly  vascular  tissue  in  the  neighborhood  of  the  epiphysial  cartilage  of  the 
femoral  head.  In  this  respect  it  differs  very  materially  from  tuberculous  arthritis  of  the  knee, 
■'here  the  disease  usually  commences  in  the  synovial  membrane. 

In  chronic  hip  disease  the  affected  limb  assumes  an  altered  position,  the  cause  of  which  it  is 
important  to  understand.  In  the  early  stage  of  a  typical  case,  the  limb  is  flexed,  abducted,  and 
njtated  outward.  In  this  position  all  the  ligaments  of  the  joint  are  relaxed;  the  front  of  the 
capsule  by  flexion;  the  lateral  band  of  the  ihofemoral  hgament  by  abduction;  and  the  medial 
band  of  this  ligament  and  the  back  of  the  capsule  by  rotation  outward.  It  is,  therefore,  the 
pwition  of  greatest  ease.  The  condition  is  not  quite  obvious  at  first,  upon  examining  a  patient. 
If  the  patient  be  laid  in  the  supine  position,  the  affected  limb  wiU  be  found  to  be  extended  and 
parallel  with  the  other.  But  it  will  be  seen  that  the  pelvis  is  tilted  downward  on  the  diseased 
aide  and  the  limb  apparently  longer  than  its  fellow,  and  that  the  lumbar  portion  of  the  vertebral 
ralumn  is  arched  forward  (lordosis).  The  condition  is  thus  explained:  a  limb  which  is  flexed 
ind  abducted  ie  obviously  useless  for  progression,  and  in  order  to  overcome  the  difficulty  the 
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patient  depresses  the  affected  side  of  his  pelvis,  thus  producing  parallelism  of  his  limbs,  and  at 
the  same  time  rotates  his  pelvis  on  its  transverse  horizontal,  axis,  so  as  to  direct  the  limb  down- 
ward, instead  of  forward.  In  the  later  stages  of  the  disease  the  limb  becomes  flexed  and  adducted 
and  inverted.  This  position  probably  depends  upon  muscular  action,  at  all  events  as  regards 
the  adduction.  The  Adductor  muscles  are  supplied  by  the  obturator  nerve,  which  also  largely 
supplies  the  joint.  These  muscles  are  therefore  thrown  into- reflex  spasm  by  the  irritation  of 
the  peripheral  termmations  of  this  nerve  in  the  inflamed  articulation. 

Osteoarthritis  is  common  in  the  hip-joint,  and  more  so  in  the  male  than  in  the  female,  in  whom 
the  knee-joint  is  more  frequently  affected.  It  is  a  disease  of  middle  age  or  advanced  life.  When 
much  deformity  is  associated  with  chronic  osteoarthritis  the  condition  is  spoken  of  as  arihrUis 
deformans  of  the  hipf  or  morbus  coxae  senilis.  The  head  of  the  femur  is  worn  away,  and  after  it 
often  the  neck  too,  until  a  new  irregular  articular  surface  is  produced,  around  which  a  new  forma- 
tion of  bone  occurs,  and  also  about  the  edges  of  the  acetabulum,  which  is  widened  and  eroded 
by  a  similar  chronic  process.  Pain  in  the  joint,  shortening  of  the  limb,  and  great  limitation  of 
movement  result,  with  much  creaking  and  grating  when  the  joint  is  moved. 

Congenital  dislocation  is  more  commonly  met  with  in  the  hip-joint  than  in  any  other  articula- 
tion. The  displacement  usually  takes  place  on  to  the  dorsum  ilii.  It  gives  rise  to  extreme  lordosis 
and  a  waddling  gait  is  noticed  as  soon  as  the  child  conunences  to  walk. 

Excision  of  the  hip  may  be  required  for  disease  or  for  injury,  especially  gunshot.  It  may  be 
performed  either  by  an  anterior  or  a  posterior  incision.  The  former  entails  less  interference  with 
important  structures,  especially  muscles,  than  the  latter,  but  permits  of  less  efficient  drainage. 
In  the  operation  from  the  front,  an  incision  is  made  8  to  10  cm.  in  length,  starting  immediately 
below  and  lateral  to  the  anterior  superior  iliac  spine,  downward  between  the  Sartorius  and  Tensor 
fasciae  latae,  to  the  neck  of  the  bone,  dividing  the  capsule  at  its  upper  part.  The  neck  of  the 
femur  is  then  divided,  and  the  head  of  the  bone  extracted.  All  diseased  tissue  is  carefully  removed 
with  a  sharp  spoon  or  scissors,  and  the  cavity  thoroughly  flushed  out  with  a  hot  antiseptic  or 
sterile  fluid.  The  posterior  method  consists  in  making  an  incision  8  to  10  cm.  long  commencing 
midway  between  the  top  of  the  greater  trochanter  and  the  iliac  crest,  and  extending  down  the 
posterior  border  of  the  trochanter.  The  muscles  are  detached  from  the  greater  trochanter,  and 
the  capsule  opened  freely.  The  head  and  neck  are  freed  from  the  soft  parts  and  as  much  affected 
bone  removed  as  is  thought  necessary.   The  head  of  the  bone  is  then  levered  out  of  the  acetabulum. 

n.    The  Knee-joint  (Articulatio  Genu). 

The  knee-joint  was  formerly  described  as  a  ginglymus  or  hinge-joint,  but  is 
really  of  a  much  more  complicated  character.  It  must  be  regarded  as  consisting 
of  three  articulations  in  one:  two  condyloid  joints,  one  between  each  condyle 
of  the  femur  and  the  corresponding  meniscus  and  condyle  of  the  tibia;  and  a  third 
between  the  patella  and  the  femur,  partly  arthrodial,  but  not  completely  so, 
since  the  articular  surfaces  are  not  mutually  adapted  to  each  other,  so  that  the 
movement  is  not  a  simple  gliding  one.  This  view  of  the  construction  of  the  knee- 
joint  receives  confirmation  from  the  study  of  the  articulation  in  some  of  the  lower 
mammals,  where,  corresponding  to  these  three  subdivisions,  three  synovial  cavities 
are  sometimes  found,  either  entirely  distinct  or  only  connected  together  by  small 
communications.  This  view  is  further  rendered  probable  by  the  existence  in  the 
middle  of  the  joint  of  the  two  cruciate  ligaments,  which  must  be  regarded  as 
the  collateral  ligaments  of  the  medial  and  lateral  joints.  The  existence  of  the 
patellar  fold  of  synovial  membrane  would  further  indicate  a  tendency  to  separa- 
tion of  the  synovial  cavity  into  two  minor  sacs,  one  corresponding  to  the  lateral 
and  the  other  to  the  medial  joint. 

The  bones  are  connected  together  by  the  following  ligaments:    ■ 

The  Articular  Capsule.  The  Anterior  Cruciate. 

The  Ligamentum  Patellae.  The  Posterior  Cruciate. 

The  Oblique  Popliteal.  The  Medial  and  Lateral  Menisci. 

The  Tibial  Collateral.  The  Transverse. 

The  Fibular  Collateral.  '     The  Coronary. 

The  Articular  Capsule  {capsula  articularis;  capsular  ligament)  (Fig.  466). — ^The 
articular  capsule  consists  of  a  thin,  but  strong,  fibrous  membrane  which  is  strength- 
ened in  almost  its  entire  extent  by  bands  inseparably  connected  with  it.    Above 
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and  in  front,  beneath  the  tendon  of  the  Quadriceps  femoris,  it  Is  represented  only 
by  the  sj-noviai  membrane.     Its  chief  strengthening  bands  are  derived  from  the 
fisdft  lat&  and  from  the  tendons  surrounding  the  joint.     In  front,  expansions 
from  the  Yasti  and  from  the  fascia  lata  and  its  iliotibial  band  iill  in  the  intervals 
between  the  anterior  and  collateral  ligaments,  constituting  the  medial  and  lateral 
pitellsi  retinacnla.     Behind  the  capsule  consists  of  vertical  fibres  which  arise 
from  the  condyles  and  from  the  sides  of  the  intercondyloid  fossa  of  the  femur; 
the  posterior  part  of  the  capsule  is  therefore 
situated  on  the  sides  of  and  in  front  of  the 
miciate  ligaments,  which  are  thus  excluded  from 
the  joint  cavity.    Behind  the  cruciate  ligaments 
is  the  oblique  popliteal  ligament  which  is  aug- 
mented by  fibres  derived  from  the  tendon  of  the 
Semimembranosus.     Laterally,    a     prolongation 
from  the  iliotibial  band  fills  in  the  interval  be- 
tween the  oblique  popliteal  and  the  fibular  collat- 
eraJ  ligaments,    and    partly   covers  the    latter. 
Medially,   expansions   from    the    Sartorius  and 
Semimembranosus   pass    upward    to  the   tibial 
collateral  ligament  and  strengthen  the  capsule. 

The  LifaBwntam  Patellae  {anterior  ligament) 
(Fig.  466). — The  ligamentum  patellae  is  the  cen- 
tral portion  of  the  common  tendon  of  the  Quad- 
riceps femoris,  which  is  continued  from  the 
patella  to  the  tuberosity  of  the  tibia.  It  is  a 
strong,  flat,  ligamentous  band,  about  8  cm.  in 
length,  attached,  above,  to  the  apex  and  adjoin- 
ing margins  of  the  patella  and  the  rough  depres- 
sion on  its  posterior  surface;  behw,  to  the 
tuberosity  of  the  tibia;  its  superficial  fibres  are 
continuous  over  the  front  of  the  patella  with 
those  of  the  tendon  of  the  Quadriceps  femoris. 
The  medial  and  lateral  portions  of  the  tendon 
of  the  Quadriceps  pass  down  on  either  side  of 
the  patella,  to  be  inserted  into  the  upper  extremity 

of  Uie tibia  on  either  side  of  the  tuberosity;  these       *^"''  **'-— ^''•'"^^^J''""-  *n»riDt 
portions  merge  into  the  capsule,  as  stated  above, 

formmg  the  medial  and  lateral  patellar  retinacula.  The  posterior  surface  of  the 
ligamentum  patellae  is  separated  from  the  synovial  membrane  of  the  joint  by  a 
large  infrapatellar  pad  of  fat,  and  from  the  tibia  by  a  bursa. 

The  Oblique  FopUteal  Ligament  {ligaTnenium  •popliteum  obliquum;  poalerior  liga- 
iwai)  (Fig.  467). — This  ligament  is  a  broad,  flat,  fibrous  band,  formed  of  fasciculi 
separated  from  one  another  by  apertures  for  the  passage  of  vessels  and  nerves. 
It  is  attached  above  to  the  upper  margin  of  the  intercondyloid  fossa  and  posterior 
surface  of  the  femur  close  to  the  articular  margins  of  the  condyles,  and  below  to 
the  posterior  margin  of  the  head  of  the  tibia.  Superficial  to  the  main  part  of  the 
ligament  is  a  strong  fasciculus,  derived  from  the  tendon  of  the  Semimembranosus 
and  passing  from  the  back  part  of  the  medial  condyle  of  the  tibia  obliquely  upward 
and  lateralward  to  the  back  part  of  the  lateral  condyle  of  the  femur.  The  oblique 
popliteal  ligament  forms  part  of  the  floor  of  the  popliteal  fossa,  and  the  popliteal 
artery  rests  upon  it. 

The  TiMal  CoUateral  Ligament  {ligamentum  collaierale  tibiak;  internal  lateral  liga- 
ment) (Fig.  466).— The  tibial  collateral  is  a  broad,  flat,  membranous  band,  situated 
nearer  to  the  back  than  to  the  front  of  the  joint.    It  is  attached,  ahore,  to  the  medial 
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condyle  of  the  femur  immediately'  below  the  adductor  tubercle ;  below,  to  the  medial 
condyle  and  medial  surface  of  the  body  of  the  tibia.  The  fibres  of  -the  posterior 
part  of  the  ligament  are  short  and  incline  backward  as  they  descend;  they  are 
inserted  into  the  tibia  above  the  groove  for  the  Semimembranosus.  The  anterior 
part  of  the  ligament  Is  a  flattened  band,  about  10  cm.  long,  which  inclines  forward 
as  it  descends.  It  is  inserted  into  the  medial  surface  of  the  body  of  the  tibia  about 
2.5  cm.  below  the  level  of  the  condyle.  It  is  crossed,  at  its  lower  part,  by  the 
tendons  of  the  Sartorius,  Gracilis,  and  Semitendinosus,  a  bursa  being  interposed. 
Its  deep  surface  covers  the  inferior  medial  genicular  vessels  and  nerve  and  the 
anterior  portion  of  the  tendon  of  the  Semimembranosus,  with  which  it  is  connected 
by  a  few  fibres;  it  is  intimately  adherent  to  the  medial  meniscus. 


Fio.  467,-Iligbt  ki.«-i™nt.     PwUrior  view,  Flo.  40«,-Ru(ht  ^J^'";'',^  ™(^"  '™'"- 

The  Fibular  Collateral  Lijament  {ligavientum  coUatprak  fibulare;  extsmal  lateral  or 
long  external  lateral  ligament)  (Fig.  469)  .—The  fibular  collateral  is  a  strong,  rounded, 
fibrous  cord,  attached,  above,  to  the  back  part  of  the  lateral  condyle  of  the  femur, 
immediately  above  the  groove  for  the  tendon  of  the  Popliteus;  below,  to  the  lateral 
side  of  the  head  of  the  fibula,  in  front  of  the  st\  loid  process.  The  greater  part  of 
its  lateral  surface  is  covered  by  the  tendon  of  the  Biceps  femoris;  the  tendon, 
however,  divides  at  its  insertion  into  two  parts,  which  are  separated  by  the  lign- 
ment.  Deep  to  the  ligament  are  the  tendon  of  the  Popliteus,  and  the  inferior 
lateral  genicular  vessels  and  nerve.  The  ligament  has  no  attachment  to  the  lateral 
meniscus. 

An  inconstant  bundle  of  fibres,  the  >hort  flbnlu  colUter*!  BBMnMt,  is  placed  behind  and 
parallel  with  thp  precpding,  attached,  above,  to  the  lower  and  back  part  of  the  lateral  condyle 
of  the  femur;  btlou;  to  the  summit  of  the  styloid  process  of  the  fibula.  Passing  deep  to  it  are 
the  tendon  of  the  Popliteus,  and  the  inferior  lateral  genicular  vessels  and  ncr\e. 
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Ttw  Cruciate  Ligaments  {ligamenta  cruciata  genu;  crucial  ligamenls)  .—TYie  cru- 
ciate ligaments  are  of  considerable  stren^h,  situated  in  the  middle  of  the  joint, 
nearer  to  its  posterior  than  to  its  anterior  surface.  They  are  called  cruciate  because 
tliey  cross  each  other  somewhat  like  the  lines  of  the  letter  X;  and  have  received 
the  names  anteriw  and  posterior,  from  the  position  of  their  attachments  to  the 
tibia. 

The  Anterior  Cruciate  Ligament  {ligamentum  cruciaium  anierius;  external  crucial 
iigamnt)  (Fig.  468)  is  attached  to  the  depression  in  front  of  the  intercondyloid 
eminence  of  the  tibia,  being  blended  with  the  anterior  extremity  of  the  lateral 
iDeniscus ;  it  passes  upward,  backward,  and  lateralward,  and  is  fixed  into  the  medial 
jnd  back  part  of  the  lateral  condyle  of  the  femur. 
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The  Posterior  Craciate  Ligament  {ligamentum  crueiatum  })osteri\is;  internal  crucial 
ligament)  (Fig.  469)  is  stronger,  but  shorter  and  less  oblique  in  its  direction,  than 
the  anterior.  It  is  attached  to  the  posterior  intercond>lDid  fossa  of  the  tibia,  and 
to  the  posterior  extremity  of  the  lateral  meniscus;  and  passes  upward,  forward, 
and  medialward,  to  be  fixed  into  the  lateral  and  front  part  of  the  medial  condyle 
if  the  femur. 

The  Menisci  {aemihmar  fibrocarlilages)  (Fig.  470). — The  menisci  are  two  crescentic 
lamellw,  which  ser\e  to  deepen  the  surfaces  of  the  head  of  the  tibia  for  articulation 
«"ith  the  cond\les  of  the  femur.  The  peripheral  border  of  each  meniscus  is  thick, 
wnvex,  and  attached  to  the  inside  of  the  capsule  of  the  joint;  the  opposite  border 
is  thin,  concave,  and  free.  The  upper  surfaces  of  the  menisci  are  concave,  and 
in  contact  with  the  condyles  of  the  femur;  their  lower  surfaces  are  flat,  and  rest 
upon  the  head  of  the  tibia;  both  surfaces  are  smooth,  and  in\ested  by  synovial 
membrane.  Each  meniscus  C(>\ers  approximately  the  peripheral  two-thirds  of 
the  corresponding  articular  surface  of  the  tibia. 

0 
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The  medial  menuciu  (jneniacua  medialie;  internal  aemilujiaT  fibrocartiJage)  is 
nearly  semicircular  in  form,  a  little  elongated  from  before  backward,  and  broader 
behind  than  in  front;  its  anterior  end,  thin  and  pointed,  is  attached  to  the  anterior 
intercondyloid  fossa  of  the  tibia,  in  front  of  the  anterior  cruciate  ligament;  its 
posterior  end  is  fixed  to  the  posterior  intercondyloid  fossa  of  the  tibia,  between 
the  attachments  of  the  lateral  meniscus  and  the  posterior  cruciate  ligament. 

Anterior  crueiatt  Ji(M»n«n*  Tmnavertt  ligamtnl 


Fio.  470.-~Heiid  ol  rilhl  Cibii  Men  from  nbove.  ihowloE  meatB^  and  sttu^bmeaU  of  liomeoU. 

The  lateral  meniscos  (msnisims  lateralis;  external  semilunar  fibrocartUage)  is  nearly 
circular  and  covers  a  larger  portion  of  the  articular  surface  than  the  medial  one. 
It  is  grooved  laterally  for  the  tendon  of  the  Popliteus,  which  separates  it  from  the 
fibular  collateral  ligament.  Its  anterior  end  is  attached  in  front  of  the  intercon- 
dyloid eminence  of  the  tibia,  lateral  to,  and  behind,  the  anterior  cruciate  ligament, 
with  which  it  blends;  the  posterior  end  is  attached  behind  the  intercondyloid 
eminence  of  the  tibia  and  in  front  of  the  posterior  end  of  the  medial  meniscus. 
The  anterior  attachment  of  the  lateral  meniscus  is  twisted  on  itself  so  that  its 
free  margin  looks  backward  and  upward,  its  anterior  end  resting  on  a  sloping 
shelf  of  bone  on  the  front  of  the  lateral  process  of  the  intercondyloid  eminence. 
Close  to  its  posterior  attachment  it  sends  off  a  strong  fasciculus,  the  ligament  of 
Wriabeig  (Figs.  469,  470),  which  passes  upward  and  medialward,  to  be  inserted 
into  the  medial  condyle  of  the  femur,  immediately  behind  the  attachment  of  the 
posterior  cruciate  ligament.  Occasionally  a  small  fasciculus  passes  forward  to 
be  inserted  into  the  lateral  part  of  the  anterior  cruciate  ligament.  The  lateral 
meniscus  gives  off  from  its  anterior  convex  margin  a  fasciculus  which  forms  the 
transverse  ligament. 

The  Transverse  Ligament  {ligamenium  tranateTsum  genu). — The  transverse  liga- 
ment connects  the  anterior  convex  margin  of  the  lateral  meniscus  to  the  anterior 
end  of  the  medial  meniscus;  its  thickness  varies  considerably  in  different  subjects, 
and  it  is  sometimes  absent. 

The  coronary  ligaments  are  merely  portions  of  the  capsule,  which  connect  the 
periphery-  of  each  meniscus  with  the  margin  of  the  head  of  the  tibia. 

Srnorial  Membrane. — The  synovial  membrane  of  the  kDee-joint  is  the  largest  and  moet  exten- 
sive in  the  body.  Commencing  at  the  upper  border  of  the  patella,  it  forms  a  large  cul-de-eac 
beneath  the  Quadriceps  femoris  (Figs.  471,  472)  on  the  lower  part  of  the  front,  of  the  femur, 
and  frequently  communicates  with  a  butsa  interposed  between  the  tendon  and  the  front  of  the 
femur.  The  pouch  of  synovial  membrane  between  the  Quadriceps  and  front  of  the  femur  is 
supported,  during  the  movements  of  the  knee,  by  a  small  muscle,  the  Articularis  genu,  which 
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ii  mserted  into  it.  On  either  side  of  the  patella,  the  synovial  membrane  extends  beneath  the 
tponeuroses  of  the  Vaati,  and  more  especially  beneath  that  of  the  Vastus  medialis.  Below  the 
patella  it  is  separated  from  the  ligamentum  patellae  by  a  considerable  quantity  of  fat,  known  as 
the  t«*i*ft«ii«i-  p4d.  From  the  medial  and  lateral  borders  of  the  articular  surface  of  the  patella, 
reduplications  of  the  synovial  membrane  project  into  the  interior  of  the  joint.  These  form  two 
(huge-like  folds  termed  the  aUi  IdUb;  below,  these  folds  converge  and  are  continued  as  a  single 
bud,  the  pateUu  fold  (fi^amenJummuciMUTn),  to  the  front  of  the  intercondyloid  fossa  of  the  femur. 
On  either  aide  of  the  joint,  the  synovial  membrane  passes  downward  from  the  femur,  lining  the 
cipsule  to  its  point  of  attachment  to  the  menisci;  it  may  then  be  traced  over  the  upper  surfaces 
of  these  to  their  free  borders,  and  thence  along  their  under  suifacee  to  the  tibia  (Figs.  472,  473). 
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Fia.  471.~8acilUl  HCtion  of  ri«bl  koee-jorDt. 

At  the  back  part  of  the  lateral  meniscus  it  forms  a  cul-de-sac  between  the  groove  on  its  surface 
■od  the  tendon  of  the  Fopliteus;  it  is  refiected  across  the  front  of  the  cruciate  ligaments,  which 

•re  therefore  situated  outside  the  synovial  cavity. 

BnmB. — The  buisce  near  the  knee-joint  are  the  following:  In  front  there  are  four  burste:  a 
l*rge  one  is  interposed  between  the  patella  and  the  skin,  a  small  one  between  the  upper  part  of 
the  tihia  and  the  hgamentum  patellae,  a  third  between  the  lower  part  of  the  tuberoaity  of  the 
tftna  and  the  akin,  and  a  fourth  between  the  anterior  surface  of  the  lower  part  of  the  femur  and 
the  deep  surface  of  the  Quadriceps  femoris,  usually  communicating  with  the  knee-joint.  Laterally 
Ifcere  are  four  bursffi;  (1)  one  (which  sometimes  communicates  with  the  joint)  between  the 
lateral  head  of  the  Gastrocnemius  and  the  capsule;  (2)  one  between  the  fibular  collateral  ligament 
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and  the  tendon  of  the  Biceps;  (3)  one  betwe^-n  the  fibular  collateral  ligament  and  the  tendoa  o[ 
the  Popliteus  (this  ia  sometimes  ooly  an  expansion  from  the  next  bursa);  (4)  one  between  the 
tendon  of  the  Pophteus  and  the  lateral  condyle  of  the  femur,  usually  an  extenaion  from  the 
synovial  membrane  of  the  joint.  Medially,  there  are  five  bursts:  (1)  one  between  the  medial 
head  of  the  Gastrocnemius  and  the  capsule;  this  sends  a  prolongation  between  the  tendon  of  the 
medial  head  of  the  Gastrocnemius  and  the  tendon  of  the  Semimembranosus  and  often  commuiu- 
cates  with  the  joint;  (2)  one  superficial  to  the  tibial  collateral  ligament,  between  it  and  the  tendons 
of  the  Sartorius,  Gracilis,  and  Semi  tend  inosus;  (3)  one  deep  to  the  tibial  collateral  ligament, 
between  it  and  the  tendon  of  the  Semimembranosus  (this  is  sometimes  only  an  eicp^nsion 
from  the  next  bursa);  (4)  one  between  the  tendon  of  the  Semimembranoeus  and  the  head  of 
the  tibia;  (5)  occasionally  there  is  a  bursa  between  the  tendons  of  the  Semimembranosus  imd 
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Fia.  472.— Cspaule  <>t  riidit  knpc-jolnl  (diou ndcd).     r.atiTal  upect. 

Stractures  Aronnd  theJwnt.— In  front,  and  at  the  sidea,  is  Ihe  Quadriceps  femoris;  laterally 
the  tendons  of  the  Biceps  femoris  and  Popliteua  and  Ihc  common  peroneal  nerve;  medially, 
the  Sartorius,  Gracilis,  Semitendinosus,  and  Semimembranosus;  behind,  the  popUteal  vessels. 
and  the  tibial  nerve,  Popliteus,  Plantaris,  and  medial  and  lateral  heads  of  the  Gastrocaemius, 
some  lymph  glands,  and  fat. 

The  ftrteriea  supplying  the  joint  are  the  highest  genicular  (anastomotica  magna),  &  branch 
of  the  femoral,  the  genicular  branches  of  the  popUteal,  the  recurrent  branches  of  the  aoterior 
tibial,  and  the  descending  branch  from  the  lateral  femoral  circumflex  of  the  profunda  femoris. 

The  noiVM  are  derived  from  the  obturator,  femoral,  tibial,  and  common  peroneal. 

Movoments.^The  movements  which  take  plaee  at  the  knee-joint  are  flexion  and  exteusion, 
and.  in  certain  positions  of  the  joint,  internal  and  external  rotation.  The  movements  of  flexion 
and  extension  al  this  joint  difler  from  those  in  a  typical  hinge-joint,  such  as  the  elbow,  in  that 
(a)  the  axis  around  which  motion  takes  place  is  not  a  fixed  one,  but  shifts  forward  during  extension 
and  backward  during  flexion;  (b)  the  commencement  of  flexion  and  the  end  of  extension  are 
accompanied  by  rotatory  movements  asriociated  with  the  fixation  of  the  limb  in  a  position  of 
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Kre&t  alability.     The  movement  from  full  flexion  to  full  cxtensioD  may  therefore  be  described 
ID  three  phases; 

1,  Id  the  fully  flexed  condition  the  posterior  parts  of  the  femoral  condyles  rest  on  the  corre- 
Bponding  portions  of  the  meniscotibial  surfaces,  and  in  this  position  a  slight  amount  of  eimple 
roUmg  movement  is  allowed. 

2.  During  the  passage  of  the  limb  from  the  flexetl  to  the  extcndt.il  position  a  gliding  movement 
is  wperpoeed  on  the  roUing,  no  that  the  axis,  which  at  the  commencement  is  represented  by  ii 
line  through  the  inner  and  outer  condyles  of  the  femur,  gradually  shifts  forward.  In  this  part 
of  the  movement,  the  posterior  two-thirds  of  the  tibial  ajrticular  surfaces  of  the  two  femoral 
condyke  are  involved,  and  as  these  have  similar  curvatures  and  are  parallel  to  one  another,  they 
move  fwward  equally. 


3.  The  lateral  condyle  of  the  femur  is  brought  almost  to  rest  by  the  tightening  of  the  anterior 
minale  ligamenti  it  moves,  however,  slightly  forward  and  medialward,  pushing  before  it  the 
^terior  part  of  the  lateral  meniscus.  The  tibial  surface  on  the  medial  condyle  is  prolonged 
firther  forward  than  that  on  the  lateral,  and  this  prolongation  is  directed  lateralward.  When, 
iWdore,  the  movement  forward  of  the  condyles  is  checked  by  the  anterior  cruciate  hgamenl, 
cODtinued  muscular  action  causes  the  medial  condyle,  dragging  with  it  the  meniscus,  to  travel 
bukward  and  medicdward,  thus  producing  an  internal  rotation  of  the  thigh  on  the  leg.  When 
the  position  of  full  extension  is  reached  the  lateral  part  of  the  groove  on  the  lateral  condyle  is 
pmaed  against  the  anterior  part  of  the  corresponding  meniscus,  while  the  medial  part  of  the 
groove  nste  on  the  articular  margin  in  front  of  the  lateral  process  of  the  tibial  intercoadyloid 
eminence.  Into  the  groove  on  the  medial  condyle  is  fitted  the  anterior  part  of  the  medial  meniscuB, 
while  the  anterior  cruciate  Ugament  and  the  articular  margin  in  front  of  the  medial  process  of 
the  tibial  intercondyloid  eminence  are  received  into  the  forepart  of  the  intercondyloid  fossa  of 
the  femur.  This  third  phase  by  which  aQ  these  parts  are  brought  into  accurate  apposition  is 
known  as  the  "screwing  home,"  or  locking  movement  of  the  joint. 

The  complete  movement  of  flexion  is  the  converse  of  that  described  above,  and  is  therefore 
preceded  by  an  external  rotation  of  the  femur  which  unlocks  the  extended  joint. 

The  axes  around  which  the  movements  of  flexion  and  extension  take  place  are  not  precisely 
at  rigj)t  angles  to  either  bone;  in  flexion,  the  femur  and  tibia  are  in  the  same  plane,  but  in  exten- 
aoa  the  one  bone  forms  an  angle,  opening  lateralward  with  the  other. 
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Id  addition  to  the  rotatory  movements  associated  with  the  completioD  of  extfiosioD  and  the 
initiation  of  flexion,  rotation  inward  or  outward  can  be  effected  when  the  joint  is  partially  flexed: 
these  movements  take  place  mainly  between  the  tibia  and  the  menisci,  and  are  freest  when  the 
leg  is  bent  at  right  angles  with  the  thigh. 

MoDmnenta  of  Patella. — The  articular  surface  of  the  patella  is  indistinctly  divided  into  seven 
facets — upper,  middle,  and  lower  horizontal  pairs,  and  a  medial  perpendicular  facet  (Fig.  474). 
When  the  knee  is  forcibly  flexed,  the  medial  perpendicular 
—  facet  is  in  contact  with  the  semilunar  surface  on  the  lateral 

part  of  the  medial  Condyle;  this  semilunar  surface  is  a  pro- 
longation backward  of  the  medial  part  of  the  patellar  surface. 
As  the  leg  is  carried  from  the  flexed  to  the  extended  position, 
first  the  highest  pair,  then  the  middle  pair,  and  lastly  the 
lowest  pair  of  horisontal' facets  is  successively  brought  into 
contact  with  the  patellar  surface  of  the  femur.    In  the  ex- 
tended position,  when  the  Quadriceps  femoris  is  relaxed,  the 
patella  hes  loosely  on  the  front  of  the  lower  end  of  the  femur. 
During   flexion,    the    Ugamentum    patellae    is    put    upon 
the  stretch,   and  in   extreme  flexion  the  posterior  cruciate 
Fjo  474  — P   wr'        ri        I  lb      liK^roent,  the   oblique   popliteal,  and  collateral  ligaments, 
right  pawiu,  ifaDwiiiK  diBsnmmsiicitlJy     and,    to    a    slight    extent,    the    anterior    cruciate    ligament, 
^  arem  of  coDtact  with  the  fBmiir  in     are  relaxed.     Flexion  is  checked  during  hfe  by  the  contact 
1  lODi  on.  ^j  ^^^  1^  ^.^j^  ^^^  thigh.    When  the  knee-joinl  is  fully 

extended  the  oblique  popliteal  and  collateral  ligaments, 
the  anterior  cruciate  ligament,  and  the  posterior  cruciate  ligament,  are  rendered  tense; 
in  the  act  of  extending  the  knee,  the  liganientum  patellae  is  tightened  by  the  Quadriceps 
femoris,  but  in  full  extension  with  the  heel  supported  it  is  relaxed.  Rotation  inward  is  checked 
by  the  anterior  cruciate  ligament;  rotation  outward  tends  to  uncross  and  relax  the  cruciate  liga- 
ments, but  is  checked  by  the  tibial  collateral  Ligament.  The  main  function  of  the  cruciate  liga- 
ment is  to  act  as  a  direct  bond  between  the  tibia  and  femur  and  to  prevent  the  former  bone  from 
being  carried  t<K>  far  backward  or  forward.  They  also  assist  the  collateral  ligaments  in  resisting 
any  bending  of  the  joint  to  either  side.  The  menisci  are  intended,  as  it  seems,  to  adapt  the  surfaces 
of  the  tibia  to  the  shape  of  the  femoral  condyles  to  a  certain  extent,  so  as  to  fill  up  the  intervals 
which  would  otherwise  be  left  in  the  varying  positions  of  the  joint,  and  to  obviate  the  jan  which 
would  be  so  frequently  transmitted  up  the  limb  in  jumping  or  by  falls  on  the  feet;  also  to  permit 
of  the  two  varieties  of  motion,  flexion  and  extension,  and  rotation,  as  explained  above.  The 
patella  is  a  great  defence  to  the  front  of  the  knee-joint,  and  distributes  upon  a  large  and  tolerably 
even  surface,  during  kneeling,  the  pressure  which  would  otherwise  fall  upon  the  prominent  ridges 
of  the  condyles;  it  also  affords  leverage  to  the  Quadriceps  femoris. 

When  standing  erect  in  the  attitude  of  "attention,"  the  weight  of  the  body  falls  in  front  <rf 
a  line  carried  across  the  centres  of  the  knee-joints,  and  therefore  tends  to  produce  overextension 
of  the  articulations;  this,  however,  is  prevented  by  the  tension  of  the  anterior  cruciate,  oblique 
popliteal,  and  collateral  hgaments. 

Exlensioii  of  the  leg  on  the  thigh  is  performed  by  the  Quadriceps  femoris;  JUxwn  by  the  Bicepa 
femoris,  Semitcndinosus,  and  Semimembranosus,  assisted  by  the  Gracilis,  Sartorius,  Gastroc- 
nemius, Popliteus,  and  Plantaris.  RoUUian  outward  is  effected  by  the  Biceps  femoris,  and  rota- 
tion inward  by  the  Popliteus,  Semi  tend  inosus,  and,  to  a  slight  extent,  the  Semimembranosus,  the 
Sartorius,  and  the  Gracilis.  The  Popliteus  comes  into  action  especially  at  the  commencement 
of  the  movement  of  flexion  of  the  knee;  by  its  contraction  the  ]eg  is  rotated  inward,  or,  if  the 
tibia  be  fixed,  the  thigh  is  rotated  outward,  and  the  knee-joint  is  unlocked. 

Applied  Anjttomy. — From  a  consideration  of  the  construction  of  the  knee-joint,  it  would  at 
first  sight  appear  to  be  one  of  the  least  secure  joints  in  the  body.  It  is  formed  between  the  two 
longest  bones,  and  therefore  the  amount  of  leverage  which  can  be  brought  to  bear  upon  it  is  con- 
siderable; the  articular  surfaces  are  but  ill-adapted  to  each  other,  and  the  range  of  motion  which 
it  enjoys  is  great.  All  these  circumstances  tend  to  render  the  articulation  insecure;  never- 
theless on  account  of  the  powerful  ligaments  which  bind  the  bones  ti^ether,  the  joint  is  one  of 
the  strongest  in  the  body,  and  dislocation  from  traumatism  is  a  rare  occurrence.  When,  on  the 
other  band,  the  Ugaments  have  been  softened  or  destroyed  by  disease,  partial  displacnnent  is 
liable  to  occur,  and  is  frequently  brought  about  by  the  action  of  the  muscles. 

One  or  other  of  the  menisci  may  become  displaced  and  nipped  between  the  femur  and  tibia. 
The  accident  is  produced  by  a  twist  of  the  leg  when  the  knee  is  flexed,  and  is  accompanied  by  a 
sudden  pain  and  fixation  of  the  knee  in  a  flexed  position.  The  meniscus  may  b«  displaced  either 
medialward  or  lateralward;  that  is  to  say,  either  toward  the  tibial  intercondyloid  eminence,  so 
that  the  cartilage  becomes  lodged  in  the  intercondyloid  fossa;  or  to  one  side,  so  that  the  cartilage 
projects  beyond  the  margin  of  the  two  articular  surfaces.  The  medial  meniscus  is  much  more 
commonly  affected  than  the  lateral. 
Acute  synovitis,  the  result  of  traumatism,  is  of  frequent  occurrence  in  the  knee,  ( 
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the  superficial  position  of  the  joint.  When  the  cavity  is  distended  with  fluid,  the  swelling  shows 
itaeif  above  and  at  the  sides  of  the  patella,  reaching  about  2.5  cm.,  occasionally  5  cm.  or  more, 
above  the  patellar  surface  of  the  femur,  and  extending  a  little  higher  under  the  Vastus  medialis 
than  tinder  the  Vastus  lateralis.  The  lower  level  of  the  synovial  membrane  is  just  at  the  level 
of  the  head  of  the  tibia.  Chronic  synovitis  shows  itself  principally  in  the  form  of  pulpy  degenerar 
tion  of  the  synovial  membrane,  the  result  of  tuberculous  infection.  Syphilitic  disease  with  gum- 
matous infiltration  of  the  synovial  membrane  may  take  place.  The  knee  is  one  of  the  joints 
most  commonly  affected  with  osteoarthritis,  and  is  more  frequently  the  seat  of  this  disease  in 
women  than  in  men.  The  occurrence  of  the  so-called  loose  cartilages  is  almost  confined  to  the 
knee,  though  they  are  occasionally  met  with  in  other  joints.  Many  of  them  occur  in  cases  of 
osteoarthritis,  in  which  calcareous  or  cartilaginous  material  is  formed  in  one  of  the  synovial 
fringes  and  constitutes  the  foreign  body,  and  may  or  may  not  become  detached,  only  in  the 
former  case  meriting  the  usual  term,  'Moose''  cartilage.  In  other  cases  they  have  their  origin  in 
the  exudation  of  inflammatory  lymph,  and  possibly,  in  some  rare  instances,  a  portion  of  the 
articular  cartilage  or  one  of  the  menisci  becomes  detached  and  constitutes  the  foreign  body. 

In  inflammatory  affections  of  the  knee-joint,  the  position  of  greatest  ease,  and  therefore  the 
one  which  is  always  assumed,  is  that  of  slight  flexion.  In  this  position  there  is  the  most  complete 
relaxation  of  ligamentous  structures,  and,  therefore,  the  greatest  diminution  in  the  tension  caused 
by  the  effusion.  If  this  flexed  position  be  maintained  for  any  length  of  time,  it  becomes  perma- 
Dent  from  fibrous  adhesions  taking  place,  and  the  utility  of  the  limb  is  materially  impaired. 
Attention  should  therefore  be  paid  by  the  siu'geon  to  the  position  of  the  limb;  and  by  carefully 
applied  splints,  with  the  leg  in  an  extended  position,  this  untoward  result  should  be  prevented. 
In  cases  of  septic  synovitis,  incisions  to  evacuate  the  pus  should  be  made  vertically  on  either  side 
of  the  patella,  between  it  and  the  condyles  of  the  femur. 

Genu  valgum,  or  knock-knee,  is  a  common  deformity  of  childhood.  In  this  condition,  as  the 
patient  stands,  the  medial  condyles  of  the  two  femora  are  in  contact,  but  the  two  medial  malleoli 
are  more  or  less  widely  separated  from  each  other.  When,  however,  the  knees  are  flexed  to  a  right 
angle,  the  two  legs  are  practically  parallel  with  each  other.  At  the  commencement  of  the  disease 
there  is  a  yielding  of  the  tibial  collateral  ligament  and  other  fibrous  structures  on  the  medial  side 
of  the  joint;  as  a  result  of  this  there  is  a  constant  undue  pressure  of  the  lateral  condyle  of  the 
tibia  against  the  lateral  condyle  of  the  femur.  This  pressure  causes  arrest  of  growth,  and,  possibly, 
wasting  of  the  lateral  condyle,  and  a  consequent  tendency  for  the  tibia  to  become  separated  from 
the  medial  condyle  of  the  femur.  Irregular  overgrowth  from  the  medial  portion  of  the  epiphysial 
line  takes  place,  giving  rise  to  apparent  enlargement  of  the  medial  condyle  of  the  femur,  the  line 
of  the  epiphysis  becoming  oblique,  with  a  direction  downward  and  medialward,  instead  of  at 
right  angles  to  the  axis  of  the  bone.  If  the  deformity  be  marked,  an  osteotomy  of  the  femur  is 
required  to  correct  it. 

Excision  of  the  knee-joint  is  most  frequently  required  for  tuberculous  disease  of  this  articula- 
tion, but  is  also  practised  in  cases  of  disorganization  of  the  knee  from  other  causes.  It  is  also 
occasionally  called  for  in  cases  of  injury,  gunshot  or  otherwise.  The  operation  is  best  performed 
by  a  horseshoe-shaped  incision,  starting  from  one  femoral  condyle,*  descending  as  low  as  the 
tuberosity  of  the  tibia,  and  then  carried  upward  to  the  other  femoral  condyle.  The  bone  ends 
having  been  cleared,  and  in  those  cases  where  the  operation  is  performed  for  tuberculous  disease 
all  pulpy  tissue  having  been  carefully  removed,  the  section  of  the  femiu*  is  first  made.  This 
should  never  include,  in  children,  more  than,  at  the  most,  two-thirds  of  the  articular  surface, 
otherwise  the  epiphysial  cartilage  will  be  involved,  with  disastrous  results  as  regards  the  growth 
of  the  limb.  Afterward  a  thin  slice,  not  more  than  1.25  cm.,  should  be  removed  from  the  upper 
end  of  the  tibia.  If  any  diseased  tissue  still  appears  to  be  left  in  the  bones,  it  should  be  removed 
with  the  gouge,  rather  than  by  a  further  section. 

The  bursflB  iUx)ut  the  knee-joint  are  sometimes  the  seat  of  enlargement.  The  bursa  between 
the  front  of  the  patella  and  the  skin  is  frequently  affected  in  individuals  who  are  in  the  habit  of 
constantly  kneeling,  and  the  condition  is  then  known  as  ''housemaid's  knee.''  The  bursa  be- 
neath the  Semimembranosus  tendon  also  occasionally  becomes  enlarged,  and  forms  a  fluctuating 
sweUing  at  the  back  of  the  knee.  During  extension,  the  swelling  is  firm  and  tense;  but  during 
flexion  it  becomes  soft,  and,  as  the  bursa  often  communicates  with  the  synovial  cavity  of  the 
joint,  the  fluid  it  contains  can  be  made  to  disappear  by  pressure  when  the  knee  is  flexed.  Exten- 
aon  of  septic  processes  within  the  joint  is  apt  to  occur  along  the  tendon  sheath  of  the  Popliteus, 
and  this  may  lead  to  deep-seated  suppuration  in  the  popliteal  fossa,  often  associated  with  septic 
thrombosis  of  the  poplitcHsd  vein;  when  this  occurs  amputation  of  the  limb  is  necessary. 


m.    Articalations  between  (he  Tibia  and  Fibula. 

The  articulations  between  the  tibia  and  fibula  are  effected  by  ligaments  which 
connect  the  extremities  and  bodies  of  the  bones.    The  Ugaments  may  consequently 
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be  subdivided  into  three  sets:  (1)  those  of  the  Tibiofibular  articulation;  (2)  the 
interosseous  membrane;  (3)  those  of  the  Tibiofibular  syndesmosis. 

Tibiofibular  Articulation  (articulatio  iibiofibidaris;  siiperior  tibiofibular  articula- 
tion).— ^This  articulation  is  an  arthrodial  joint  between  the  lateral  condyle  of  the 
tibia  and  the  head  of  the  fibula.  The  contiguous  surfaces  of  the  bones  present 
flat,  oval  facets  covered  with  cartilage  and  connected  together  by  an  articular 
capsule  and  by  anterior  and  posterior  ligaments. 

The  Articular  Capsule  (capmla  articnlaris;  capsular  ligament), — The  articular 
capsule  surrounds  the  articulation,  being  attached  around  the  margins  of  the 
articular  facets  on  the  tibia  and  fibula;  it  is  much  thicker  in  front  than 
behind. 

The  Anterior  Ligament  {anterior  superior  ligament), — ^The  anterior  ligament  of 
the  head  of  the  fibula  (Fig.  468)  consists  of  two  or  three  broad  and  flat  bands, 
which  pass  obliquely  upward  from  the  front  of  the  head  of  the  fibula  to  the  front 
of  the  lateral  condvle  of  the  tibia. 

The  Posterior  Ligament  {posterior  superior  ligament). — ^The  posterior  ligament  of 
the  head  of  the  fibula  (Fig.  469)  is  a  single  thick  and  broad  band,  which  passes 
obliquely  upward  from  the  back  of  the  head  of  the  fibula  to  the  back  of  the  lateral 
condyle  of  the  tibia.    It  is  covered  by  the  tendon  of  the  Popliteus. 

Synovial  Membrane. — ^A  synovial  membrane  lines  the  capsule;  it  is  continuous  with  that  of 
the  knee-joint  in  occasional  cases  when  the  two  joints  communicate. 

Interosseous  Membrane  {membrana  interossea  cruris;  middle  tibiofibular  liga- 
ment).— An  interosseous  membrane  extends  between  the  interosseous  crests  of  the 
tibia  and  fibula,  and  separates  the  muscles  on  the  front  from  those  on  the  hack 
of  the  leg.  It  consists  of  a  thin,  aponeurotic  lamina  composed  of  oblique  fibres, 
which  for  the  most  part  run  downward  and  lateralward ;  some  few  fibres,  however, 
pass  in  the  opposite  direction.  It  is  broader  above  than  below.  Its  upper  margin 
does  not  quite  reach  the  tibiofibular  joint,  but  presents  a  free  concave  border, 
above  which  is  a  large,  oval  aperture  for  the  passage  of  the  anterior  tibial  vessels 
to  the  front  of  the  leg.  In  its  lower  part  is  an  opening  for  the  passage  of  the  anterior 
peroneal  vessels.  It  is  continuous  below  with  the  interosseous  ligament  of  the  tibio- 
fibular syndesmosis,  and  presents  numerous  perforations  for  the  passage  of  small 
vessels.  It  is  in  relation,  in  front,  with  the  Tibialis  anterior.  Extensor  digitorum 
longus.  Extensor  hallucis  proprius,  Peronaeus  tertius,  and  the  anterior  tibial 
vessels  and  deep  peroneal  nerve;  behind,  with  the  Tibialis  posterior  and  Flexor 
hallucis  longus. 

Tibiofibular  Syndesmosis  {syndesmosis  tibiofibular  is;  inferior  tibiofibular  artiou- 
lafion). — ^This  syndesmosis  is  formed  by  the  rough,  convex  surface  of  the  medial 
side  of  the  lower  end  of  the  fibula,  and  a  rough  concave  surface  on  the  lateral  side 
of  the  tibia.  Below,  to  the  extent  of  about  4  mm.  these  surfaces  are  smooth,  and 
covered  with  cartilage,  which  is  continuous  with  that  of  the  ankle-joint.  The 
ligaments  are:  anterior,  posterior,  inferior  transverse,  and  interosseous. 

The  Anterior  Ligament  {ligamentuvi  malleoli  lateralis  anterius;  anterior  inferior 
ligament). — The  anterior  ligament  of  the  lateral  malleolus  (Fig.  476)  is  a  flat, 
triangular  band  of  fibres,  broader  below  than  above,  which  extends  obliquely 
downward  and  lateralward  between  the  adjacent  margins  of  the  tibia  and  fibula, 
on  the  front  aspect  of  the  syndesmosis.  It  is  in  relation,  m  front,  with  the  Peronaeus 
tertius,  the  aponeurosis  of  the  leg,  and  the  integument;  behind,  with  the  interosseous 
ligament;  and  lies  in  contact  with  the  cartilage  covering  the  talus. 

The  Posterior  Ligament  {ligamentum  malleoli  lateralis  posterius;  posterior  inferior 
ligament). — ^The  posterior  ligament  of  the  lateral  malleolus  (Fig.  476),  smaller 
than  the  preceding,  is  disposed  in  a  similar  manner  on  the  posterior  surface  of 
the  svndesmosis. 
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The  Inferior  TruuTerse  Ligameat. — The  inferior  transverse  ligament  lies  in  front 
of  the  posterior  ligament,  and  is  a  strong,  thick  band,  of  yellowish  fibres  which 
passes  transversely  across  the  back  of  the  joint,  from  the  lateral  malleolus  to  the 
posterior  border  of  the  articular  surface  of  the  tibia,  almost  as  far  as  its  malleolar 
process.  This  ligament  projects  below  the  margin  of  the  bones,  and  forms  part 
of  the  articulating  surface  for  the  talus. 

The  iDterosseoos  Ligament. — The  interosseous  ligament  consists  of  numerous 
short,  strong,  fibrous  bands,  which  pass^between  the  contiguous  rough  surfaces  of 
the-  tibia  and  fibula,  and  constitute  the  chief  bond  of  union  between  the  bones. 
It  is  continuous,  above,  with  the  interosseous  membrane. 

STDOrial  Hombraae. — The  Hynoviol  membrBue  associated  with  the  small  arthrodial  part  of 
ihia  joiDt  is  continuous  nith  that  of  the  ankle-joint. 

17.  Tklocniral  Articulation  or  Ankle-joint  (Articulatio  Talocmralis;  Tibiotarsal 

AiticiiUtion). 

The  ankle-joint  is  a  ginglymus,  or  hinge-joint.  The  structures  entering  into  its 
formation  are  the  lower  end  of  the  tibia  and  its  malleolus,  the  malleolus  of  the 
fibula,  and  the  transverse  ligament,  which  together  form  a  mortise  for  the  recep^ 
tion  of  the  upper  convex  surface  of  the  talus  and  its  medial  and  lateral  facets. 
The  bones  are  connected  by  the  following  ligaments: 

The  Articular  Capsule.  The  Anterior  Talofibular, 

The  Deltoid.  The  Posterior  Talofibular. 

The  Calcaneofibular. 

The  Artienlar  Capsule  (capsula  ariieularia;  capsular  ligament). — The  articular  cap- 
sule surrounds  the  joints,  and  is  attached,  abime,  to  the  borders  of  the  articular 
surfaces  of  the  tibia  and  malleoli;  and  below,  to  the  talus  around  its  upper  articular 


Fro.  475. — Right  uloenml 


The  anterior  part  of  the  capsule  {anterior  ligament)  (Fig.  475)  is  a  broad,  thin, 
membranous  layer,  attached,  above,  to  the  anterior  margin  of  the  lower  end  of 
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the  tibia;  below,  to  the  talus,  in  front  of  its  superior  articular  surface.  It  is  in 
relation,  in  front,  with  the  Extensor  tendons  of  the  toes,  the  tendons  of  the  Tibialis 
anterior  and  Peronaeus  tertius,  and  the  anterior  tibial  vessels  and  deep  peroneal 
nerve. 

The  posterior  part  of  the  capsule  (-posterior  ligament)  is  very  thin,  and  consists 
principally  of  transverse  fibres.  It  is  attached,  above,  to  the  margin  of  the  articular 
surface  of  the  tibia,  blending  with  the  transverse  ligament;  below,  to  the  talus 
behind  its  superior  articular  facet.  Laterally,  it  is  somewhat  thickened,  and  is 
attached  to  the  hollow  on  the  medial  surface  of  the  lateral  malleolus. 

The  Deltoid  Ligament  {ligamentum  deUoideuvi;  internal  hrieral  ligament) 
(Fig.  475),^ — The  deltoid  ligament  is  a  strong,  flat,  triangular  band,  attached, 
above,  to  the  apex  and  anterior  and  posterior  borders  of  the  medial  malleolus. 
It  consists  of  two  sets  of  fibres,  superficial  and  deep.  Of  the  superficial  fibres  the 
most  anterior  [iibionavicular)  pass  fonA-ard  to  be  inserted  into  the  tuberosity  of 
the  navicular  bone,  and  immediately  behind  this  they  blend  with  the  medial  margin 
of  the  plantar  calcaneonavicular  ligament;  the  middle  {calcaneotibial)  descend 
almost  perpendicularly  to  be  inserted  into  the  whole  length  of  the  sustentaculum 
tali  of  the  calcaneus;  the  posterior  fibres  {posterior  talotibial)  pass  backward  and 
lateralward  to  be  attached  to  the  inner  side  of  the  talus,  and  to  the  prominent 
tubercle  on  its  posterior  surface,  medial  to  the  groove  for  the  tendon  of  the  Flexor 
hallucts  iongus.  The  deep  fibres  {anterior  ialotibiat)  are  attached,  above,  to  the 
tip  of  the  medial  malleolus,  and,  below,  to  the  medial  surface  of  the  talus.  The 
deltoid  ligament  is  covered  by  the  tendons  of  the  Tibialis  posterior  and  Flexor 
digitorum  Iongus. 

The  anterior  and  posterior  talofibular  and  the  calcaneofibular  ligaments  were 
formerly  described  as  the  three  fasciculi  of  the  external  lateral  ligament  of  the 
ankle-joint. 


tLculatioiiB.     LawrAl  u 


The  Anterior  Talofibular  Ligament  {ligamentuvi  talofibulare  anterius)  (Fig.  470). 
—The  anterior  taliofibular  ligament,  the  shortest  of  the  three,  passes  from  the 
anterior  margin  of  the  fibular  malleolus,  forward  and  medially,  to  the  talus,  in 
front  of  its  lateral  articular  facet. 
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The  Posterior  Taloflbnlar  Ligament  {ligameniwm-  talofihulare  posterius)  (Fig.  476). 
—The  posterior  talofibular  ligament,  the  strongest  and  most  deejJy  seated,  runs 
almost  horizontally  from  the  depression  at  the  medial  and  back  part  of  the  fibular 
malleolus  to  a  prominent  tubercle  on  the  posterior  surface  of  the  talus  immediately 
lateral  to  the  groove  for  the  tendon  of  the  Flexor  hallucis  longus. 

the  CalcaneoflbtilaT  Ligament  {ligamentum  cakaneofibulare)  (Fig.  476), — The 
calcaneofibular  ligament,  the  longest  of  the  three,  is  a  narrow,  rounded  cord,  run- 
ning from  the  apex  of  the  fibular  malleolus  downward  and  slightly  backward  to  a 
tubercle  on  the  lateral  surface  of  the  calcaneus.  It  is  covered  by  the  tendons  of 
the  Peronaei  lon^s  and  brevis. 


□7qifin'ar  ligamfrU 
•ular  ligamtiU 
xatcaneal  iigamrni 


ticulAtLQD  (diateniledj.     LBt«nl  uip«ct. 


BfUirlal  Mamtanne  (Fig.  477). — The  aynovUl  membrane  invests  the  deep  surfaces  of  the 

^EBmente,  and  sends  &  amall  process  upward  between  the  lower  ends  of  the  tibia  aiid  fibula. 

MittoM.^The  tendons,  vessels,  and  nerves  in  connection  with  the  joint  ajre,  ia  front,  from  the 
mediil  Bide,  the  Tibialis  anterior,  Extensor  hallucis  proprius,  anterior  tiiiial  vessels,  deep  peroneal 
Qcrre,  Extensor  digitonun  longua,  and  Feronaeus  tertius;  behind,  from  the  medial  side,  the  Tibialis 
paetoior,  Flexor  digitorum  longus,  posterior  tibial  vessels,  tibial  nerve.  Flexor  hallucis  longus; 
and,  m  the  groove  behind  the  fibular  malleolus,  the  tendons  of  the  Peronaei  longus  and  brevis. 

The  uteries  supplying  the  joint  are  derived  from  the  malleolar  branches  of  the  anterior  tibial 
and  the  peroneal. 

The  nerres  are  derived  from  the  deep  peroneal  and  tibial. 

MoTaments. — -When  the  body  is  in  the  erect  position,  the  foot  is  at  right  angles  to  the  leg. 
Tlie  movements  of  the  joint  are  those  of  dorsillexion  and  extension;  dorsiflexion  consists  in  the 
appronmation  of  the  dorsum  of  the  foot  to  the  front  of  the  leg,  while  in  extension  the  heel  is 
dram  up  and  the  toes  pointed  don-nward.  The  malleoh  tightly  embrace  the  talus  in  all  positions 
<rf  the  joint,  so  that  any  slight  degree  of  side-tOHside  movement  which  may  exist  is  simply  due  to 
stretching  of  the  hgaments  of  the  talofibular  syndesmosis,  and  slight  bending  of  the  body  of  the 
fibula.  The  superior  articular  surface  of  the  talus  is  broader  in  front  than  behind.  In  doisi- 
fledon,  therefore,  greater  space  is  required  between  the  two  malleoli.  This  is  obtained  by  a  alight 
oalwud  rotatory  movement  of  the  lower  end  of  the  fibula  and  a  stretching  of  the  ligaments  of 
the  lyndesmoaisi  this  lateral  movement  is  facihtated  by  a  slight  ghding  at  the  tibiofibular  articula- 
tion, and  possibly  also  by  the  bending  of  the  body  of  the  fibula.  Of  the  hgaments,  the  deltoid 
is  of  Tery  great  power — so  much  so,  that  it  usually  resists  a  force  which  fractures  the  process  of 
bone  to  which  it  is  attached.  l\s  middle  portion,  together  with  the  calcaneofibular  hgament, 
binda  the  bones  of  the  leg  firmly  to  the  foot,  and  resists  displacement  in  every  direction.  Its 
anterior  and  posterior  fibres  limit  extension  and  flexion  of  the  foot  respectively,  and  the  anterior 
libres  also  limit  abduction.    The  posterior  talofibular  ligament  assists  the  calcaneofibular  in 
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resisting  the  displacement  of  the  foot  backward,  and  deepens  the  cavity  for  the  reception  of  the 
talus.  The  anterior  talofibular  is  a  security  against  the  displacement  of  the  foot  forward,  and 
limits  extension  of  the  joint. 

The  movements  of  inversion  and  eversion  of  the  foot,  together  with  the  minute  changes  in 
form  by  which  it  is  applied  to  the  ground  or  takes  hold  of  an  object  in  climbing,  etc.,  are  mainly 
effected  in  the  tarsal  joints;  the  joint  which  enjoys  the  greatest  amount  of  motion  being  that  be- 
tween the  talus  and  calcaneus  behind  and  the  navicular  and  cuboid  in  front.  This  is  often  called 
the  transverse  tarsal  jointi  and  it  can,  with  the  subordinate  joints  of  the  tarsus,  replace  the  ankle- 
joint  in  a  great  measure  when  the  latter  has  become  ankylosed. 

Extension  of  the  foot  upon  the  tibia  and  fibula  is  produced  by  the  Gastrocnemius,  Soleus, 
Plantaris,  Tibialis  posterior,  Peronaei  longus  and  brevis,  Flexor  digitorum  longus,  and  Flexor 
hallucis  longus;  dorsiflexionf  by  the  Tibialis  anterior,  Peronaeus  tertius.  Extensor  digitorum  longus, 
and  Extensor  hallucis  proprius.^ 

Applied  Anatomy. — As  the  ankle-joint  is  a  very  strong  and  powerful  articulation,  displace- 
ment of  the  talus  from  the  tibiofibular  mortise  is  a  rare  accident,  and  great  force  is  required  to 
produce  it.  Nevertheless,  dislocation  does  occasionally  occur,  either  antero-posteriorly  or  to 
one  or  other  side.  In  the  latter,  which  is  the  more  common,  fracture  is  a  necessary  accompani- 
ment of  the  injury.  The  dislocation  in  these  cases  is  somewhat  peculiar,  and  is  not  a  displace- 
ment in  a  horizontal  direction,  such  as  usually  occurs  in  dislocations  of  ginglymoid  joints,  but 
the  talus  imdergoes  a  partial  rotation  around  an  antero-posterior  axis  drawn  through  its  own 
centre,  so  that  the  superior  surface,  instead  of  being  directed  upward,  is  inclined  more  or  less 
medial  ward  or  lateral  ward  according  to  the  variety  of  the  displacement. 

The  ankle-joint  is  more  frequently  sprained  than  any  joint  in  the  body,  and  this  may  lead  to 
acute  synovitis.  In  these  cases,  when  the  synovial  sac  is  distended  with  fluid,  the  bulging  appears 
principally  in  the  front  of  the  joint,  beneath  the  anterior  tendons,  and  on  either  side,  between 
the  Tibialis  anterior  and  the  deltoid  ligament  on  the  medial  side,  and  between  the  Peronaeus 
tertius  and  the  anterior  talofibular  ligament  laterally.  In  addition  to  this,  bulging  often  occurs 
posteriorly,  and  a  fluctuating  swelling  may  be  detected  on  either  side  of  the  tendo  calcaneus. 
A  large  proportion  of  so-called  '^  sprains"  of  the  ankle  have  been  proved  by  x-ray  examination 
to  be  some  variety  of  fracture  about  the  malleoli,  with  or  without  displacement. 

Chronic  synovitis  may  result  from  frequent  sprains,  and  when  once  this  joint  has  been  sprained 
it  is  liable  to  a  recurrence  of  the  injury;  or  the  synovitis  may  be  tuberculous  in  its  origin,  the 
disease  usually  beginning  in  the  talus  and  extending  to  the  joint,  though  it  may  commence  in 
the  synovial  membrane,  the  result  probably  of  some  slight  strain  in  a  tuberculous  subject. 

Excision  of  the  ankle-joint  is  not  often  performed,  since  the  foot  after  excision  is  often  of  very 
little  use;  far  less  useful,  in  fact,  than  it  is  after  Syme's  amputation,  which  is,  therefore,  a  prefer- 
able operation  in  these  cases.  Further,  disease  of  the  ankle-joint  is  frequently  associated  with 
disease  of  the  tarsal  bones. 

V.    Intertarsal  Articulations  (Articulationes  Intertarseae ;  Articulations 

of  the  Tarsus). 

Talocalcaneal  Articulation  {articulatio  talocalcanea;  articulation  of  the  calcaneus 
and  astragalus;  calcaneo-astragahid  articulation), — The  articulations  between  the 
calcaneus  and  talus  are  two  in  number — anterior  and  posterior.  Of  these,  the 
anterior  forms  part  of  the  talocalcaneonavicular  joint,  and  will  be  described  with 
that  articulation.  The  posterior  or  talocalcaneal  articulation  is  formed  between 
the  posterior  calcaneal  facet  on  the  inferior  surface  of  the  talus,  and  the  posterior 
facet  on  the  superior  surface  of  the  calcaneus.  It  is  an  arthrodial  joint,  and  the 
two  bones  are  connected  by  an  articular  capsule  and  by  anterior,  posterior,  lateral, 
medial,  and  interosseous  talocalcaneal  ligaments. 

The  Articular  Capsule  {capsula  articularis) . — ^The  articular  capsule  envelops 
the  joint,  and  consists  for  the  most  part  of  short  fibres,  which  are  split  up  into 
distinct  slips;  between  these  there  is  only  a  weak  fibrous  investment. 

The  Anterior  Talocalcaneal  Ligament  {ligamenium  talocalcaneum  anterius;  anterior 
calcaneoHistragaloid  ligament)  (Figs.  477,  480). — ^The  anterior  talocalcaneal  liga- 
ment extends  from  the  front  and  lateral  surface  of  the  neck  of  the  talus  to 
the  superior  surface  of  the  calcaneus.    It  forms  the  posterior  boundary  of  the 

^  The  student  must  bear  in  mind  that  the  Extensor  dijzitonim  longus  and  Extensor  hallucis  proprius  are  ertefMor« 
of  the  toes,  but  flexors  of  the  ankle;  and  that  the  Flexor  digitorum  longus  and  Flexor  hallucis  longus  are  fiexor§  of  the 
toes,  but  extensors  of  the  ankle. 
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talocalcaneonavicular  joint,  and  is  sometimes  described  as  the  anterior  interosseouB 
licunent. 

The  PoBterior  Talocalcaneal  Ligament  {ligamentum  talocakaneum  posterius; 
potlerioT  calcaneo-astragaloid  ligamerU)  (Fig.  475). — The  posterior  talocalcaneal 
ligament  connects  the  lateral  tubercle  of  the  talus  with  the  upi>er  and  medial  part 
of  the  calcaneus;  it  is  a  short  band,  and  its  fibres  radiate  from  their  narrow  attach- 
ment to  the  talus. 

The  Lateral  Talocalcaneal  LiKatnsnt  {ligamentum  tahcakaneum  taterale;  external 
atleaneo-astTogahid  ligamerU)  (Figs,  477,  480), — The  lateral  talocaJcaneal  ligament 
is  a  short,  strong  fasciculus,  passing  from  the  lateral  surface  of  the  talus,  imme- 
diately beneath  its  fibular  facet  to  the  lateral  surface  of  the  calcaneus.  It  is  placed 
in  front  of,  but  on  a  deeper  plane  than,  the  calcaneofibular  ligament,  with  the  fibres 

of  which  it  is  parallel. 
The  Medial  Talocalcaneal  Ligament  {ligamentum  ialocalcaneum  mediate;  internal 

eaicaneo-asiragaloid  ligam,ent). — The  medial  talocalcaneal  ligament  connects  the 

medial  tubercle  of  the  ba<!k  of  the  talus  with  the  back  of  the  sustentaculum  tali. 

Its  fibres  blend  with  those  of  the  plantar  calcaneonavicular  ligament. 
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The  InteiOBSMOS  Talcocalcaneal  Ligament  {ligamentum  tatocalcaneum  inUrosseum) 
(Figs.  478,  480). — The  interosseous  talocalcaneal  ligament  forms  the  chief  bond 
of  union  between  the  bones.  It  is,  in  fact,  a  portion  of  the  united  capsules  of  the 
talocalcaneonavicular  and  the  talocalcaneal  joints,  and  consists  of  two  partially 
united  layers  of  fibres,  one  belonging  to  the  former  and  the  other  to  the  latter  joint. 
It  is  attached,  above,  to  the  groove  between  the  articular  facets  of  the  under  surface 
of  the  talus;  bekrw,  to  a  corresponding  depression  on  the  upper  surface  of  the  cal- 
caneus. It  is  very  thick  and  strong,  being  at  least  2.5  cm.  in  breadth  from  side 
to  side,  and  serves  to  bind  the  calcaneus  and  talus  firmly  together. 
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Synovial  Membrane  (Fig.  481). — The  synovial  membrane  lines  the  capsule  of  the  joint,  and 
is  distinct  from  the  other  synovial  membranes  of  the  tarsus. 

Movements. — The  movements  permitted  between  the  talus  and  calcaneus  are  limited  to  glid- 
ing of  the  one  bone  on  the  other  backward  and  forward  and  from  side  to  side. 

Talocalcaneonavicular  Articulation  {articulaiio  talocalcaneonavicularis) . — ^This 
articulation  is  an  arthrodial  joint:  the  rounded  head  of  the  talus  being  received 
into  the  concavity  formed  by  the  posterior  surface  of  the  navicular,  the  anterior 
articular  surface  of  the  calcaneus,  and  the  upper  surface  of  the  plantar  calcaneo- 
navicular ligament.  There  are  two  ligaments  in  this  joint:  the  articular  capsule 
and  the  dorsal  talonavicular. 

The  Articular  Capsule  (capsula  ariicularis), — The  articular  capsule  is  imperfectly 
developed  except  posteriorly,  where  it  is  considerably  thickened  and  forms,  with 
a  part  of  the  capsule  of  the  talocalcaneal  joint,  the  strong  interosseous  ligament 
which  fills  in  the  canal  formed  by  the  opposing  grooves  on  the  calcaneus  and  talus, 
as  above  mentioned. 

The  Dorsal  Talonavicular  Ligament  (ligamehtum  talonamculare  dorsale;  superior 
astragalonavicular  ligament)  (Fig.  475). — This  ligament  is  a  broad,  thin  band,  which 
connects  the  neck  of  the  talus  to  the  dorsal  surface  of  the  navicular  bone;  it  is 
covered  by  the  Extensor  tendons.  The  plantar  calcaneonavicular  supplies  the 
place  of  a  plantar  ligament  for  this  joint. 

Synovial  Membrane. — The  synovial  membrane  lines  all  parts  of  the  capsule  of  the  joint. 
Movements. — This  articulation  permits  of  a  considerable  range  of  gliding  movements;   its 
feeble  construction  allows  occasionaUy  of  dislocation  of  the  other  bones  of  the  tarsus  from  the  tsdus. 

Calcaneocuboid  Articulation  (articulaiio  calcaneocuboidea;  articulation  of  the 
calcaneus  with  the  cuboid), — ^The  ligaments  connecting  the  calcaneus  with  the 
cuboid  are  five  in  number,  viz.,  the  articular  capsule,  the  dorsal  calcaneocuboid, 
part  of  the  bifurcated,  the  long  plantar,  and  the  plantar  calcaneocuboid. 

The  Articular  Capsule  {capsula  articularis), — The  articular  capsule  is  an  imper- 
fectly developed  investment,  containing  certain  strengthened  bands,  which  form 
the  other  ligaments  of  the  joint. 

The  Dorsal  Calcaneocuboid  Ligament  {ligamentum  calcaneocuboideum  dorsale;  supe- 
rior calcaneocuboid  ligament)  (Fig.  476). — The  dorsal  calcaneocuboid  ligament  is 
a  thin  but  broad  fasciculus,  which  passes  between  the  contiguous  surfaces  of  the 
calcaneus  and  cuboid,  on  the  dorsal  surface  of  the  joint. 

The  Bifurcated  Ligament  (ligamentum  bifurcaium;  internal  calcaneocuboid;  inters 
osseous  ligament)  (Fig.  476,  480). — ^The  bifurcated  ligament  is  a  strong  band, 
attached  behind  to  the  deep  hollow  on  the  upper  surface  of  the  calcaneus  and  divid- 
ing in  front  in  a  Y-shaped  manner  into  a  calcaneocuboid  and  a  calcaneonavicidar 
part.  The  calcaneocuboid  part  is  fixed  to  the  medial  side  of  the  cuboid  and  forms 
one  of  the  principal  bonds  between  the  first  and  second  rows  of  the  tarsal  bones. 
The  calcaneonavicular  part  is  attached  to  the  lateral  side  of  the  navicular. 

The  Long  Plantar  Ligament  (ligamentum  plantare  longum;  long  calcaneocuboid 
ligament;  superficial  long  plantar  ligament)  (Fig.  479). — ^The  long  plantar  ligament 
is  the  longest  of  all  the  ligaments  of  the  tarsus:  it  is  attached  behind  to  the  plantar 
surface  of  the  calcaneus  in  front  of  the  tuberosity,  and  in  front  to  the  tuberosity 
on  the  plantar  surface  of  the  cuboid  bone,  the  more  superficial  fibres  being  con- 
tinued forward  to  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 
This  ligament  converts  the  groove  on  the  plantar  surface  of  the  cuboid  into  a 
canal  for  the  tendon  of  the  Peronaeus  longus. 

The  Plantar  Calcaneocuboid  Ligament  (ligamentum  calcaneocuboideum  plantare; 
short  calcaneocuboid  ligament;  short  plantar  ligament)  (Fig.  479). — The  plantar 
calcaneocuboid  ligament  lies  nearer  to  the  bones  than  the  preceding,  from  which 
it  is  separated  by  a  little  areolar  tissue.  It  is  a  short  but  wide  band  of  great  strength, 
and  extends  from  the  tubercle  and  the  depression  in  front  of  it,  on  the  forepart 
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of  the  plantar  surface  of  the  calcaneus,  to  the  plantar  surface  of  the  cuboid  behind 
the  peroneal  groove. 

SjnutvW  Hambrase. — The  aynovial  membrane  lines  the  inner  surftuie  of  the  capsule  and  is 

disiinct  from  that  of  the  other  tarsal  articulationa  (Fig.  481). 

HomnmtB. — The  movements  permitted  between  the  calcaDeus  and  cuboid  are  limited  to 
slight  gliding  movements  of  the  bones  upon  each  other. 

The  iTantvtTxe  tarsal  joint  is  formed  by  tbe  articulation  of  the  calcaneus  with  the  cuboid,  and 
the  articulation  of  the  talus  with  the  navicular.  The  movement  which  takes  place  in  this  joint 
is  more  estensive  than  that  in  the  other  tarsal  joints,  and  consists  of  a  sort  of  rotation  by  means 
of  which  the  foot  may  be  sUghtly  flexed  or  extended,  the  sole  being  at  the  same  time  carried 
medially  (inverted)  or  laterally  (everted). 

The  Ligaments  Connectiiig  the  Calcaneus  and  Navicnlar. — Though  the  calcaneus 
and  navicular  do  not  directly  articulate,  they  are  connected  by  two  ligaments: 
the  calcaneonavicular  part  of  the  bifurcated,  and  the  plantar  calcaneonavicular. 
The  caleaneonaTieatai  part  of  the  bifurcated  ligament  is  described  on  page  454. 
The  Plantar  Calcaneonavlciilar  Ligament  {liga- 
metiium.  calcaneonaviculare  plantare;  inferior  or 
internal  caleaneonavieular  ligament;  calcaneona- 
meidar  ligament)  (Fig.  480). — ^The  plantar  cal- 
caneonavicular ligament  is  a  broad  and  thick 
band   of  fibres,  which  connects  the    anterior 
mar^n  of  the  sustentaculum  tali  of  the  calca- 
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neus  to  the  plantar  surface  of  the  navicular.  This  ligament  not  only  serves  to 
connect  the  calcaneus  and  navicular,  but  supports  the  head  of  the  talus,  forming 
part  of  the  articular  cavity  in  which  it  is  received.  The  dorsal  surface  of  the 
ligament  presents  a  fibrocartilaginous  facet,  lined  by  the  synovial  membrane, 
and  upon  this  a  portion  of  the  head  of  the  talus  rests.  Its  pfantar  surface  is 
supported  by  the  tendon  of  the  Tibialis  posterior;  its  medial  border  is  blended  with 
the  forepart  of  the  deltoid  ligament  of  the  ankle-joint. 
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Appli«d  Anfttomj. — The  plantar  calcaneonavicular  ligammt,  by  supporting  the  b»d  of  the 
t&Iua,  IB  principally  concenied  in  maiDtaiDing  the  arch  of  the  foot.  When  it  yields,  the  head  of 
the  talus  is  pressed  downward,  medialward,  and  forward  by  the  weight  of  the  body,  and  the 
foot  becomes  flattened,  expanded,  and  turned  lateralward,  and  exhibits  the  condition  known  as 
Jtal-fool.  This  ligament  contains  a  considerable  amount  of  elastic  fibres,  so  as  to  pve  elasticity 
to  the  arch  and  spring  to  the  foot;  hence  it  is  sometimes  called  the  "spring"  ligament.  It  IS 
supported,  on  its  plantar  surface,  by  the  tendon  of  the  Tibialis  posterior,  which  spreads  out  at 
its  insertion  into  a  number  of  fasciculi,  to  be  attached  to  most  of  the  tarsal  and  metatarsal 
bones.  This  prevents  undue  stretching  of  the  ligament,  and  is  a  protection  against  the  occur- 
rence of  flat'-foot;  hence  muscular  weakness  is,  in  most  cases,  the  primary  cause  of  tba 
defumity. 

Cuneonavicular  Aiticnlation  {articuhiio  cTineonavictdaris;  artictdation  of  the 
navicular  with  the  cuneiform  bones). — The  navicular  is  connected  to  the  three 
cuneiform  bones  by  dorsal  and  plantar  ligaments. 

The  Donal  Lifaments  {Ugamenta  navicularicuneifoTTnia  dorscdia). — The  dorsal 
ligaments  are  three  small  bundles,  one  attached  to  each  of  the  cuneiform  bones. 
The  bundle  connecting  the  navicular  with  the  first  cuneiform  is  continuous  around 
the  medial  side  of  the  articulation  with  the  plantar  ligament  which  unites  these 
two  bones. 

The  Plantar  Eigaments  {Ugamenta  namcularicuneiformia  plantaria). — ^The  plantar 
ligaments  have  a  similar  arrangement  to  the  dorsal,  and  are  strengthened  by  slips 
from  the  tendon  of  the  Tibialis  posterior. 


Fia.  4SI.— Oblique  KcCion  ol  left  inlf rtanal  and  tKreamEUl&nuil  articuUlions,  Bhowiag  Uie  eynovial  cavities 

Synorial  Hembnn*. — The  synovial  membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane  (Fig,  481). 
Movements.— Mere  gliding  movements  are  permitted  between  the  navicular  and  cuneiform 
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Caboideonavicular  Articulation. — The  navicular  bone  is  connected  with  the 
cuboid  by  dorsal,  plantar,  and  interosseous  ligaments. 

The  Dorsal  Ligament  {ligamerUum  (mboideonaviculare  dorsale) . — ^The  dorsal  ligament 
extends  obliquely  forward  and  lateralward  from  the  navicular  to  the  cuboid  bone. 

The  Plantar  Ligament  {ligamentum  (mhaideonancvlare  phntare). — The  plantar 
Ugament  passes  nearly  transversely  between  these  two  bones. 

The  Interosseous  Ligament. — ^The  interosseous  ligament  consists  of  strong  trans- 
verse fibres,  and  connects  the  rough  non-articular  portions  of  the  adjacent  surfaces 
of  the  two  bones. 

BynoTial  Membrane. — The  synovial  membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane  (Fig.  481). 

Movements. — The  movements  permitted  between  the  navicular  and  cuboid  bones  are  limited 
to  a  slight  ghding  upon  each  other. 

Intercaneifoim  and  Cuneocuboid  Articulations. — ^The  three  cuneiform  bones  and 
the  cuboid  are  connected  together  by  dorsal,  plantar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  {ligamenta  intercuneiformia  dorsalia). — ^The  dorsal  liga- 
ments consist  of  three  transverse  bands:  one  connects  the  first  with  the  second 
cuneiform,  another  the  second  with  the  third  cuneiform,  and  another  the  third 
cuneiform  with  the  cuboid. 

The  Plantar  Ligaments  (ligamenta  intercuneiformia  plantaria). — ^The  plantar  liga- 
ments have  a  similar  arrangement  to  the  dorsal,  and  are  strengthened  by  slips 
from  the  tendon  of  the  Tibialis  posterior. 

The  Interosseous  Ligaments  {ligamenta  intercuneiformia  irUerossea). — ^The  inter- 
osseous ligaments  consist  of  strong  transverse  fibres  which  pass  between  the  rough 
non-articular  portions  of  the  adjacent  surfaces  of  the  bones. 

Sjnovial  Membrane. — The  synovial  membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane  (Fig.  481). 

MoTttments. — ^The  movements  permitted  between  these  bones  are  limited  to  a  slight  gliding 
upon  each  other. 

Applied  Anatomy. — In  spite  of  the  great  strength  of  the  ligaments  which  connect  the  tarsal 
bones  together,  dislocation  at  some  of  the  tarsal  joints  does  occasionally  occur.  When  this 
takes  place,  it  is  most  commonly  in  connection  with  the  talus;  for  not  only  may  this  bone  be 
dislocated  from  the  tibia  and  fibula  at  the  ankle-joint,  but  the  other  bones  may  be  dislocated 
from  it,  the  bone  remaining  in  situ  in  the  tibiofibular  mortise.  This  constitutes  what  is  known  as 
the  ntbtolor  dislocation.  Or,  again,  the  talus  may  be  dislocated  from  all  its  connections — ^from  the 
tibia  and  fibula  above,  the  calcaneous  below,  and  the  navicular  in  front — and  may  even  undergo 
a  rotation,  on  either  a  vertical  or  a  horizontal  axis.  In  the  former  case  the  long  axis  of  the  bone 
is  directed  across  the  joint,  so  that  the  head  faces  the  articular  surface  on  one  or  other  maUeolus; 
in  the  latter,  the  collateral  surfaces  are  directed  upward  and  downward,  so  that  the  superior 
BQrface  faces  to  one  or  the  other  side.  Reduction  in  these  cases  is  often  very  difficult  or  impossible, 
and  the  displaced  talus  may  require  removal  by  open  operation.  Dislocation  may  also  occur 
at  the  transverse  tarsal  joint,  the  anterior  tarsal  bones  being  luxated  from  the- talus  and  calcaneus. 
The  other  tarsal  bones  are  occasionally,  though  rarely,  dislocated  from  their  connections. 

VI.    Tarsometatarsal  Artiealatioiis  (Artieolationes  Tarsometatarseae). 

These  are  arthrodial  joints.  The  bones  entering  into  their  formation  are  the 
first,  second,  and  third  cuneiforms,  and  the  cuboid,  which  articulate  with  the  bases 
of  the  metatarsal  bones.  The  first  metatarsal  bone  articulates  with  the  first  cunei- 
form; the  second  is  deeply  wedged  in  between  the  first  and  third  cuneiforms 
articulating  by  its  base  with  the  second  cuneiform;  the  third  articulates  with  the 
third  cuneiform;  the  fourth,  with  the  cuboid  and  third  cuneiform;  and  the  fifth, 
^h  the  cuboid.  The  bones  are  connected  by  dorsal,  plantar,  and  interosseous 
ligaments. 

The  Dorsal  ligaments  (ligamenta  tarsometatarsea  dorsalia), — The  dorsal  ligaments 
are  strong,  flat  bands.  The  first  metatarsal  is  joined  to  the  first  cuneiform  by  a 
broad,  thin  band;  the  second  has  three,  one  from  each  cuneiform  bone;  the  third 
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has  one  from  the  third  cuneiform;  the  fourth  has  one  from  the  third  cuneiform 
and  one  from  the  cuboid;  and  the  fifth,  one  from  the  cuboid. 

The  Plantar  Ligaments  (ligamerUa  tarsometatarsea  planiaria). — ^The  plantar  liga- 
ments consist  of  longitudinal  and  oblique  bands,  disposed  with  less  regularity 
than  the  dorsal  ligaments.  Those  for  the  first  and  second  metatarsals  are  the 
strongest;  the  second  and  third  metatarsals  are  joined  by  oblique  bands  to  the 
first  cuneiform;  the  fourth  and  fifth  metatarsals  are  connected  by  a  few  fibres 
to  the  cuboid. 

The  Interosseous  Ligaments  (ligamenta  cuneometatarsea  interossia). — ^The  inter- 
osseous ligaments  are  three  in  number.  The  first  is  the  strongest,  and  passes  from 
the  lateral  surface  of  the  first  cuneiform  to  the  adjacent  angle  of  the  second  meta- 
tarsal. The  second  connects  the  third  cuneiform  with  the  adjacent  angle  of  the 
second  metatarsal.  The  third  connects  the  lateral  angle  of  the  third  cuneiform 
with  the  adjacent  side  of  the  base  of  the  third  metatarsal. 

Synovial  Membrane  (Fig.  481). — The  synovial  membrane  between  the  first  cimeiform  and 
the  first  metatarsal  forms  a  distinct  sac.  The  synovial  membrane  between  the  second  and  third 
cmieiforms  behind,  and  the  second  and  third  metatarsal  bones  in  front,  is  part  of  the  great  tarsal 
synovial  membrane.  Two  prolongations  are  sent  forward  from  it,  one  between  the  adjacent  sides 
of  the  second  and  third,  and  another  between  those  of  the  third  and  fourth  metatarsal  bones. 
The  synovial  membrane  between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones  forms  a 
distinct  sac.    Frorivit  a  prolongation  is  sent  forward  between  the  fourth  and  fifth  metatarsal  bones. 

MoTements. — Tlie  movements  permitted  between  the  tarsal  and  metatarsal  bones  are  limited 
to  slight  gliding  of  the  bones  upon  each  other. 

Nerve  Supply. — The  intertarsal  and  tarsometatarsal  joints  are  supplied  by  the  deep  peroneal 
nerve. 

Vn.     Intermetatarsal  Articulations  (Articalationes  Intermetatarseae) . 

The  base  of  the  first  metatarsal  is  not  connected  with  that  of  the  second  by  any 
ligaments;  in  this  respect  the  great  toe  resembles  the  thumb. 

The  bases  of  the  other  four  metatarsals  are  connected  by  the  dorsal,  plantar, 
and  interosseous  ligaments. 

The  Dorsal  Ligaments  (ligamenta  basium  [oss.  metatars.]  dorsalia)  pass  transversely 
between  the  dorsal  surfaces  of  the  bases  of  the  adjacent  metatarsal  bones. 

The  Plantar  Ligaments  (ligamenta  basium  [oss,  metatars]  plantaria). — The  plantar 
ligaments  have  a  similar  arrangement  to  the  dorsal. 

The  Interosseous  Ligaments  {ligamenta  basium  [oss.  metatars,]  interossea), — ^The 
interosseous  ligaments  consist  of  strong  transverse  fibres  which  connect  the  rough 
non-articular  portions  of  the  adjacent  surfaces. 

Synovial  Membranes  (Fig.  481). — The  synovial  membranes  between  the  second  and  third, 
and  the  third  and  fourth  metatarsal  bones  are  part  of  the  great  tarsal  synovial  membrane;  that 
between  the  fourth  and  fifth  is  a  prolongation  of  the  synovial  membrane  of  the  cuboideometatarsal 
joint. 

Movements. — The  movement  permitted  between  the  tarsal  ends  of  the  metatarsal  bones 
is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  one  another. 

The  heads  of  all  the  metatarsal  bones  are  connected  together  by  the  transverse 
metatarsal  ligament. 

The  Transverse  Metatarsal  Ligament. — ^The  transverse  metatarsal  ligament  is  a 
narrow  band  which  runs  across  and  connects  together  the  heads  of  all  the  meta- 
tarsal bones;  it  is  blended  anteriorly  with  the  plantar  (glenoid)  ligaments  of  the 
metatarsophalangeal  articulations.  Its  plantar  surface  is  concave  where  the 
Flexor  tendons  run  below  it;  above  it  the  tendons  of  the  Interossei  pass  to  their 
insertions.  It  differs  from  the  transverse  metacarpal  ligament  in  that  it  connects 
the  metatarsal  to  the  others. 

The  Synovial  Membranes  in  the  Tarsal  and  Tarsometatarsal  Joints  (Fig.  481). — The  s3movial 
membranes  found  in  the  articulations  of  the  tarsus  and  metatarsus  are  six  in  number:    one  for 
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the  talocalcaneal  articulation;  a  second  for  the  talocalcaneonavicular  articulation;  a  third  for 
the  calcaneocuboid  articulation;  and  a  fourth  for  the  cuneonavicular,  intercuneiform,  and  cuneo- 
cuboid  articulations,  the  articulations  of  the  second  and  third  cuneiforms  with  the  bases  of  the 
second  and  third  metatarsal  bones,  and  the  adjacent  surfaces  of  the  bases  of  the  second,  third, 
and  fourth  metatarsal  bones;  a  fifth  for  the  first  cuneiform  with  the  metatarsal  bone  of  the  great 
toe;  and  a  sixth  for  the  articulation  of  the  cuboid  with  the  fourth  and  fifth  metatarsal  bones. 
A  small  synovial  cavity  is  sometimes  found  between  the  contiguous  surfaces  of  the  navicular 
and  cuboid  bones. 

Tin.    Metatarsophalangeal  Articulations  (Articulationes  Metatarsophalangeae). 

The  metatarsophalangeal  articulations  are  of  the  condyloid  kind,  formed  by 
the  reception  of  the  rounded  heads  of  the  metatarsal  bones  in  shallow  cavities 
on  the  ends  of  the  first  phalanges. 

The  ligaments  are  the  plantar  and  two  collateral. 

The  Plantar  Ligaments  {ligamenta  accessoria  plantaria;  glenoid  ligaments  of  Cru- 
wXhier). — ^The  plantar  ligaments  are  thick,  dense,  fibrous  structures.  They  are 
placed  on  the  plantar  surfaces  of  the  joints  in  the  intervals  between  the  collateral 
ligaments,  to  which  they  are  connected;  they  are  loosely  united  to  the  metatarsal 
bones,  but  very  firmly  to  the  bases  of  the  first  phalanges.  Their  plantar  surfaces 
are  mtimately  blended  with  the  transverse  metatarsal  ligament,  and  grooved  for 
the  passage  of  the  Flexor  tendons,  the  sheaths  surrounding  which  are  connected 
to  the  sides  of  the  grooves.  Their  deep  surfaces  form  part  of  the  articular  facets 
for  the  heads  of  the  metatarsal  bones,  and  are  lined  by  synovial  membrane. 

The  Collateral  Ligaments  {ligamenta  collateralia;  lateral  ligamsnts). — ^The  collat- 
eral ligaments  are  strong,  rounded  cords,  placed  one  on  either  side  of  each  joint, 
and  attached,  by  one  end,  to  the  posterior  tubercle  on  the  side  of  the  head  of  the 
metatarsal  bone,  and,  by  the  other,  to  the  contiguous  extremity  of  the  phalanx. 

The  place  of  dorsal  ligaments  is  supplied  by  the  Extensor  tendons  on  the  dorsal 
surfaces  of  the  joints. 

MoTttments. — The  movements  permitted  in  the  metatarsophalangeal  articulations  are  flexion, 
extension,  abduction,  and  adduction. 

B.  Articulations  of  the  Digits  (Articulationes  Digitorum  Pedis;  Articulations  of 

the  Phalanges). 

The  interphalangeal  articulations  are  ginglymoid  joints,  and  each  has  a  plantar 
and  two  collateral  ligaments. 

The  arrangement  of  these  ligaments  is  similar  to  that  in  the  metatarsophalangeal 
articulations:  the  Extensor  tendons  supply  the  places  of  dorsal  ligaments. 

HoTenunts. — The  only  movements  permitted  in  the  joints  of  the  digits  are  flexion  and  exten- 
sion; thes«  movements  are  more  extensive  between  the  first  and  second  phalanges  than  between 
the  second  and  third.  The  amount  of  flexion  is  very  considerable,  but  extension  is  hmited  by  the 
plantar  and  collateral  ligaments. 

Applied  Anatomy. — Gout  peculiarly  affects  the  metatarsophalangeal  joint  of  the  big  toe,  be- 
ginning with  the  deposit  of  sodium  and  calcium  urates  in  the  articular  cartilages,  and  slow  necrosis 
of  the  surrounding  tissue.  Later  the  circumarticular  fibrous  tissue  becomes  the  seat  of  these 
gouty  deposits,  and  considerable  thickening  and  deformity  may  result.  The  other  chief  joint 
affections,  such  as  rheumatism,  gonorrhoeal  arthritis,  tuberculosis,  or  syphilis,  seldom  attack 
the  big  toe-joint;  but  septic  arthritis  associated  with  perforating  ulcer  of  the  foot  is  not  uncommon. 

Arches  of  the  Foot. 

In  order  to  allow  it  to  support  the  weight  of  the  body  in  the  erect  posture  with 
the  least  expenditure  of  material,  the  foot  is  constructed  of  a  series  of  arches 
formed  by  the  tarsal  and  metatarsal  bones,  and  strengthened  by  the  ligaments 
and  tendons  of  the  foot. 
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The  main  arches  are  the  antero-posterior  arches,  which  may,  for  descriptive 
purposes,  be  regarded  as  divisible  into  two  types — a  medial  and  a  lateral.  The 
medial  arch  (see  Fig.  417,  page  376)  is  made  up  by  the  calcaneus,  the  talus,  the 
navicular,  the  three  cuneiforms,  and  the  first,  second,  and  third  metatarsals.  Its 
summit  is  at  the  superior  articular  surface  of  the  talus,  and  its  two  extremities  or 
piers,  on  which  it  rests  in  standing,  are  the  tuberosity  on  the  plantar  surface  of 
the  calcaneus  posteriorly  and  the  heads  of  the  first,  second,  and  third  metatarsal 
bones  anteriorly.  The  chief  characteristic  of  this  arch  is  its  elasticity,  due  to  its 
height  and  to  the  number  of  small  joints  between  its  component  parts.  Its  weakest 
part,  1.  e.,  the  part  most  liable  to  yield  from  overpressure,  is  the  joint  between 
the  talus  and  navicular,  but  this  portion  is  braced  by  the  plantar  calcaneonavicular 
ligament,  which  is  elastic  and  is  thus  able  to  quickly  restore  the  arch  to  its  pristine 
condition  when  the  disturbing  force  is  removed.  The  ligament  is  strengthened 
medially  by  blending  with  the  deltoid  ligament  of  the  ankle-joint,  and  is  supported 
inferiorly  by  the  tendon  of  the  Tibialis  posterior,  which  is  spread  out  in  a  fan- 
shaped  insertion  and  prevents  undue  tension  of  the  ligament  or  such  an  amount 
of  stretching  as  would  permanently  elongate  it.  The  arch  is  further  supported  by 
the  plantar  aponeurosis,  by  the  small  muscles  in  the  sole  of  the  foot,  by  the  tendons 
of  the  Tibialis  anterior  and  posterior  and  Peronaeus  longus,  and  by  the  ligaments 
of  all  the  articulations  involved.  The  lateral  arch  (see  Fig.  418,  page  376)  is  com- 
posed of  the  calcaneus,  the  cuboid,  and  the  fourth  and  fifth  metatarsals.  Its 
summit  is  at  the  talocalcaneal  articulation,  and  its  chief  joint  is  the  calcaneocuboid, 
which  possesses  a  special  mechanism  for  locking,  and  allows  only  a  limited  move- 
ment. The  most  marked  features  of  this  arch  are  its  solidity  and  its  slight  eleva- 
tion; two  strong  ligaments,  the  long  plantar  and  the  plantar  calcaneocuboid, 
together  with  the  Extensor  tendons  and  the  short  muscles  of  the  little  toe,  preserve 
its  integrity. 

While  these  medial  and  lateral  arches  may  be  readily  demonstrated  as  the 
component  antero-posterior  arches  of  the  foot,  yet  the  fundamental  longitudinal 
arch  is  contributed  to  by  both,  and  consists  of  the  calcaneus,  cuboid,  third  cunei- 
form, and  third  metatarsal :  all  the  other  bones  of  the  foot  may  be  removed  without 
destroying  this  arch. 

In  addition  to  the  longitudinal  arches  the  foot  presents  a  series  of  transYerse 
arches.  At  the  posterior  part  of  the  metatarsus  and  the  anterior  part  of  the  tarsus 
the  arches  are  complete,  but  in  the  middle  of  the  tarsus  they  present  more  the 
characters  of  half-domes  the  concavities  of  which  are  directed  downward  and 
medialward,  so  that  when  the  medial  borders  of  the  feet  are  placed  in  apposition 
a  complete  tarsal  dome  is  formed.  The  transverse  arches  are  strengthened  by  the 
interosseous,  plantar,  and  dorsal  ligaments,  by  the  short  muscles  of  the  first  and 
fifth  toes  (especially  the  transverse  head  of  the  Adductor  hallucis),  and  by  the 
Peronaeus  longus,  whose  tendon  stretches  across  between  the  piers  of  the  arches. 
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THE  Muscles  are  connected  with  the  bones,  cartilages,  ligaments,  and  skin, 
either  directly,  or  through  the  intervention  of  fibrous  structures  called  tendons 
or  aponeuroses.  Where  a  muscle  is  attached  to  bone  or  cartilage,  the  fibres  end 
in  blunt  extremities  upon  the  periosteum  or  perichondrium,  and  do  not  come  into 
direct  relation  with  the  osseous  or  cartilaginous  tissue.  Where  muscles  are  con- 
nected with  its  skin,  they  lie  as  a  flattened  layer  beneath  it,  and  are  connected 
with  its  areolar  tissue  by  larger  or  smaller  bundles  of  fibres,  as  in  the  muscles  of 
the  face. 

The  muscles  vary  extremely  in  their  form.  In  the  limbs,  they  are  of  considerable 
length,  especially  the  more  superficial  ones;  they  surround  the  bones,  and  constitute 
an  important  protection  to  the  various  joints.  In  the  trunk,  they  are  broad, 
flattened,  and  expanded,  and  assist  in  forming  the  walls  of  the  trunk  cavities. 
Hence  the  reason  of  the  terms,  long,  broad,  short,  etc.,  used  in  the  description  of  a 
muscle. 

There  is  considerable  variation  in  the  arrangement  of  the  fibres  of  certain  muscles 
with  reference  to  the  tendons  to  which  they  are  attached.    In  some  muscles  the 
fibres  are  parallel  and  run  directly  from  their  origin  to  their  insertion;  these  are 
quadrilateral  muscles,  such  as  the  Thyreohyoideus.    A  modification  of  these  is 
found  in  the  fusiform  muscles,  in  which  the  fibres  are  not  quite  parallel,  but  slightly 
curved,  so  that  the  muscle  tapers  at  either  end;  in  their  actions,  however,  they 
resemble  the  quadrilateral  muscles.    Secondly,  in  other  muscles  the  fibres  are 
convergent;  arising  by  a  broad  origin,  they  converge  to  a  narrow  or  pointed  inser- 
tion.   This  arrangement  of  fibres  is  found  in  the  triangular  muscles — e,  g.,  the 
Temporalis.    In  some  muscles,  which  otherwise  would  belong  to  the  quadrilateral 
or  triangular  type,  the  origin  and  insertion  are  not  in  the  same  plane,  but  the  plane 
of  the  line  of  origin  intersects  that  of  the  line  of  insertion;  such  is  the  case  in  the 
Pectineus.    Thirdly,  in  some  muscles  (e.  g.,  the  Peronei)  the  fibres  are  oblique  and 
converge,  like  the  plumes  of  a  quill  pen,  to  one  side  of  a  tendon  which  runs  the  entire 
length  of  the  muscle;  such  muscles  are  termed  unipennate.    A  modification  of  this 
condition  is  found  where  oblique  fibres  converge  to  both  sides  of  a  central  tendon; 
these  are  called  bipennate,  and  an  example  is  afforded  in  the  Rectus  femoris. 
Finally,  there  are  muscles  in  which  the  fibres  are  arranged  in  curved  bundles  in 
one  or  more  planes,  as  in  the  Sphincters.    The  arrangement  of  the  fibres  is  of  con- 
siderable importance  in  respect  to  the  relative  strength  and  range  of  movement 
of  the  muscle.    Those  muscles  where  the  fibres  are  long  and  few  in  number  have 
great  range,  but  diminished  strength;  where,  on  the  other  hand,  the  fibres  are 
short  and  more  numerous,  there  is  great  power,  but  lessened  range. 

The  names  applied  to  the  various  muscles  have  been  derived:  (1)  from  their 
situation,  as  the  Tibialis,  Radialis,  Ulnaris,  Peronaeus ;  (2)  from  their  direction,  as 
the  Rectus  abdominis,  Obliqui  capitis,  Transversus  abdominis;  (3)  from  their  uses, 
as  Flexors,  Extensors,  Abductors,  etc. ;  (4)  from  their  shape,  as  the  Deltoideus, 

^  The  musclefl  and  faacis  are  described  conjointly,  in  order  that  the  student  may  consider  the  arrangement  of  the 
latter  in  fajs  dissection  of  the  former.  It  is  rare  for  the  student  of  anatomy  in  this  country  to  have  the  opportunity 
w  dinecting  the  fascis  separately;  and  it  is  for  this  reason,  as  well  as  from  the  close  connection  that  exists  between 
the  mittdes  and  their  investing  sheaths,  that  they  are  considered  togfether.  Some  general  observations  are  first  made 
on  the  aostomy  of  the  muscles  and  fascise,  the  special  descriptions  being  given  in  connection  with  the  different  regions. 
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Rhomboideus;  (5)  from  the  number  of  their  divisions,  as  the  Biceps  and  Triceps; 
(6)  from  their  points  of  attachment,  as  the  Sternocleidomastoideus,  Sternohyoideus, 
Sternothyreoideus. 

In  the  description  of  a  muscle,  the  term  orig^in  is  meant  to  imply  its  more  fixed 
or  central  attachment;  and  the  term  insertion  the  movable  point  on  which  the  force 
of  the  muscle  is  applied;  but  the  origin  is  absolutely  fixed  in  only  a  small  number 
of  muscles,  such  as  those  of  the  face  which  are  attached  by  one  extremity  to  immov- 
able bones,  and  by  the  other  to  the  movable  integument;  in  the  greater  number, 
the  muscle  can  be  made  to  act  from  either  extremity. 

In  the  dissection  of  the  muscles,  attention  should  be  directed  to  the  exact  ori^n, 
insertion,  and  actions  of  each,  and  to  its  more  important  relations  with  surrounding 
parts.  While  accurate  knowledge  of  the  points  of  attachment  of  the  muscles  is 
of  great  importance  in  the  determination  of  their  actions,  it  is  not  to  be  regarded 
as  conclusive.  The  action  of  the  muscle  deduced  from  its  attachments,  or  even 
by  pulling  on  it  in  the  dead  subject,  is  not  necessarily  its  action  in  the  living.  By 
pulling,  for  example,  on  the  Brachioradialis  in  the  cadaver  the  hand  may  be  slightly 
supinated  w^hen  in  the  prone  position  and  slightly  pronated  when  in  the  supine 
position,  but  there  is  no  evidence  that  these  actions  are  performed  by  the  muscle 
during  life.  It  is  impossible  for  an  individual  to  throw  into  action  any  one  muscle; 
in  other  words,  movements,  not  muscles,  are  represented  in  the  central  nervous 
system.  To  carry  out  a  movement  a  definite  combination  of  muscles  is  called  into 
play,  and  the  individual  has  no  power  either  to  leave  out  a  muscle  from  this  com- 
bination or  to  add  one  to  it.  One  (or  more)  muscle  of  the  combination  is  the  chief 
moving  force;  when  this  muscle  passes  over  more  than  one  joint  other  muscles 
(sjrngeric  muscles)  come  into  play  to  inhibit  the  movements  not  required;  a  third 
set  of  muscles  (fixation  muscles)  fix  the  limb — i,  e,,  in  the  case  of  the  limb-movements 
— and  also  prevent  disturbances  of  the  equilibrium  of  the  body  generally.  As  an 
example,  the  movement  of  the  closing  of  the  fist  may  be  considered:  (1)  the  prime 
movers  are  the  Flexores  digitorum.  Flexor  poUicis  longus,  and  the  small  muscles 
of  the  thumb;  (2)  the  synergic  muscles  are  the  Extensores  carpi,  which  prevent 
flexion  of  the  wrist;  while  (3)  the  fixation  muscles  are  the  Biceps  and  Triceps 
brachii,  which  steady  the  elbow  and  shoulder.  A  further  point  which  must  be 
borne  in  mind  in  considering  the  actions  of  muscles  is  that  in  certain  positions 
a  movement  can  be  effected  by  gravity,  and  in  such  a  case  the  muscles  acting  are 
the  antagonists  of  those  which  might  be  supposed  to  be  in  action.  Thus  in  flexing 
the  trunk  when  no  resistance  is  interposed  the  Sacrospinales  contract  to  regulate 
the  action  of  gravity,  and  the  Recti  abdominis  are  relaxed.* 

By  a  consideration  of  the  action  of  the  muscles,  the  surgeon  is  able  to  explain 
the  causes  of  displacement  in  various  forms  of  fracture,  and  the  causes  which  pro- 
duce distortion  in  various  deformities,  and,  consequently,  to  adopt  appropriate 
treatment  in  each  case.  The  relations,  also,  of  some  of  the  muscles,  especially 
those  in  immediate  apposition  with  the  larger  bloodvessels,  and  the  surface  mark- 
ings they  produce,  should  be  remembered,  as  they  form  useful  guides  in  the 
application  of  ligatures  to  those  vessels. 

The  minute  anatomy  of  muscular  tissue  is  described  on  pages  64  to  69. 

Applied  Anatomy. — Degeneration  of  muscular  tissue  is  important  clinically,  and  is  met  with 
in  two  main  conditions.  In  one,  the  degeneration  is  myopathic,  or  primary  in  the  muscles  them- 
selves; in  the  other  it  is  neuropathic,  or  secondary  to  some  lesion  of  the  nervous  system — a  hemor- 
rhage into  the  brain,  for  example,  or  injury  or  inflammation  of  some  part  of  the  medulla  spinalis 
or  peripheral  nerves.  In  either  case  more  or  less  paralysis  and  atrophy  of  the  affected  muscles 
result.  When  the  degeneration  begins  primarily  in  the  muscles,  however,  it  often  happens  that 
though  the  muscle  fibres  waste  away,  their  place  is  taken  by  fibrous  and  fatty  tissue  to  such 
aa  extent  that  the  affected  muscles  increase  in  volume,  and  actually  appear  to  hypertrophy. 

^  Consult  in  this  connection  the  Croonian  Lectures  (1933)  on  "Muscular  Movements  and  Their  Representation  in 
the  Central  Nervous  System,"  by  Charles  E.  Beevor,  M.D. 
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Ossification  of  muscular  tissue  as  a  result  of  repeated  strain  or  injury  is  not  infrequent.  It 
is  oftenest  found  about  the  tendon  of  the  Adductor  longus  and  Vastus  medialis  in  horsemen, 
or  in  the  Pectoralis  major  and  Deltoideus  of  soldiers.  It  may  take  the  form  of  exostoses  firmly 
fixed  to  the  bone — c.  g.j  "rider's  bone"  on  the  femur— .or  of  layers  or  spicules  of  bone  lying  in 
the  muscles  or  their  fascise  and  tendons.  Busse  states  that  these  bony  deposits  are  preceded 
by  a  hemorrhagic  myositis  due  to  injury,  the  effused  blood  organizing  and  being  finally  converted 
into  bone.  In  the  rarer  disease,  progressive  myositis  ossificans,  there  is  an  unexplained  tendency 
for  practically  any  of  the  voluntary  muscles  to  become  converted  into  solid  and  brittle  bony 
masses  which  are  completely  rigid. 

^^  TENDONS,  AP0NEX7B0SES,  AND  FASCUE. 

Tendons  are  white,  glistening,  fibrous  cords,  var\'ing  in  length  and  thickness, 
sometimes  round,  sometimes  flattened,  and  devoid  of  elasticity.  They  consist 
almost  entirely  of  white  fibrous  tissue,  the  fibrils  of  which  have  an  undulating 
course  parallel  with  each  other  and  are  firmly  united  together.  They  are  very 
sparingly  supplied  with  bloodvessels,  the  smaller  tendons  presenting  in  their 
interior  no  trace  of  them.  Nerves  supplying  tendons  have  special  modifications 
of  their  terminal  fibres,  named  organs  of  Golgi. 

Aponeuroses  are  flattened  or  ribbon-shaped  tendons,  of  a  pearly  white  color, 
iridescent,  glistening,  and  similar  in  structure  to  the  tendons.  They  are  only 
sparingly  supplied  with  bloodvessels. 

The  tendons  and  aponeuroses  are  connected,  on  the  one  hand,  with  the  muscles, 
and,  on  the  other  hand,  with  the  movable  structures,  as  the  bones,  cartilages  liga- 
ments, and  fibrous  membranes  (for  instance,  the  sclera).  Where  the  muscular  fibres 
are  in  a  direct  line  with  those  of  the  tendon  or  aponeurosis,  the  two  are  directly 
continuous.  But  where  the  muscular  fibres  join  the  tendon  or  aponeurosis  at  an 
oblique  angle,  they  end,  according  to  KoUiker,  in  rounded  extremities  which  are 
received  into  corresponding  depressions  on  the  surface  of  the  latter,  the  connective 
tissue  between  the  muscular  fibres  being  continuous  with  that  of  the  tendon.  The 
latter  mode  of  attachment  occurs  in  all  the  penniform  and  bipenniform  muscles, 
and  in  those  muscles  the  tendons  of  which  commence  in  a  membranous  form, 
as  the  Gastrocnemius  and  Soleus. 

The  fasciiB  are  fibroareolar  or  aponeurotic  laminae,  of  variable  thickness  and 
strength,  found  in  all  regions  of  the  body,  investing  the  softer  and  more  delicate 
organs.  During  the  process  of  development  many  of  the  cells  of  the  mesoderm 
are  difiFerentiated  into  bones,  muscles,  vessels,  etc. ;  the  cells  of  the  mesoderm  which  ' 
are  not  so  utilized  form  an  investment  for  these  structures  and  are  differentiated 
into  the  true  skin  and  the  fascise  of  the  body.  They  have  been  subdivided,  from 
the  situations  in  which  they  occur,  into  superficial  and  deep. 

The  superficial  fascia  is  found  immediately  beneath  the  integument  over  almost  the 
entire  surface  of  the  body.  It  connects  the  skin  with  the  deep  fascia,  and  consists 
of  fibroareolar  tissue,  containing  in  its  meshes  pellicles  of  fat  in  varying  quantity. 
It  varies  in  thickness  in  different  parts  of  the  body ;  in  the  groin  it  is  so  thick  that 
it  may  be  subdivided  into  several  laminae.  Beneath  the  fatty  layer  there  is  generally 
another  layer  of  superficial  fascia,  comparatively  devoid  of  adipose  tissue,  in  which 
the  trunks  of  the  subcutaneous  vessels  and  nerves  are  found,  as  the  superficial 
epigastric  vessels  in  the  abdominal  region,  the  superficial  veins  in  the  forearm, 
the  saphenous  veins  in  the  leg  and  thigh,  and  the  superficial  lymph  glands.  Certain 
cutaneous  muscles  also  are  situated  in  the  superficial  fascia,  as  the  Platysma  in 
the  neck,  and  the  Orbicularis  oculi  around  the  eyelids.  This  fascia  is  most  dis- 
tinct at  the  lower  part  of  the  abdomen,  perineum,  and  extremities;  it  is  very  thin 
in  those  regions  where  muscular  fibres  are  inserted  into  the  integument,  as  on  the 
side  of  the  neck,  the  face,  and  around  the  margin  of  the  anus.  It  is  very  dense  in 
the  scalp,  m  the  palms  of  the  hands,  and  soles  of  the  feet,  forming  a  fibro-fatty 
layer,  which  binds  the  integument  firmly  to  the  underlying  structures. 
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The  superficial  fascia  connects  the  skin  to  the  subjacent  parts,  facilitates  the 
movement  of  the  skin,  serves  as  a  soft  nidus  for  the  passage  of  vessels  and  ner\'es 
to  the  integument,  and  retains  the  warmth  of  the  body,  since  the  fat  contained  in 
its  areolae  is  a  bad  conductor  of  heat. 

The  de«p  faacia  is  a  dense,  inelastic,  fibrous  membrane,  forming  sheaths  for  the 
muscles,  and  in  some  cases  affording  them  broad  surfaces  for  attachment.  It 
consists  of  shining  tendinous  fibres,  placed  parallel  with  one  another,  and  connected 
together  by  other  fibres  disposed  in  a  rectilinear  manner.  It  forms  a  strong  invest- 
ment which  not  only  binds  down  collectively  the  muscles  in  each  region,  but  gives  a 
separate  sheath  to  each,  as  well  as  to  the  vessels  and  nerves.  The  fascite  are  thick 
in  unprotected  situations,  as  on  the  lateral  side  of  a  limb,  and  thinner  on  the  medial 
side.  The  deep  fascife  assist  the  muscles  in  their  actions,  by  the  degree  of  tension 
and  pressure  they  make  upon  their  surfaces;  and,  in  certain  situations,  where  they 
are  strengthened  by  the  presence  in  them  of  degenerated  muscular  fibres  which 
have  become  converted  into  fibrous  sheets,  the  degree  of  tension  and  pressure 
is  regulated  by  the  associated  muscles,  as,  for  instance,  by  the  Tensor  fasciae  latae 
and  Glutaeus  maximus  in  the  thigh,  by  the  Biceps  in  the  upper  and  lower  extremi- 
ties, and  Palmaris  longus  in  the  hand.  In  the  limbs,  the  fascise  not  only  invest 
the  entire  limb,  but  give  off  septa  which  separate  the  various  muscles,  and  are 
attached  to  the  periosteum:  these  prolongations  of,  fascise  are  usually  spoken  of  as 
intermuscular  septa. 

The  Fascise  and  Muscles  may  be  arranged,  according  to  the  general  division 
of  the  body,  into  those  of  the  head  and  neck;  of  the  trank;  of  the  upper  extremity; 
and  of  the  lower  extremity. 


THE  FASCIA  AND  MUSCLES  OF  THE  HEAD. 

I.  THE  MUSCLE  OF   THE  SCALP. 

Epicranius. 

-^The  head  being  shaved,  and  a  block  placed  beneath  the  back  of  the 
icision  through  the  skin,  commencing  at  the  root  of  the  noae  in  front, 


/  aitncular  region, 

7.  S.  of  n«*. 


and  terminating  behind  at  the  occipital  protuberance;  make  a  second  incision  in  a  horiiontal 
direction  along  the  forehead  and  around  the  side  of  the  bead,  from  the  anterior  to  the  posterior 
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extremity  of  the  preceding.  Raiee  the  skin  in  front,  from  the  subjacent  muscle,  from  below 
uptrard;  this  must  be  done  with  extreme  care,  removing  the  intepiment  from  the  outer  surface 
of  the  veBsela  and  the  nerves  which  lie  immediately  beneath  the  skin. 

Tha  SUn  of  111*  Bealp.^This  is  thicker  than  in  any  other  part  of  the  body.  It  is  intimately 
adherent  to  the  superficial  fascia,  which  attaches  it  firmly  to  the  underlying  aponeurosis  and 
muscle.  Movements  of  the  muscle  move  the  skin.  The  hair  foUiclee  are  very  closely  set  together, 
iod  extend  throughout  the  whole  thickness  of  the  skin.  It  also  contains  a  number  of  sebaceous 
glands. 


Ihlalalar  nariffi 


The  superficial  fascia  in  the  cranial  region  is  a  firm,  dense,  fibro-fatty  layer, 
intimately  adherent  to  the  integument,  and  to  the  Epicranius  and  its  tendinous 
aponeurosis;  it  is  continuous,  behind,  with  the  superficial  fascia  at  the  back  of  the 
neck;  and,  laterally,  is  continued  over  the  temporal  fascia.  It  contains  between 
its  layers  the  superficial  vessels  and  nerves  and  much  granular  fat. 

The  Epicranios  (OccipUofTOntalis)  (Fig.  4S3)  is  a  broad,  musculofibrous  layer, 
which  covers  the  whole  of  one  side  of  the  vertex  of  the  skull,  from  the  occipital 
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bone  to  the  eyebrow.  It  consists  of  two  parts,  the  Occipitalis  and  the  Frontalis, 
connected  by  an  intervening  tendinous  aponeurosis,  the  galea  aponeurotica. 

The  Occipitalis,  thin  and  quadrilateral  in  form,  arises  by  tendinous  fibres  from 
the  lateral  two-thirds  of  the  superior  nuchal  line  of  the  occipital  bone,  and  from 
the  mastoid  part  of  the  temporal.    It  ends  in  the  galea  aponeurotica. 

The  FrontaliB  is  thin,  of  a  quadrilateral  form,  and  intimately  adherent  to  the 
superficial  fascia.  It  is  broader  than  the  Occipitalis  and  its  fibres  are  longer  and 
paler  in  color.  It  has  no  bony  attachments.  Its  medial  fibres  are  continuous  with 
those  of  the  Procerus;  its  immediate  fibres  blend  with  the  Corrugator  and  Orbicu- 
laris oculi;  and  its  lateral  fibres  are  also  blended  with  the  latter  muscle  over 
the  zygomatic  process  of  the  frontal  bone.  From  these  attachments  the  fibres 
are  directed  upward,  and  join  the  galea  aponeurotica  below  the  coronal  suture. 
The  medial  margins  of  the  Frontales  are  joined  together  for  some  distance  above 
the  root  of  the  nose;  but  between  the  Occipitales  there  is  a  considerable,  though 
variable,  interval,  occupied  by  the  galea  aponeurotica. 

The  galea  aponeurotica  {epicranial  aponeurosis)  covers  the  upper  part  of  the 
cranium;  behind,  it  is  attached,  in  the  interval  between  the  Occipitales,  to  the 
external  occipital  protuberance  and  highest  nuchal  lines  of  the  occipital  bone; 
in  front,  it  forms  a  short  and  narrow  prolongation  between  the  Frontales.  On 
either  side  it  gives  origin  to  the  Auriculares  anterior  and  superior;  in  this  situation 
it  loses  its  aponeurotic  character,  and  is  continued  over  the  temporal  fascia  to  the 
zygomatic  arch  as  a  layer  of  laminated  areolar  tissue.  It  is  closely  connected  to 
the  integument  by  the  firm,  dense,  fibro-fatty  layer  which  forms  the  superficial 
fascia  of  the  scalp:  it  is  attached  to  the  pericranium  by  loose  cellular  tissue,  which 
allows  the  aponeurosis,  carrying  with  it  the  integument  to  move  through  a  consid- 
erable distance. 

Nerves. — The  Frontalis  is  supplied  by  the  temporal  branches  of  the  facial  nerve,  and  the 
Occipitalis  by  the  posterior  auricular  branch  of  the  same  nerve. 

Actions. — ^The  Frontales  raise  the  eyebrows  and  the  skin  over  the  root  of  the  nose,  and  at  the 
same  time  draw  the  scalp  forward,  throwing  the  integument  of  the  forehead  into  transverse 
wrinkles.  The  Occipitales  draw  the  scalp  backward.  By  bringing  alternately  into  action  the 
Frontales  and  Occipitales  the  entire  scalp  may  be  moved  forward  and  backward.  In  the  ordinary 
action  of  the  muscles,  the  eyebrows  are  elevated,  and  at  the  same  time  the  aponeurosis  is  fixed 
by  the  Occipitales,  thus  giving  to  the  face  the  expression  of  smprise;  if  the  action  be  exaggerated, 
the  eyebrows  are  still  further  raised,  and  the  skin  of  the  forehead  thrown  into  transverse  wrinkles, 
as  in  the  expression  of  fright  gr  horror. 

A  thin  muscular  slip,  the  Transversus  nuchae,  is  present  in  a  considerable  pro- 
portion (25  per  cent.)  of  cases;  it  arises  from  the  external  occipital  protuberance 
or  from  the  superior  nuchal  line,  either  superficial  or  deep  to  the  Trapezius;  it 
is  frequently  inserted  with  the  Auricularis  posterior,  but  may  join  the  posterior 
edge  of  the  Sternocleidomastoideus. 

Applied  Anatomy. — From  an  anatomical  point  of  view,  the  scalp  consists  of  five  layers,  viz., 
the  skin,  subcutaneous  tissue,  Epicranius  and  its  aponeurosis,  subaponeurotic  connective  tissue, 
and  pericranium.  But  from  a  surgical  standpoint  it  is  better  to  regard  the  first  three  of  these 
structures  as  a  single  layer,  since  they  are  all  intimately  fused  together,  and  when  torn  off  in  an 
accident,  or  turned  down  as  a  flap  in  a  surgical  operation,  remain  firmly  connected  to  each  other. 
In  consequence  of  the  dense  character  of  the  subcutaneous  tissue,  the  amoimt  of  swelling  which 
occurs  as  the  result  of  inflammation  is  slight;  and  the  edges  of  a  wound  which  does  not  involve 
the  Epicranius  or  its  aponeurosis  do  not  gape.  The  bloodvessels,  also,  which  lie  in  this  tissue, 
when  wounded,  do  not  contract  and  retract  freely;  and  therefore  the  hemorrhage  from  scalp 
wounds  is  often  very  considerable,  but  can  always  be  arrested  by  pressure — a  matter  of  great 
importance,  as  it  is  often  very  difficult  or  impossible  to  pick  up  with  forceps  a  woimded  vessel 
in  the  scalp. 

The  subaponeurotic  connective  tissue  is,  from  a  surgical  point  of  view,  of  considerable  impor- 
tance. It  is  loose  and  lax,  and  is  easily  torn  through;  and  hence,  when  the  scalp  is  wounded,  this 
is  the  tissue  which  is  torn  when  the  flap  is  separated  from  the  parts  beneath.  The  vessels  are 
contained  in  the  flap,  and  there  is  little  risk  of  .sloughing,  unless  the  vitality  of  the  part  has  been 
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Mtually  destroyed  by  the  iniiiry.  In  consequence  of  the  loose  nature  of  the  subaponeurotic 
lissue,  any  septic  inflammation  is  apt  to  assume  a  very  diffuse  form  and  spread  o\-er  the  gkull, 
wd,  unless  relieved  by  timely  incisions,  may  lead  to  serious  complications.  Owing  to  the  attach- 
aentfi  ot  the  aponeurosis  to  the  zygomatic  arch  and  highest  nuchal  line,  subaponeurotic  effusions 

wgdovD  in  these  situations,  but  do  not  extend  beyond  to  the  infratemporal  fossa  or  into  the  neck; 

antenorly,  however,  where  there  ia  no  definite  attachment  to  bone,  the  effusion  will  pass  down 

over  the  nose,  and  into  the  eyelids.    When  making  incisions  into  the  scalp,  care  should  be  taken 

to  avoid  the  course  of  the  main  arteries, 
TTie  skin  of  the  scalp  is  abundantly  supplied  with  sebaceous  and  sudoriparous  glands.    The 

Sonnet  tit  sometimes  the  seat  of  cystic  enlargement,  constituting  the  so-called  stbactous  cy$la 


n.     THE  MUSCUBS  OF  THE  ETEUDS. 

The  muscles  of  the  eyelids  are : 

Levator  palpebrae  superiorls.        Orbicularis  oculi.  Corrugator, 

D^*o*B(m  (Fig.  482).— In  order  to  expose  the  muscles  of  the  face,  continue  the  longitudinal 
incision  made  in  the  dissection  of  the  Epicranius  down  the  median  line  of  the  face  to  the  tip 
of  ihe  nose,  and  from  this  point  onward  to  the  upper  lip;  and  carry  another  incision  along  the 
mupa  oF  the  lip  to  the  angle  of  the  mouth,  and  transversely  across  the  face  to  the  angle  of  the 
mindible.  Then  make  an  incision  in  front  of  the  external  ear,  from  the  angle  of  the  mandible 
upward  to  join  the  transverse  incision  made  in  exposing  the  Epicranius.  These  incisions  include 
a  square-shaped  flap,  which  should  be  removed  in  the  direction  marked  in  the  figure,  with  care, 
u  the  muscles  at  some  points  are  intimately  adherent  to  the  integument. 

The  Levator  palpebrae  superioris  is  described  with  the  Anatomy  of  the  Eye. 


Prabt  in  frontal  til 


tyrhieularjt  ocnii 
Probt  in  lacrimal  .ae 
I  Pmbti  from  fninlal 
Xiinvtarid  ant.  tlh. 
jitoiiaictUt 

Kiddtt  i««Ku( 


Probf  in  iiatolacri 


Fio.  484.— Left  or 


The  Orbicnl&ris  ocoli  {Orbtcuhris  palpebrarum)  (Fig.  484)  arises  from  the  nasal 
part  of  the  frontal  bone,  from  the  frontal  process  of  the  maxilla  in  front  of  the 
lacrimal  groove,  and  from  the  anterior  surface  and  borders  of  a  short  fibrous  band, 
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the  medial  palpebral  ligament.  From  this  origin,  the  fibres  are  directed  lateral- 
ward,  forming  a  broad  and  thin  layer,  which  occupies  the  eyelids  or  palpebrae, 
surrounds  the  circumference  of  the  orbit,  and  spreads  over  the  temple,  and  down- 
ward on  the  cheek.  The  palpebral  pertion  of  the  muscle  is  thin  and  pale;  it  arises 
from  the  bifurcation  of  the  medial  palpebral  ligament,  forms  a  series  of  concentric 
curves,  and  is  inserted  into  the  lateral  palpebral  raphe.  The  orbital  portion  is  thicker 
and  of  a  reddish  color;  its  fibres  form  a  complete  ellipse  without  interruption  at 
the  lateral  palpebral  commissure;  the  upper  fibres  of  this  portion  blend  with  the 
Frontalis  and  Corrugator.  The  lacrimal  part  ( Tensor  tarsi)  is  a  small,  thin  muscle, 
about  6  mm.  in  breadth  and  12  mm.  in  length,  situated  behind  the  medial  palpebral 
ligament  and  lacrimal  sac  (Fig.  484).  It  arises  from  the  posterior  crest  and  adjacent 
part  of  the  orbital  surface  of  the  lacrimal  bone,  and  passing  behind  the  lacrimal 
sac,  divides  into  two  slips,  upper  and  lower,  which  are  inserted  into  the  superior 
and  inferior  tarsi  medial  to  the  puncta  lacrimalia;  occasionally  it  is  very  indistinct. 

The  medial  palpebral  ligament  (tendo  oculi),  about  4  mm.  in  length  and  2  mm. 
in  breadth,  is  attached  to  the  frontal  process  of  the  maxilla  in  front  of  the  lacrimal 
groove.  Crossing  the  lacrimal  sac,  it  divides  into  two  parts,  upper  and  lower, 
each  attached  to  the  medial  end  of  the  corresponding  tarsus.  As  the  ligament 
crosses  the  lacrimal  sac,  a  strong  aponeurotic  lamina  is  given  off  from  its  posterior 
surface;  this  expands  over  the  sac,  and  is  attached  to  the  posterior  lacrimal  crest.  - 

The  lateral  palpebral  raph6  is  a  much  weaker  structure  than  the  medial  palpebral 
ligament.  It  is  attached  to  the  margin  of  the  frontosphenoidal  process  of  the 
zygomatic  bone,  and  passes  medialward  to  the  lateral  commissure  of  the  eyelids, 
where  it  divides  into  two  slips,  which  are  attached  to  the  margins  of  the  respective 
tarsi. 

The  Comigator^  {Corrugator  supercilii)  is  a  small,  narrow,  pyramidal  muscle, 
placed  at  the  medial  end  of  the  eyebrow,  beneath  the  Frontalis  and  Obricularis 
oculi.  It  arises  from  the  medial  end  of  the  superciliary  arch;  and  its  fibres  pass 
upward  and  lateralward,  betw^een  the  palpebral  and  orbital  portions  of  the  Orbicu- 
laris oculi,  and  are  inserted  into  the  deep  surface  of  the  skin,  above  the  middle  of  I 
the  orbital  arch. 

Nerves. — The  Orbicularis  oculi  and  Corrugator  are  supplied  by  the  facial  nerv-e. 

Actions. — The  Orbicularis  oculi  is  the  sphincter  muscle  of  the  eyeUds.  The  palpebral  portion 
acts  involuntarily,  closing  the  lids  gently,  as  in  sleep  or  in  blinking;  the  orbital  portion  is  subject 
to  the  will.  When  the  entire  muscle  is  brought  into  action,  the  skin  of  the  forehead,  temple, 
and  cheek  is  drawn  toward  the  medial  angle  of  the  orbit,  and  the  eyelids  are  firmly  closed,  as  in 
photophobia.  The  skin  thus  drawn  upon  is  thrown  into  folds,  especially  radiating  from  the 
lateral  angle  of  the  eyelids;  these  folds  become  permanent  in  old  age,  and  form  the  so-called 
"crows'  feet."  The  Levator  palpebrae  superioris  is  the  direct  antagonist  of  this  muscle;  it  raises 
the  upper  eyelid  and  exposes  the  front  of  the  bulb  of  the  eye.  Each  time  the  eyelids  are  closed 
through  the  action  of  the  Orbicularis,  the  medial  palpebral  ligament  is  tightened,  the  wall  of 
the  lacrimal  sac  is  thus  drawn  lateralward  and  forward,  so  that  a  vacuum  is  made  in  it,  and  the 
tears  are  sucked  along  the  lacrimal  canals  into  it.  The  lacrimal  part  of  the  Orbicularis  oculi 
draws  the  eyelids  and  the  ends  of  the  lacrimal  canals  medialward  and  compresses  them  against 
the  surface  of  the  globe  of  the  eye,  thus  placing  them  in  the  most  favorable  situation  for  receiving 
the  tears;  it  also  compresses  the  lacrimal  sac.  The  Corrugator  draws  the  eyebrow  downward 
and  medialward,  producing  the  vertical  wrinkles  of  the  forehead.  It  is  the  "froi\Tiing"  muscle, 
and  may  be  regarded  as  the  principal  muscle  in  the  expression  of  suffering. 

m.     THE  MUSCLES  OF  THE  NOSE  (Fig.  483). 

The  muscles  of  the  nose  comprise: 

Procerus.  Depressor  septi. 

Nasalis.  Dilatator  naris  posterior. 

Dilatator  naris  anterior. 

*  The  corrugator  is  not  recognized  as  a  separate  muscle  in  the  Basle  Nomenclature.  I 

I 
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The  Procerus  {Pyramidalis  nasi)  is  a  small  pyramidal  slip  arising  by  tendinous 
fibres  from  the  fascia  covering  the  lower  part  of  the  nasal  bone  and  upper  part 
of  the  lateral  nasal  cartilage;  it  is  inserted  into  the  skin  over  the  lower  part  of 
the  forehead  between  the  two  eyebrows,  its  fibres  decussating  with  those  of  the 
Frontalis. 

The  Nasalis  {Covipressor  naris)  consists  of  two  parts,  transverse  and  alar.  The 
transverse  part  arises  from  the  maxilla,  above  and  lateral  to  the  incisive  fossa; 
its  fibres  proceed  upward  and  medialward,  expanding  into  a  thin  aponeurosis 
which  is  continuous  on  the  bridge  of  the  nose  with  that  of  the  muscle  of  the  oppo- 
site side,  and  with  the  aponeurosis  of  the  Procerus.  The  alar  part  is  attached  by 
one  end  to  the  greater  alar  cartilage,  and  by  the  other  to  the  integument  at  the 
point  of  the  nose. 

The  Depressor  septi  (Depressor  aloe  nasi)  arises  from  the  incisive  fossa  of  the 
maxilla;  its  fibres  ascend  to  be  inserted  into  the  septum  and  back  part  of  the  ala 
of  the  nose.  It  lies  between  the  mucous  membrane  and  muscular  structure  of 
the  lip. 

The  Dilatator  naris  posterior  is  placed  partly  beneath  the  Quadratus  labii 
superioris.  It  arises  from  the  margin  of  the  nasal  notch  of  the  maxilla,  and  from 
the  lesser  alar  cartilages,  and  is  inserted  into  the  skin  near  the  margin  of  the 
nostril. 

The  Dilatator  naris  anterior  is  a  delicate  fasciculus,  passing  from  the  greater 
aJar  cartilage  to  the  integument  near  the  margin  of  the  nostril;  it  is  situated  in 
front  of  the  preceding. 

Nerves. — All  the  muscles  of  this  group  are  supplied  by  the  facial  nen^e. 

Actions. — The  Procerus  draws  down  the  medial  angle  of  the  eyebrows  and  produces  transverse 
wrinkles  over  the  bridge  of  the  nose.  The  two  Dilatatores  enlarge  the  aperture  of  the  nares. 
Their  action  in  ordinary  breathing  is  to  resist  the  tendency  of  the  nostrils  to  close  from  atmos- 
pheric pressure,  but  in  difficult  breathing,  as  well  as  in  some  emotions,  such  as  anger,  they  con- 
tract strongly.  The  Depressor  septi  is  a  direct  antagonist  of  the  other  muscles  of  the  nose,  drawing 
the  ala  of  the  nose  downward,  and  thereby  constricting  the  aperture  of  the  nares.  The  Nasalis 
depresses  the  cartilaginous  part  of  the  nose  and  draws  the  ala  toward  the  septum. 


IV.     THE  MUSCLES  OF  THE  MOUTH. 


The  muscles  of  the  mouth  are: 

Quadratus  labii  superioris. 

Caninus. 

Zygomaticus. 

Mentalis. 


Quadratus  labii  inferioris. 
Triangularis. 
Buccinator. 
Orbicularis  oris. 


Risorius. 


Dissection. — The  dissection  of  these  muscles  may  be  considerably  facilitated  by  filling  the 
cavity  of  the  mouth  with  tow,  so  as  to  distend  the  cheeks  and  hps;  the  mouth  should  then  be 
closed  by  a  few  stitches  and  the  integument  carefully  removed  from  the  surface. 

The  Quadratus  labii  superioris  is  a  broad  sheet,  the  origin  of  which  extends 
from  the  side  of  the  nose  to  the  zygomatic  bone.  Its  medial  fibres  form  the  angular 
head,  which  arises  by  a  pointed  extremity  from  the  upper  part  of  the  frontal  process 
of  the  maxilla  and  passing  obliquely  downward  and  lateralward  divides  into  two 
slips.  One  of  these  is  inserted  into  the  greater  alar  cartilage  and  skin  of  the  nose; 
the  other  Is  prolonged  into  the  lateral  part  of  the  upper  lip,  blending  with  the 
infraorbital  head  and  with  the  Orbicularis  oris.  The  intermediate  portion  or 
infraorbital  head  arises  from  the  lower  margin  of  the  orbit  immediately  above  the 
infraorbital  foramen,  some  of  its  fibres  being  attached  to  the  maxilla,  others  to  the 
zygomatic  bone.    Its  fibres  converge,  to  be  inserted  into  the  muscular  substance 
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of  the  upper  lip  between  the  angular  head  and  the  Caninus.  The  lateral  fibres, 
forming  the  zygomatic  head,  arise  from  the  malar  surface  of  the  zygomatic  bone 
immediately  behind  the  zygomaticomaxillary  suture  and  pass  downward  and 
medialward  to  the  upper  lip. 

The  Caninus  (Levator  anguli  oris)  arises  from  the  canine  fossa,  immediately 
below  the  infraorbital  foramen;  its  fibres  are  inserted  into  the  angle  of  the  mouth, 
intermingling  with  those  of  the  Zygomaticus,  Triangularis,  and  Orbicularis  oris. 

The  Zygomaticus  {Zygortwiicus  major)  arises  from  the  zygomatic  bone,  in  front 
of  the  zygomaticotemporal  suture,  and  descending  obliquely  with  a  medial  inclina- 
tion, is  inserted  into  the  angle  of  the  mouth,  where  it  blends  with  the  fibres  of  the 
Caninus,  Orbicularis  oris,  and  Triangularis. 

Nerves. — This  group  of  muscles  is  supplied  by  the  facial  nerve. 

ActionB. — The  Quadratus  labii  superioris  is  the  proper  elevator  of  the  upper  lip,  carrj'ing  it 
at  the  same  time  a  little  forward.  Its  angular  head  acts  as  a  dilator  of  the  naris;  the  infraorbital 
and  zygomatic  heads  assist  in  forming  the  nasolabial  furrow,  which  passes  from  the  side  of  the 
nose  to  the  upper  lip  and  gives  to  the  face  an  expression  of  sadness.  When  the  whole  muscle 
is  in  action  it  gives  to  the  countenance  an  expression  of  contempt  and  disdain.  The  Quadratus 
labii  superioris  raises  the  angle  of  the  mouth  and  assists  the  Caninus  in  producing  the  nasolabial 
furrow.     The  zygomaticus  draws  the  angle  of  the  mouth  backward  and  upward,  as  in  laughing. 

The  Mentalis  (Levator  vienti)  is  a  small  conical  fasciculus,  situated  at  the  side 
of  the  frenulum  of  the  lower  lip.  It  arises  from  the  incisive  fossa  of  the  mandible, 
and  descends  to  be  inserted  into  the  integument  of  the  chin. 

The  Quadratus  labii  inferioris  (Depressor  labii  inferioris;  Quadratus  menti)  is 
a  small  quadrilateral  muscle.  It  arises  from  the  oblique  line  of  the  mandible, 
between  the  symphysis  and  the  mental  foramen,  and  passes  upward  and  medial- 
ward,  to  be  inserted  into  the  integument  of  the  lower  lip,  its  fibres  blending  with 
the  Orbicularis  oris,  and  with  those  of  its  fellow  of  the  opposite  side.  At  its  origin 
it  is  continuous  with  the  fibres  of  the  Platysma.  Much  yellow  fat  is  intermingled 
with  the  fibres  of  this  muscle. 

The  Triangularis  (Depressor  angtdi  oris)  arisen  from  the  oblique  line  of  the 
mandible,  whence  its  fibres  converge,  to  be  inserted,  by  a  narrow  fasciculus,  into 
the  angle  of  the  mouth.  At  its  origin  it  is  continuous  with  the  Platysma,  and  at 
its  insertion  with  the  Orbicularis  oris  and  Risorius;  some  of  its  fibres  are  directly 
continuous  with  those  of  the  Caninus,  and  others  are  occasionally  found  crossing 
from  the  muscle  of  one  side  to  that  of  the  other;  these  latter  fibres  constitute 
the  Transversus  menti. 

Nerves. — This  group  of  muscles  is  supplied  by  the  facial  ner\'e. 

Actions. — The  Mentalis  raises  and  protrudes  the  lower  lip,  and  at  the  same  time  wrinkles  the 
skin  of  the  chin,  expressing  doubt  or  disdain.  The  Quadratus  labii  inferioris  draws  the  lower 
lip  directly  downward  and  a  little  lateralward,  as  in  the  expression  of  irony.  The  Triangularis 
depresses  the  angle  of  the  mouth,  being  the  antagonist  of  the  Caninus  and  Zygomaticus;  acting 
with  the  Caninus,  it  will  draw  the  angle  of  the  mouth  medialward. 

The  Buccinator  (Fig.  485)  is  a  thin  quadrilateral  muscle,  occupying  the  interval 
between  the  maxilla  and  the  mandible  at  the  side  of  the  face.  It  arises  from  the 
outer  surfaces  of  the  alveolar  processes  of  the  maxilla  and  mandible,  corresponding 
to  the  three  molar  teeth;  and  behind,  from  the  anterior  border  of  the  pterygoman- 
dibular raphe  which  separates  it  from  the  Constrictor  pharyngis  superior.  The 
fibres  converge  toward  the  angle  of  the  mouth,  where  the  central  fibres  intersect 
each  other,  those  from  below  being  continuous  with  the  upper  segment  of  the 
Orbicularis  oris,  and  those  from  above  with  the  lower  segment;  the  upper  and  lower 
fibres  are  continued  forward  into  the  corresponding  lip  without  decussation. 

Relations. — The  Buccinator  is  covered  by  the  buccopharyngeal  fascia,  and  is  in  relation  by 
its  superficial  surface^  behind,  with  a  large  mass  of  fat,  which  separates  it  from  the  ramus  of  the 
mandible,  the  Masseter,  and  a  small  portion  of  the  Temporalis;  this  fat  has  been  named  the 
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tiielorial  pad,  because  it  is  supposed  to  assist  in  the  act  of  auckicK,  In  front  the  superfirial  surface 
oi  the  Buccinator  is  in  relation  with  the  ZygomaticuH,  Risoriua,  Caninus,  Triangularis,  and  the 
parotid  duct  which  pierces  it  opposite  the  second  molar  tooth  of  the  majtilla;  the  external  maxillary 
arierj-  and  anterior  facial  vein  cross  it  from  below  upward;  it  is  also  crossed  by  the  branches  of 

the  facial  and  buccinator  nerves.    The  deep  tariaee  is  in  relation  with  the  buccal  glands  and 

mupous  membrane  of  the  mouth. 

The  pteiyfoinuulibiilar  rsphj  {pterygomandibular  ligament)  is  a  tendinous  band 
of  the  buccopharyngeal  fascia,  attached  by  one  extremity  to  the  hamulus  of  the 
medial  pterygoid  plate,  and  by  the  other  to  the  posterior  end  of  the  mylohyoid 
line  of  the  mandible.  Its  medial  surface  is  covered  by  the  raucous  membrane  of 
the  mouth.  Its  lateral  surface  is  separated  from  the  ramus  of  the  mandible  by  a 
quantity  of  adipose  tissue.  Its  posterior  border  gives  attachment  to  the  Constrictor 
pharj'ngis  superior;  its  anterior  border,  to  part  of  the  Buccinator  (Fig.  485). 

The  Orbicularis  oris  (Fig.  486)  is  not  a  simple  sphincter  muscle  like  the  Orbic- 
ularis oculi;  it  consists  of  numerous  strata  of  muscular  fibres  surrounding  the 
orifice  of  the  mouth  but  having  different 
direction.  It  consists  partlj'  of  fibres  de- 
rived from  the  other  facial  muscles  which 
are  inserted  into  the  lips,  and  partly  of 
fibres  proper  to  the  lips.  Of  the  former, 
a  considerable  number  arc  derived  from 
the  Buccinator  and  form  the  deeper 
stratum  of  the  Orbicularis.  .Some  of  the 
Buccinator  fibres — namely,  those  near 
the  middle  of  the  muscle — decussate  at 
the  angle  of  the  mouth,  those  arising 
from  the  maxilla  passing  to  the  lower  lip. 


Fio.  4SO.— -Muscle,  of 


OcbicuUiu  orig. 


and  those  from  the  mandible  to  the  upper  lip.  The  uppermost  and  lowermost 
fibres  of  the  Buccinator  pass  across  the  lips  from  side  to  side  without  decussation. 
Superficial  to  this  stratum  is  a  second,  formed  on  either  side  by  the  C'aninus  and 
Triangularis,  which  cross  each  other  at  the  angle  of  the  mouth ;  those  from  the 
Caninus  passing  to  the  lower  lip,  and  those  from  the  Triangularis  to  the  upper  lip, 
along  which  they  run,  to  be  inserted  into  the  skin  near  the  median  line.  In  addi- 
tion to  these  there  are  fibres  from  the  Quadratus  labii  superiors,  the  Zjgomaticus, 
and  the  Quadratus  labii  inferioris;  these  intermingle  with  the  transverse  fibres 
above  described,  and  have  principally  an  oblique  direction.  The  proper  fibres 
of  the  lips  are  oblique,  and  pass  from  the  under  surface  of  the  skin  to  the  mucous 
membrane,  through  the  thickness  of  the  lip.  Finally  there  are  fibres  by  which  the 
mu.scie  is  connected  with  the  maxilice  and  the  septum  of  the  noHe  above  and  with 


472  MYOLOGY 

the  mandible  below.  In  the  upper  lip  these  consist  of  two  bands,  lateral  and  medial , 
on  either  side  of  the  middle  line;  the  lateral  band  (m.  incisivus  lahii  superioris) 
arises  from  the  alveolar  border  of  the  maxilla,  opposite  the  lateral  incisor  tooth, 
and  arching  lateralward  is  continuous  with  the  other  muscles  at  the  angle  of  the 
mouth;  the  medial  band  (m.  nasolabialis)  connects  the  upper  lip  to  the  back  of  the 
septum  of  the  nose.  The  interval  between  the  two  medial  bands  corresponds 
with  the  depression,  called  the  philtrum,  seen  on  the  lip  beneath  the  septum  of  the 
nose.  The  additional  fibres  for  the  lower  lip  constitute  a  slip  (m.  ind&ivus  labii 
inferioris)  on  either  side  of  the  middle  line;  this  arises  from  the  mandible,  lateral 
to  the  Mentalis,  and  intermingles  with  the  other  muscles  at  the  angle  of  the 
mouth. 

The  Bisorius  arises  in  the  fascia  over  the  Masseter  and,  passing  horizontally 
forward,  superficial  to  the  Platysma,  is  inserted  into  the  skin  at  the  angle  of  the 
mouth  (Fig.  483).  It  is  a  narrow  bundle  of  fibres,  broadest  at  its  origin,  but  varies 
much  in  its  size  and  form. 

Nerves. — The  muscles  in  this  group  are  all  supplied  by  the  facial  nerve. 

Actioiis. — The  Orbicularis  oris  in  its  ordinary  action  effects  the  direct  closure  of  the  lips;  by 
its  deep  fibres,  assisted  by  the  obUque  ones,  it  closely  applies  the  lips  to  the  alveolar  arch.  The 
superficial  part,  consisting  principally  of  the  decussating  fibres,  brings  the  lips  together  and  also 
protrudes  them  forward.  The  Buccinators  compress  the  cheeks,  so  that,  during  the  process  of 
mastication,  the  food  is  kept  under  the  immediate  pressure  of  the  teeth.  When  the  cheeks  have 
been  previously  distended  with  air,  the  Buccinator  muscles  expel  it  from  between  the  lips,  as  in 
blowing  a  trumpet;  hence  the  name  {Jtmcdnay  a  trumpet).  The  Risorius  retracts  the  angle  of 
the  mouth,  and  produces  an  unpleasant  grinning  expression. 

IV.     THE  MUSCLES  OF  MASTICATION. 

The  chief  muscles  of  mastication  are: 

Masseter.  Pterygoideus  externus. 

Temporalis.  Pterygoideus  internus. 

Parotideomasseteric  Fascia  (masseteric  fascia), — Covering  the  Masseter,  and  £irml\- 
connected  with  it,  is  a  strong  layer  of  fascia  derived  from  the  deep  cervical  fascia. 
Above,  this  fascia  is  attached  to  the  lower  border  of  the  zygomatic  arch,  and  behind, 
it  invests  the  parotid  gland. 

The  Masseter  (Fig.  483)  is  a  thick,  somewhat  quadrilateral  muscle,  consisting 
of  two  portions,  superficial  and  deep.  The  supehftcial  portion,  the  larger,  arises 
by  a  thick,  tendinous  aponeurosis  from  the  zygomatic  process  of  the  maxilla,  and 
from  the  anterior  two-thir3s  of  the  lower  border  of  the  zygomatic  arch:  its  fibres 
pass  downward  and  backward,  to  be  inserted  into  the  angle  and  lower  half  of  the 
lateral  Surface  of  the  ramus  of  the  mandible.  The  deep  portion  is  much  smaller, 
and  more  muscular  in  texture;  it  arises  from  the  posterior  third  of  the  lower  border 
and  from  the  whole  of  the  medial  surface  of  the  zygomatic  arch;  its  fibres  pass 
downward  and  forward,  to  be  inserted  into  the  upper  half  of  the  ramus  and  the 
lateral  surface  of  the  coronoid  process  of  the  mandible.  The  deep  portion  of  the 
muscle  is  partly  concealed,  in  front,  by  the  superficial  portion;  behind,  it  is  covered 
by  the  parotid  gland.  The  fibres  of  the  two  portions  are  continuous  at  their 
insertion. 

Belations. — The  Masseter  is  in  relation  by  its  superficial  surface  with  the  integument,  Platysma, 
Risorius,  Zygomaticus,  the  parotid  gland  and  its  accessory  portion;  the  parotid  duct,  the  branches 
of  the  facial  nerve  and  the  transverse  facial  vessels  cross  it.  By  its  deep  surfacCy  it  is  in  relation 
with  the  insertion  of  the  Temporalis  and  the  ramus  of  the  mandible;  a  mass  of  fat  separates  it 
from  the  Buccinator  and  the  buccinator  nerve.  The  masseteric  nerve  and  artery  enter  the  muscle 
on  its  deep  surface.  Its  posterior  mnrgin  is  overlapped  by  the  parotid  gland.  Its  anterior  margin 
projects  over  the  Buccinator  and  is  crossed  below  by  the  anterior  facial  vein. 
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TomponLl  Fascia.— The  temporal  fascia  covers  the  Temporalis  muscle,  It  is  a. 
stnmg,  fibrous  investment,  covered,  laterally,  by  the  Auricularis  anterior  and  supe- 
rior, by  the  galea  aponeurotica,  and  by  part  of  the  Orbicularis  oculi.  The  super- 
Gcial  temporal  vessels  and  the  auriculotemporal  nerve  cross  it  from  below  upward. 
■^hoK,  it  is  a  single  layer,  attached  to  the  entire  extent  of  the  superior  temporal 
line;  but  below,  where  it  is  fixed  to  the  zygomatic  arch,  it  consists  of  two  lajers,  one 
of  which  is  inserted  into  the  lateral,  and  the  other  into  the  medial  border  of  the 
arch.  A  small  quantity  of  fat,  the  orbital  branch  of  the  superficial  temporal  artery, 
and  a  filament  from  the  zygomatic  branch  of  the  maxillarj'  nerve,  are  contained 
between  these  two  layers.  It  afTords  attachment  by  its  deep  surface  to  the  super- 
ficial fibres  of  the  Temporalis. 

OiUKtitin.—lD  order  to  expose  the  Temporalis,  remove  the  temporal  fascia,  which  may  be 
riTenlfld  by  separating  it  at  its  attachment  along  the  upper  border  of  the  zygoma  and  dissecting 
it  upnard  from  the  surface  of  the  muscle.  The  zygomatic  arch  should  then  be  divided  in  front 
St  ]'u  junrtion  with  the  zygomatic  bone,  and  behind  near  the  external  auditory  meatus,  and 
drawn  downward  with  the  Masseter,  which  should  be  detached  from  its  insertion  into  the  ramus 
snd  aigle  of  the  mMidible.    The  whole  extt-nt  of  the  Temporalis  is  then  exposed. 


Pio.  487.— The  TemporsUs;  the  lyKomatic  srcb  and  MasMUr  hHve  b«ea  removed. 

The  Tenqtoralis  (Temporal  muscle)  {Fig.  487)  is  a  broad,  radiating  muscle, 
situated  at  the  side  of  the  head.  It  arises  from  the  whole  of  the  temporal  fossa 
l*xcept  that  portion  of  it  which  is  formed  by  the  zygomatic  bone)  and  from  the 
deep  surface  of  the  temporal  fascia.  Its  fibres  converge  as  they  descend,  and  end 
in  a  tendon,  which  passes  deep  to  the  zygomatic  arch  and  is  inserted  into  the  medial 
surface,  apex,  and  anterior  border  of  the  coronoid  process,  and  the  anterior  border 
of  the  ramus  of  the  mandible  nearly  as  far  forward  as  the  last  molar  tooth. 

Btbtloiis. — The  Temporalis  is  in  relation  by  its  auperfieud  iurface  with  the  integument,  the 
.^iiricuitires  anterior  and  superior,  the  temporal  fascia,  the  superficial  temporal  vessels,  the 
auriculotemporal  rterve,  the  temporal  branches  of  the  facial  and  zygomatic  nerves,  the  galea 
aponeurotica,  the  zygomatic  arch,  and  the  Masseter.  By  its  deep  surface,  it  is  in  relation  with 
[he  temporal  fossa,  the  Pterygoideus  extemus  and  part  of  the  Buccinator,  the  internal  maxillary 
aftery,  and  its  deep  temporal  branches,  the  deep  temporal  nerves,  and  the  buccinator  vessels 
and  nerve.  Behiad  the  tendon  are  the  masseteric  vessels  and  nerve.  Its  anterior  border  is  sepa- 
rated from  the  zygomatic  bone  by  a  mass  of  tat. 
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DiuTCtioii. — The  Temporalis  having  been  examined,  saw  through  the  baee  of  the  coronoid 
process  and  draw  it  upward,  together  with  the  Temporalis,  which  should  be  detached  from  tbe 
surface  of  the  temporal  fossa.  Divide  the  ramus  of  the  mandible  just  below  the  condyle,  and 
also,  by  a  transverse  incision  extending  across  the  middle,  just  above  the  dental  foramen ;  remove 
the  fragment,  and  the  Pt«rygoidei  will  be  exposed. 

The  Pterrfoideas  extemm  {External  pterygoid  mnscle)  {Fig.  488)  is  a  short,  thick 
muscle,  somewhat  conical  in  form,  which  extends  almost  horizontally  between  the 
infratemporal  fossa  and  the  condyle  of  the  mandible.  It  arises  by  two  heads; 
an  upper  from  the  lower  part  of  the  lateral  surface  of  the  great  wing  of  the  sphenoid 
and  ffom  the  infratemporal  crest;  a  lower  from  the  lateral  surface  of  the  lateral 
pterj-goid  plate.  Its  fibres  pass  horizontally  backward  and  lateralward,  to  be 
inserted  into  a  depression  in  front  of  the  neck  of  the  condyle  of  the  mandible,  and 
into  the  front  margin  of  the  articular  disk  of  the  temporomandibular  articulation. 


Ftd.  4X8.— The  Pteo'Soiiln;  liw  lygoniBtic  arch  and  ■  poniun  of  Hie  ramus  o[  the  mudible  hive  been  retnoveri. 

SeUtioiis. — Its  sviperjicial  lurface  is  in  relation  with  the  ramus  of  the  mandible,  the  internal 
maxillary  artery,  which  crosses  it,'  the  tendon  of  the  Temporalis,  and  the  Masset^r.  Its  deep 
surface  rests  a^inst  the  upper  part  of  the  Pterygoideus  internus,  the  Bphcnamandibula]-  ligament, 
the  middle  meningeal  artery,  and  the  mandibular  nerve;  its  upper  harder  is  in  relation  witb  the 
temporal  and  masseteric  branches  of  the  mandibular  nerve;  its  lower  border  with  the  lingual 
and  inferior  alveolar  nerves.  The  buccal  nerve  and  the  internal  maxillary  artery  pass  between 
the  two  portions  of  the  muscle  (Fig.  488). 

The  Pterygoideus  intemoB  (Internal  pterygoid  muscle)  (Fig.  488)  is  a  thick,  quad- 
rilateral muscle.  It  arises  from  the  medial  surface  of  the  lateral  pterygoid  plate 
and  the  grooved  surface  of  the  pyramidal  process  of  the  palatine  bone;  it  has  a 
second  slip  of  origin  from  the  lateral  surfaces  of  the  pyramidal  process  of  the  pala- 
tine and  tuberositj'  of  the  maxilla.  Its  fibres  pass  downward,  lateralward,  and 
backward,  and  are  inserted,  by  a  strong  tendinous  lamina,  into  the  lower  and  back 
part  of  the  medial  surface  of  the  ramus  and  angle  of  the  mandible,  as  high  as  the 
mandibular  foramen. 


—Its  lateral  surface  is  in  rel&tion  with  the  ramus  of  the  mandible,  from  which  it  is 
separated,  at  its  upper  part,  by  the  Pterygoideus  extemus,  the  sphenomandibular  ligameot,  the 
internal  maxillary  artery,  the  inferior  alveolar  vessels  and  nerve,  the  lingual  nen'e,  and  a  proce^ 
of  the  parotid  gland.  Its  medial  surf aee  is  in  relation  with  the  Tensor  veli  palatini,  being  separated 
frocn  the  Constrictor  pharyngis  superior  by  some  areolar  tissue. 
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Nerves. — ^The  muscles  of  mastication  are  supplied  by  the  mandibular  nerve. 

Actions. — The  Temporalis,  Masseter,  and  Pterygoideus  intemus  raise  the  mandible  against 
the  maxilla  with  great  force.  The  Pterygoideus  extemus  assists  in  opening  the  mouth,  but  its 
mab  action  is  to  draw  forward  the  condyle  and  articular  disk  so  that  the  mandible  is  protruded 
and  the  inferior  incisors  projected  in  front  of  the  upper;  in  this  action  it  is  assisted  by  the  Ptery- 
goideus intemus.  The  mandible  is  retracted  by  the  posterior  fibres  of  the  Temporalis.  If  the 
Plerygoidei  intemus  and  externus  of  one  side  act,  the  corresponding  side  of  the  mandible  is 
drawn  forward  while  the  opposite  condyle  remains  comparatively  fixed,  and  side-to-side  move- 
naents,  such  as  occur  during  the  trituration  of  food,  take  place. 


THE  FASCIiB  AND  MUSCLES  OF  THE  ANTEBO-LATERAL  BEGlON 

OF  THE  NECK. 

The  anterolateral  muscles  of  the  neck  may  be  arranged  into  the  following 

groups: 


I.  Superficial  Cervical. 
II.  Lateral  Cervical. 


III.  Supra-  and  Infra-hyoid. 

IV.  Anterior  Vertebral. 


V.  Lateral  Vertebral. 


I.     THE  SUPERFICIAL  CERVICAL  MUSCLE. 

Platysma. 

DittA^tioii — A  block  having  been  placed  at  the  back  of  the  neck,  and  the  face  turned  to  the 
A  opposite  that  to  be  dissected,  so  as  to  place  the  parts  upon  the  stretch,  make  two  trans- 
verse incisions,  one  from  the  chin,  along  the  margin  of  the  mandible,  to  the  mastoid  process, 
and  the  other  along  the  upper  border  of  the  clavicle.  Connect  these  by  an  oblique  incision  made 
in  the  course  of  the  Stemocleidomastoideus,  from  the  mastoid  process  to  the  sternum;  the  two 
flaps  of  integument  having  been  removed  in  the  direction  shown  in  Fig.  482,  the  superficial 
fascia  will  be  exposed. 

The  Superficial  Fascia  of  the  neck  is  a  thin  lamina  investing  the  Platysma, 
and  is  hardly  demonstrable  as  a  separate  membrane. 

The  Platysma  (Fig.  483)  is  a  broad  sheet  arising  from  the  fascia  covering  the 
i^pper  parts  of  the  Pectoralis  major  and  Deltoideus;  its  fibres  cross  the  clavicle, 
and  proceed  obliquely  upward  and  medial  ward  along  the  side  of  the  neck.  The 
anterior  fibres  interlace,  below  and  behind  the  symphysis  menti,  with  the  fibres 
of  the  muscle  of  the  opposite  side;  the  posterior  fibi^^s  cross  the  mandible,  some 
being  inserted  into  the  bone  below  the  oblique  line,  others  into  the  skin  and  sub- 
cutaneous tissue  of  the  lower  part  of  the  face,  many  of  these  fibres  blending  with 
the  muscles  about  the  angle  and  lower  part  of  the  mouth.  Sometimes  fibres  can 
be  traced  to  the  zygomaticus,  or  to  the  margin  of  the  Orbicularis  oculi.  Beneath 
the  Platysma,  the  external  jugular  vein  descends  from  the  angle  of  the  mandible 
to  the  clavicle. 

Actions.— When  the  entire  Platysma  is  jn  action  it  produces  a  slight  wrinkling  of  the  surface 
of  the  skin  of  the  neck  in  an  oblique  direction.  Its  anterior  portion,  the  thickest  part  of  the 
rouscle,  depresses  the  lower  jaw;  it  also  serves  to  draw  down  the  lower  lip  and  angle  of  the  mouth 
*n  the  expression  of  melancholy. 

Nene.— The  Platysma  is  supplied  by  the  cervical  branch  of  the  facial  nerve. 


n.     THE  LATERAL  CERVICAL  MUSCLES. 

The  lateral  muscles  are: 

Trapezius  and  Stemocleidomastoideus. 

The  Trapezius  is  described  on  page  522. 


The  Fascia  Colli  {deey  cervical  fascia)  (Fig.  489). — The  fascia  colli  lies  under  cover 
of  the  Platysma,  and  invests  the  neck;  it  also  forms  sheaths  for  the  carotid  vessels, 
and  for  the  structures  situated  in  front  of  the  vertebral  column. 


Ant.jng-Uar  «in 
Sientoliyoidcai 
Sleraolk)freoide  ui 

Traehcii 


Sill  UTvical  veTitbTa 
VertAral  veMe!e 


Stmitpiiuilii  capitis 

S'pUntujt  capiitt 


The  investing  portion  of  the  fascia  is  attached  behind  to  the  ligamentum  nuchae 
and  to  the  spinous  process  of  the  seventh  cervical  vertebra.  It  forms  a  thin  in- 
vestment to  the  Trapezius,  and  at  the  anterior  border  of  this  muscle  is  continued 
forward  as  a  rather  loose  areolar  layer,  covering  the  posterior  triangle  of  the  neck, 
to  the  posterior  border  of  the  Sternocleidomastoideus,  where  it  begins  to  assume 
the  appearance  of  a  fascial  membrane.  Along  the  hinder  edge  of  the  Sterno- 
cleidomastoideus  it  divides  to  enclose  the  muscle,  and  at  the  anterior  margin  again 
forms  a  single  lamella,  which  covers  the  anterior  triangle  of  the  neck,  and  reaches 
forward  to  the  midrlle  line,  where  it  is  continuous  with  the  corresponding  part  from 
the  opi)osite  side  of  the  neck.  In  the  middle  line  of  the  neck  it  is  attached  to  the 
symphysis  menti  and  the  body  of  the  hyoid  bone. 


\ 
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AhovBy  the  fascia  is  attached  to  the  superior  nuchal  line  of  the  occipital,  to  the 
mastoid  process  of  the  temporal,  and  to  the  whole  length  of  the  inferior  border 
of  the  body  of  the  mandible.  Opposite  the  angle  of  the  mandible  the  fascia  is  ver^" 
strong,  and  binds  the  anterior  edge  of  the  Sternocleidomastoideus  firmly  to  that 
bone.  Between  the  mandible  and  the  mastoid  process  it  ensheathes  the  parotid 
gland— the  layer  which  covers  the  gland  extends  upward  under  the  name  of  the 
paiotideomasseteric  fascia  and  is  fixed  to  the  zygomatic  arch.  From  the  part  which 
passes  under  the  parotid  gland  a  strong  band  extends  upward  to  the  styloid  process, 
forming  the  stylomandibular  ligament.  Two  other  bands  may  be  defined:  the 
gphenomandibular  (page  395)  and  the  pterygospinous  ligaments.  The  pterygospinous 
ligament  stretches  from  the  upper  part  of  the  posterior  border  of  the  lateral  ptery- 
goid plate  to  the  spinous  process  of  the  sphenoid.  It  occasionally  ossifies,  and  in 
such  cases,  between  its  upper  border  and  the  base  of  the  skull,  a  foramen  is  formed 
which  transmits  the  branches  of  the  mandibular  nerve  to  the  muscles  of  mastication. 

BeloWy  the  fascia  is  attached  to  the  acromion,  the  clavicle,  and  the  manubrium 
stemi.  Some  little  distance  above  the  last  it  splits  into  two  layers,  superficial 
and  deep.  The  former  is  attached  to  the  anterior  border  of  the  manubrium,  the 
latter  to  its  posterior  border  and  to  the  interclavicular  ligament.  Between  these 
two  layers  is  a  slit-like  interval,  the  suprasternal  space  {space  of  Bums) ;  it  contains 
a  small  quantity  of  areolar  tissue,  the  lower  portions  of  the  anterior  jugular  veins 
and  their  transverse  connecting  branch,  the  sternal  heads  of  the  Sternocleido- 
mastoidei,  and  sometimes  a  lymph  gland. 

The  fascia  which  lines  the  deep  surface  of  the  Sternocleidomastoideus  gives  off 
the  following  processes:  (1)  A  process  envelops  the  tendon  at  the  Omohyoideus, 
and  binds  it  down  to  the  sternum  and  first  costal  cartilage.  (2)  A  strong  sheath, 
the  carotid  sheath,  encloses  the  carotid  artery,  internal  jugular  vein,  and  vagus 
nerve.  (3)  The  prevertebral  fascia  extends  medialward  behind  the  carotid  vessels, 
where  it  assists  in  forming  their  sheath,  and  passes  in  front  of  the  prevertebral 
muscles.  It  forms  the  posterior  limit  of  a  fibrous  compartment,  which  contains 
the  larynx  and  trachea,  the  thyroid  gland,  and  the  pharynx  and  oesophagus.  The 
prevertebral  fascia  is  fixed  above  to  the  base  of  the  skull,  and  below  is  continued 
into  the  thorax  in  front  of  the  Longus  colli,  muscles.  Parallel  to  the  carotid  sheath 
and  along  its  medial  aspect  the  prevertebral  fascia  gives  off  a  thin  lamina,  the 
bnccopharyngeal  fascia,  which  closely  invests  the  Constrictor  muscles  of  the  pharynx, 
and  is  continued  forward  from  the  Constrictor  pharyngis  superior  on  to  the  Buc- 
cinator. It  is  attached  to  the  prevertebral  layer  by  loose  connective  tissue  only, 
and  thus  an  easily  distended  space,  the  retropharjmgeal  space,  is  found  between 
them.  This  space  is  limited  above  by  the  base  of  the  skull,  while  below  it  extends 
behind  the  oesophagus  into  the  posterior  mediastinal  cavity  of  the  thorax.  The  pre- 
vertebral fascia  is  prolonged  downward  and  lateralward  behind  the  carotid  vessels 
and  in  front  of  the  Scaleni,  and  forms  a  sheath  for  the  brachial  nerves  and  sub- 
clavian vessels  in  the  posterior  triangle  of  the  neck;  it  is  continued  under  the  clavicle 
as  the  axillary  sheath  and  is  attached  to  the  deep  surface  of  the  coracoclavicular 
fascia.  Immediately  above  and  behind  the  clavicle  an  areolar  space  exists  between 
the  investing  layer  and  the  sheath  of  the  subclavian  vessels,  and  in  this  space  are 
found  the  lower  part  of  the  external  jugular  vein,  the  descending  clavicular  nerves, 
the  transverse  scapular  and  transverse  cervical  vessels,  and  the  inferior  belly  of  the 
Omohyoideus  muscle.  This  space  is  limited  below  by  the  fusion  of  the  coraco- 
clavicular fascia  with  the  anterior  wall  of  the  axillary  sheath.  (4)  The  pretrachial 
fwcia  extends  medially  in  front  of  the  carotid  vessels,  and  assists  in  forming  the 
carotid  sheath.  It  is  continued  behind  the  depressor  muscles  of  the  hyoid  bone, 
and,  after  enveloping  the  thyroid  gland,  is  prolonged  in  front  of  the  trachea  to 
meet  the  corresponding  layer  of  the  opposite  side.  Above,  it  is  fixed  to  the  hyoid 
^>one,  while  below  it  is  carried  downward  in  front  of  the  trachea  and  large  vessels 
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at  the  root  of  the  neck,  and  ultimately  blends  with  the  fibrous  pericardium.  This 
layer  is  fused  on  either  side  with  the  prevertebral  fascia,  and  with  it  completes  the 
compartment  containing  the  larynx  and  trachea,  the  thyroid  gland,  and  the  pharynx 
and  oesophagus.^ 

Applied  Anatomy. — The  deep  cervical  fascia  is  of  considerable  importance  from  a  surgical  point 
of  view.  The  investing  layer  opposes  the  extension  of  abscesses  toward  the  surface,  and  pus  forming 
beneath  it  has  a  tendency  to  extend  laterally.  If  the  pus  be  contained  in  the  anterior  triangle, 
it  may  find  its  way  into  the  anterior  mediastinal  cavity,  in  front  of  the  layer  of  fascia  which 
passes  down  into  the  thorax  to  blend  with  the  pericardium;  but  owing  to  the  less  density  and 
thickness  of  the  fascia  in  this  situation  it  more  frequently  finds  its  way  to  the  surface  and  points 
above  the  sternum.  Pus  forming  beneath  the  pretracheal  layer  would  in  all  probability  find 
its  way  into  the  posterior  mediastinal  cavity.  Pus  forming  behind  the  prevertebral  layer,  in 
cases,  for  instance,  of  caries  of  the  bodies  of  the  cervical  vertebrae,  may  extend  toward  the  lateral 
part  of  the  neck  and  point  in  the  posterior  triangle,  or  may  perforate  this  layer  of  fascia  and 
the  buccopharyngeal  fascia  and  point  into  the  pharynx  {retropharyngeal  abscess). 

In  cases  of  cut  throat,  when  the  wound  involves  only  the  investing  layer  the  injury  is  usually 
trivial,  the  special  danger  being  injury  to  the  external  jugular  vein,  and  the  special  complication, 
diffuse  cellulitis.  But  where  the  second  of  the  two  layers  is  opened  up,  important  structures 
may  be  injured,  and  serious  results  follow. 

The  sternal  head  of  origin  of  the  Stemocleidomastoideus  is  contained  in  the  suprasternal 
space,  so  that  this  space  is  opened  in  division  of  this  tendon.  The  lower  part  of  the  anterior 
jugular  vein  is  also  contained  in  the  same  space. 

The  Stemocleidomastoideus  (Sternoiriastoid  mmcle)  (Fig.  490)  passes  obliquely 
across  the  side  of  the  neck.  It  is  thick  and  narrow  at  its  central  part,  but  broader 
and  thinner  at  either  end.  It  arises  from  the  sternum  and  clavicle  by  two  heads. 
The  medial  or  sternal  head  is  a  rounded  fasciculus,  tendinous  in  front,  fleshy  behind, 
which  arises  from  the  upper  part  of  the  anterior  surface  of  the  manubrium  sterni, 
and  is  directed  upward,  lateralward,  and  backward.  The  lateral  or  claTicular  head, 
composed  of  fleshy  and  aponeurotic  fibres,  arises  from  the  superior  border  and 
anterior  surface  of  the  medial  third  of  the  clavicle;  it  is  directed  almost  vertically 
upward.  The  two  heads  are  separated  from  one  another  at  their  origins  by  a 
triangular  interval,  but  gradually  blend,  below  the  middle  of  the  neck,  into  a  thick, 
rounded  muscle  which  is  inserted,  by  a  strong  tendon,  into  the  lateral  surface  of 
the  mastoid  process,  from  its  apex  to  its  superior  border,  and  by  a  thin  aponeurosis 
into  the  lateral  half  of  the  superior  nuchal  line  of  the  occipital  bone. 

The  Stemocleidomastoideus  varies  much  in  its  extent  of  origin  from  the  clavicle : 
in  some  cases  the  clavicular  may  be  as  narrow  as  the  sternal  head;  in  others,  as 
much  as  7.6  cm.  in  breadth.  When  the  clavicular  origin  is  broad,  it  is  occasionally 
f.  subdivided  into  several  slips,  separated  by  narrow  intervals.  More  rarely,  the 
adjoining  margins  of  the  Stemocleidomastoideus  and  Trapezius  have  been  found 
in  contact. 

Triangles  of  the  Neck. — This  muscle  divides  the  quadrilateral  area  of  the  side  of  the  neck 
into  two  triangles,  an  anterior  and  a  posterior.  The  boundaries  of  the  anterior  triangle  are,  in 
fronty  the  median  line  of  the  neck;  above,  the  lower  border  of  the  body  of  the  mandible,  and  an 
imaginary  line  drawn  from  the  angle  of  the  mandible  to  the  Stemocleidomastoideus;  behind, 
the  anterior  border  of  the  Stemocleidomastoideus.  The  apex  of  the  triangle  is  at  the  upper 
border  of  the  sternum.  The  boundaries  of  the  posterior  triangle  are,  in  front,  the  posterior  border 
of  the  Stemocleidomastoideus;  below,  the  middle  third  of  the  clavicle;  behind,  the  anterior  margin 
of  the  Trapezius.  The  apex  corresponds  with  the  meeting  of  the  Stemocleidomastoideus  and 
Trapezius  on  the  occipital  bone.  The  anatomy  of  these  triangles  will  be  more  fully  described 
with  that  of  the  vessels  of  the  neck  (p.  642). 

Relations. — The  superficial  surface  of  the  Stemocleidomastoideus  is  in  relation  with  the  integu- 
ment and  Platysma,  from  which  it  is  separated  by  the  external  jugular  vein,  several  of  the 
superficial  branches  of  the  cervical  plexus,  and  the  investing  layer  of  the  deep  cervical  fascia. 
The  deep  surface  of  the  muscle  is  in  relation  with  the  stemoclavicular  articulation,  the  pro- 
cess of  the  deep  cervical  fascia  which  binds  the  inferior  belly  of  the  Omohyoideus  to  the 
sternum  and  clavicle,  the  Stemohyoideus,  Stemoth>Teoideus,  Omohyoideus,  posterior  belly  of 

'  F.  G.  Pareona  (Journal  of  Anatomy  and  Physiology,  vol.  xliv)  regards  the  carotid  sheath  and  the  fascial  planes 
in  the  neck  as  structures  which  are  artificially  produced  by  dissection. 
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the  Digastricus,  Levator  ecspulae,  Spleniua  and  Scaleni  muBoles,  the  common  carotid  artery,  the 
Ultntal  and  anterior  jugular  veins,  the  origins  of  the  internal  and  external  carotid  arteries,  the 
'■wpital,  subclavian,  transverse  cervical,  and  transverse  scapular  arteriee  and  veins,  the  phrenic, 
vwig,  hypogloaaal,  deacendens  and  communicantes  hypoglossi  nerves,  the  acceaaory  nerve 
*^  pierces  its  upper  third,  the  cervical  plexus,  the  upper  part  of  the  brachial  plexus,  parts 
o(  tb«  thyroid  and  parotid  glands  and  their  vessels,  and  the  deep  cervical  lymph  glands. 

ieSou. — When  only  one  Stemoclcidomastoideue  acts,  it  draws  the  head  toward  the  shoulder 
of  the  same  side,  assisted  by  the  Spleniua  and  the  Obliquus  capitb  inferior  of  the  opposite  side. 
At  the  aune  time  it  rotates  the  head  so  as  to  carry  the  face  toward  the  opposite  side.  Acting 
together  from  their  sternoclavicular  attachments  the  muscles  will  Rex  the  cervical  part  of  the 
vRtebral  column.  If  the  head  be  fixed,  the  two  muscles  assist  in  elevating  the  thorax  in  forced 
insptntion. 


Fia.  490— .Musclei  of  Lhe  neck.     LaUr&l  view. 

Hmtm.— The  Stemocleidomastoideus  is  supplied  by  the  accessory  nerve  and  branches  from 
lhe  interior  divisions  of  the  second  and  third  cervical  ner\-e«. 

Apibtd  Aiiatom7. — ^The  surgical  anatomy  of  the  Sternoclcidomaatoideus  ia  of  importance  in 
twuieelion  with  the  deformity  known  as  ury-rtfd:,  which  is  due  to  a  contracted  condition  of  this 
WBc\e.   The  wry-neck  may  be  temporary,  as  the  result  of  direct  irritation  of  the  muscle  or  of 
lie  nerves  supplying  it,  and  may  occur  in  acute  glandular  enlargement,  cellulitis  of  the  neck, 
oyositie  of  the  muscle,  or  cervical  caries.    It  may,  however,  be  pennanent,  and  is  then  most 
cfteD  due  to  injury  to  the  muscle  during  birth,  especially  in  breech  presentations,  rupture  of 
the  fibres  and  suteequent  cicatricial  contraction  taking  place.     In  these  cases,  division  of  -th), 
fflUKle  is  often  necessary  to  effect  a  cure,  and  this  may  be  done  either  subcutaneously  or  th-r 
■K  open  wound.    The  subcutaneous  method  is  thus  performed;  the  external  ju^ulkr  ar,  \ 
jiipikr  veins  having  been,  if  possible,  defined,  a  tenotomy  knife  is  introduced  close  i"JDOve  the 
of  raw  tendon  of  origin  of  the  muscle,  about  1.25  cm.  above  the  clavicle,  and  the  tendl  spine  on 
8»t  behind  the  tendon  and  then  turned  forward,  and  the  tendon  divided  from  lownward,  to 
rtiie  the  muscle  is  put  well  upon  the  stretch  by  an  assistant.    The  other  tendoDji  [■  _  ■     poj,. 
in  1  similar  manner.    In  dividing  the  clavicular  origin,  it  is  always  desirable  < 
lenotomeakmg  the  posterior  border,  in  order  to  avoid  the  external  jugular  vein.    ' 
>»,  howei-er,  much  to  be  preferred,  as  being  the  more  effectual  and  the  less  dallied  by  the  mylo- 
tioiu  »re  taken  to  keep  the  wound  aseptic.    The  tendons  of  origin  are  freely  of  the  Digastricus 
wntal  incision  across  the  root  of  the  neck  and  carefully  divided;  any  tense  br 
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n  sutured  and  dreesed,  and  the  head  fixed  i 


exist  should  also  be  divided.    The  wound  it 
straight  a  position  as  possible. 

There  is  alBO  a  condition  coming  on  in  adult  Ufe  (ipatmodic  tortieoUU)  whicb  is  a  very  distress- 
ii^  form  o[  functional  nervous  disease.  It  begins  with  toQic  or  clonic  spasm  of  one  of  tbe  Stemo- 
cleidomastoidei,  which  is  soon  followed  by  spasm  of  the  Trapezius,  particularly  its  clavicular 
portion.  The  Splenius  of  the  opposite  side,  the  Scaleni,  Semispinales  capitis,  and  Iioiigisaimi 
capitis  may  all  become  involved  in  turn,  with  secondary  contracture  of  the  deep  cervical  fascia. 
Operation  in  these  cases  often  fails  to  give  satisfactory  results.  Tenotomy  of  the  affected  mugcles 
or  section  of  the  nerves  supplying  them  may  afford  temporary  relief,  but  the  spasm  often  returns 
when  the  cut  nerves  or  muscles  rejoin. 


m.     THE  SUPBA-  AND  IHFRAHTOID  MUSCLES  ( 
The  suprahyoid  muscles  are: 


,  491). 


Digastricus, 
Stj'lohyoideus, 


Mylohyoideus. 
Geniohyoideus. 


Diiiection. — To  dissect  these  muscles  a  block  should  be  placed  beneath  the  back  of  the  neck, 
and  the  head  drawn  backward  and  retained  in  that  position.  On  the  removal  of  the  deep  faacia 
the  muscles  are  at  once  exposed. 


h 


of  tThe  Digastricus  (Digastric  muscle)  consists  of  two  fleshy  bellies  united  by  an 
of  the  mediate  rounded  tendon.  It  lies  below  the  body  of  the  mandible,  and  extends, 
'^■^^h'f  V-  ^*"''"'  ^'■""^  ^^^  mastoid  process  to  the  symphysis  menti.  The  poBtetior 
BeUtions^''  than  the  anterior,  arises  from  the  mastoid  notch  of  the  temporal 
ment  and  Plat^ses  downward  and  forward.  The  anterior  bellr  arises  from  a  depression 
superficial  brancide  of  the  lower  border  of  the  mandible,  close  to  the  symphysis,  and 
The  deep  turface^^^  ^nj  backward.  The  two  bellies  end  in  an  intermediate  tendon 
It^nuL^and  davi^  '***  Stylohyoideiis  muscle,  and  is  held  in  connection  with  the  side 
'  the  greater  cornu  of  the  hyoid  bone  by  a  fibrous  loop,  which  is 
in\hencck'i^<?uc'iS™s  bv  a  mucous  shcath.     A  broad  aponeurotic  layer  is  given  off 
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from  the  tendon  of  the  Digastricus  on  either  side,  to  be  attached  to  the  body 
and  greater  cornu  of  the  hyoid  bone;  this  is  termed  the  saprahyoid  aponeurosis. 

The  Digaatricua  divides  the  aoterior  triangle  of  the  neck  into  three  amaller  triangle  (1)  the 
mbmuUftrr  brunclB,  bounded  above  by  the  lower  border  of  the  body  of  the  mandible,  and 
iL  line  drawD  from  its  angle  to  the  Sternocleidomaotoideus,  below  by  the  poBterior  belly  of  the 
Digastricus  and  the  Stylohyoid eus,  in  front  by  the  anterior  belly  of  the  Digastricus;  (2)  the 
untid  bundle,  bounded  above  by  the  posterior  belly  of  the  Digastricus  and  Stylohyoideus, 
behind  by  the  Stemoclaidomaatoideus,  below  by  the  Omohyoideus;  (3)  the  BOpiabyoid  or  BUb- 
msllUl  trianflo,  bounded  laterally  by  the  anterior  belly  of  the  Digastricus,  medisily  by  the 
middle  line  of  the  neck  from  the  hyoid  bone  to  the  symphysis  menti,  and  inferiorly  by  the  body 
of  the  hyoid  bone. 

BcUboiU. — The  Digastricus  is  in  relation  by  its  superficial  surface  with  the  Platysma,  Stemo- 
clsidomaatoideua,  part  of  the  Splenius,  Longissinius  capitis,  mastoid  process,  StylohyoideuB,  and 
the  parotid  gland.  The  deep  surface  of  the  anterior  belly  lies  on  the  Mylohyoideus;  that  of  the 
poBlerior  belly  on  the  Styloglossus,  Stylopharyngeus,  and  Hyoglossua  muaclea,  the  external 
carotid  artery  and  its  occipital,  lingual,  external  maxillary,  aad  ascending  pharyngeal  biancbee, 
thp  internal  carotid  artery,  internal  jugular  vein,  and  hypoglossal  nerve. 

The  Stylohyoidens  {Stylohyoid  muscle)  is  a  slender  muscle,  lying  in  front  of,  and 
above,  the  posterior  belly  of  the  Digastricus.  It  arises  from  the  back  and  lateral 
surface  of  the  styloid  process,  near  the  base;  and,  passing  downward  and  forward, 
is  inserted  into  the  body  of  the  hyoid  bone,  at  its  junction  with  the  greater  coma, 
and  just  above  the  Omohyoideus.  It  is  perforated,  near  its  insertion,  by  the  tendon 
of  the  Digastricus. 

The  StflohTold  Lig;am«nt  {ligamerdum  stylohyoideus) . — In  connection  with  the 
Stylohyoideus  muscle  a  ligamentous  band,  the  stylohyoid  ligament,  may  be 
described.  It  is  a  fibrous  cord,  which  is  attached  to  the  tip  of  the  styloid  process 
of  the  temporal  and  the  lesser  cornu  of  the  hyoid  bone.  It  frequently  contains  a 
little  cartilage  in  its  centre,  is  often  partially  ossified,  and  in  many  animals  forms 
a  distinct  bone,  the  epihyal. 

The  Mylohyoidens  (Myhhyotd  muacle),  flat  and  triangular,  is  situated  imme- 
diately above  the  anterior  belly  of  the  Digastricus,  and  forms,  with  its  fellow  of  the 
opposite  side,  a  muscular  floor  for  the  cavity  of  the  mouth.  It  arises  from  the  whole 
lengdi  of  the  mylohyoid  line  of  the  mandible,  extending  from  the  symphysis  in 
front  to  the  last  molar  tooth  behind.  The  posterior  fibres  pass  medialward  and 
slightly  downward,  to  be  inserted  into  the  body  of  the  hyoid  bone.  The  middle  and 
anterior  fibres  are  inserted  into  a  median  fibrous  raph6  extending  from  the  sym- 
physis menti  to  the  hyoid  bone,  where  they  join  at  an  angle  with  the  fibres  of  the 
opposite  muscle.  This  median  raph^  is  sometimes  wanting;  the  fibres  of  the  two 
muscles  are  then  continuous. 


—The  Mylohyoideus  is  in  relation  by  its  superficial  or  under  surface  with  the  Platys- 
ma, the  anterior  belly  of  the  Digastricus,  the  suprahyoid  aponeurosis,  the  superficial  part  of  the 
submaxiliary  gland,  the  external  maxillary  and  submental  vessels,  and  the  mylohyoid  veesels 
Mid  nerve.  By  ita  deep  or  miperior  turface  it  is  in  relation  with  the  Geniohyoideus,  part  of  the 
Byoglossua,  and  the  Styloglossus  muscles,  the  hypoglossal  and  lingual  nerves,  the  submaxillary 
KBnglion,  the  sublingual  gland,  the  deep  portion  of  the  submaxillary  gland  and  the  submaxillary 
Aun,  the  lingual  and  sublingual  vessels,  and  the  buccal  mucous  membrane, 

Nuwtion. — The  Mylohyoideus  should  now  be  removed,  in  order  to  expose  the  muscles  which 
he  beneath;  this  is  effected  by  reflecting  it  from  its  attachnientB  to  the  hyoid  bone  and  mandible, 
and  separating  it  by  a  vertical  incision  from  its  fellow  of  the  opposite  side. 

The  Geniohyoideus  {Geniohyoid  muscle)  is  a  narrow  muscle,  situated  above  the 
medial  border  of  the  Mylohyoideus.  It  arises  from  the  inferior  mental  spine  on 
the  back  of  the  symphysis  menti,  and  runs  backward  and  slightly  downward,  to 
he  inserted  into  the  anterior  surface  of  the  body  of  the  hyoid  bone;  it  lies  in  con- 
tact with  its  fellow  of  the  opposite  side. 

Hmtm.— The  Mylohyoideus  and  anterior  beUy  of  the  D^astricus  are  supplied  by  the  mylo- 
)j  hyoid  branch  of  the  inferior  alveolar;  the  Stylohyoideus  and  posterior  belly  of  the  Digastricus, 
tv  the  fuial;  the  Geniohyoideus,  by  the  hypoglossal. 
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ActionB. — ^These  muscles  perform  two  very  important  actions.  During  the  act  of  deglutition 
they  raise  the  hyoid  bone,  and  with  it  the  base  of  the  tongue;  when  the  hyoid  bone  is  fixed  by  its 
depressors  and  those  of  the  larynx,  they  depress  the  mandible.  During  the  first  act  of  degluti- 
tion, when  the  mass  of  food  is  being  driven  from  the  mouth  into  the  pharynx,  the  hyoid  bone 
and  with  it  the  tongue,  is  carried  upward  and  forward  by  the  anterior  bellies  of  the  Digastrici, 
the  Mylohyoidei,  and  Geniohyoidei.  In  the  second  act,  when  the  mass  is  passing  through  the 
pharynx,  the  direct  elevation  of  the  hyoid  bone  takes  place  by  the  combined  action  of  aU  the 
muscles;  and  after  the  food  has  passed,  the  hyoid  bone  is  carried  upward  and  backward  by  the 
posterior  bellies  of  the  Digastrici  and  the  Stylohyoidei,  which  assist  in  preventing  the  return 
of  the  food  into  the  mouth. 


The  infrahyoid  muscles  are: 

Sternohyoideus. 
Sternothyreoideus. 


Thyreohyoideus. 
Omohyoideus. 


Dissection. — The  muscles  in  this  region  may  be  exposed  by  removing  the  deep  fascia  from 
the  front  of  the  neck.  In  order  to  see  the  entire  extent  of  the  Omohyoideus  it  is  necessary  to 
divide  the  Sternocleidomastoideus  at  its  centre,  and  turn  its  ends  aside,  and  to  detach  the  Trape- 
zius from  the  clavicle  and  scapula.  This,  however,  should  not  be  done  until  the  Trapezius  has 
been  dissected. 

The  Sternohyoideus  (Sternohyoid  mtiscle)  is  a  thin,  narrow  muscle,  which  arises 
from  the  posterior  surface  of  the  medial  end  of  the  clavicle,  the  posterior  sterno- 
clavicular ligament,  and  the  upper  and  posterior  part  of  the  manubrium  sterni. 
Passing  upward  and  medialward,  it  is  inserted,  by  short,  tendinous  fibres,  into  the 
lower  border  of  the  body  of  the  hyoid  bone.  Below,  this  muscle  is  separated 
from  its  fellow  by  a  considerable  interval;  but  the  two  muscles  come  into  contact 
with  one  another  in  the  middle  of  their  course,  and  from  this  upward,  lie  side  by 
side.  It  sometimes  presents,  inmiediately  above  its  origin,  a  transverse  tendinous 
inscription. 

The  Sternothyreoideus  {Sternothyroid  muscle)  is  shorter  and  wider  than  the 
preceding  muscle,  beneath  which  it  is  situated.  It  arises  from  the  posterior  surface 
of  the  manubrium  sterni,  below  the  origin  of  the  Sternohyoideus,  and  from  the  edge 
of  the  cartilage  of  the  first  rib,  and  sometimes  that  of  the  second  rib,  it  is  inserted 
into  the  oblique  line  on  the  lamina  of  the  thyroid  cartilage.  This  muscle  is  in 
close  contact  with  its  fellow  at  the  lower  part  of  the  neck,  but  diverges  somewhat 
as  it  ascends;  it  is  occasionally  traversed  by  a  transverse  or  oblique  tendinous 
inscription. 

The  Thyreohyoideus  {Thyrohyoid  muscle)  is  a  small,  quadrilateral  muscle 
appearing  like  an  upward  continuation  of  the  Sternothyreoideus.  It  arises  from 
the  oblique  line  on  the  lamina  of  the  thyroid  cartilage,  and  is  inserted  into  the 
lower  border  of  the  greater  cornu  of  the  hyoid  bone. 

The  Omohyoideus  (Omohyoid  muscle)  consists  of  two  fleshy  bellies  united  b>' 
a  central  tendon.  It  arises  from  the  upper  border  of  the  scapula,  and  occasionally 
from  the  superior  transverse  ligament  which  crosses  the  scapular  notch,  its  extent 
of  attachment  to  the  scapula  varying  from  a  few  millimetres  to  2.5  cm.  From 
this  origin,  the  inferior  belly  forms  a  flat,  narrow  fasciculus,  which  inclines  for^^ard 
and  slightly  upward  across  the  lower  part  of  the  neck,  being  bound  down  to  the 
clavicle  by  a  fibrous  expansion;  it  then  passes  behind  the  Sternocleidomastoideus, 
becomes  tendinous  and  changes  its  direction,  forming  an  obtuse  angle.  It  ends 
in  the  superior  belly,  which  passes  almost  vertically  upward,  close  to  the  lateral 
border  of  the  Sternohyoideus,  to  be  inserted  into  the  lower  border  of  the  body 
of  the  hyoid  bone,  lateral  to  the  insertion  of  the  Sternohyoideus.  The  central 
tendon  of  this  muscle  varies  much  in  length  and  form,  and  is  held  in  position  by 
a  process  of  the  deep  cervical  fascia,  which  sheaths  it,  and  is  prolonged  down  to 
be  attached  to  the  clavicle  and  first  rib;  it  is  by  this  means  that  the  angular  form 
of  the  muscle  is  maintained. 
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The  interior  belly  of  the  Omohyoideus  divides  the  posterior  triangle  of  the  neck  into  an  upper 
or  DcdtdUl  trikiicls  and  a  lower  or  snbclaTian  trijuk^,  while  its  superior  belly  divides  the  anterior 
triuigie  into  on  upper  or  carotid  trianclfl  and  a  lower  or  moBCular  triangle. 

Htrrw. — The  Thyreohyoideus  is  supplied  by  a  branch  from  the  hypoglowal  nerve;  the  superior 
beUjr  ol  the  Omohyoideus  by  the  desccndens  hypogloasi;  the  Sternohyoideus,  Stemothyreoideus, 
Bnd  inferior  belly  of  the  Omohyoideus  are  supplied  by  branches  from  the  loop  between  the  des- 
wndme  hypc^oeu  and  descendens  cervicalis. 

fcdinii. — These  muscles  depress  the  larynx  and  hyoid  bone,  after  they  have  been  drawn  up 
ffith  the  pharynx  in  the  act  of  deglutition.  The  Omohyoidei  not  only  depress  the  hyoid  bone, 
but  cury  it  backward  and  ta  one  or  the  other  side.  They  are  concerned  especially  in  prolonged 
in^Matory  efforts;  for  by  rendering  the  lower  part  of  the  cervical  fascia  tense  they  lessen  the 
inwsrd  suction  of  the  soft  parts,  which  would  otherwise  compress  the  great  vessels  and  the 
apices  of  the  lungs.  The  Thyreohyoideus  may  act  aa  an  elevator  of  the  thyroid  cartilage,  when 
tbc  hyoid  bone  ascends,  drawing  tbe  thyroid  cartilage  up  behind  the  hyoid  bone.  The  Stemo- 
thjTeiudeuB  acts  as  a  depressor  of  the  thyroid  cartilage. 


IV.     THE  ANTERIOR  VERTEBRAL  MUSCLES  (Fig.  492). 
Tbe  anterior  vertebral  muscles  are: 


Longus  colli. 
Longus  capitis. 


Rectus  capitis  anterior. 
Rectus  capitis  lateralis. 


The  Lontnis  coin  is  situated  on  the  anterior  surface  of  the  vertebral  column, 
between  the  atlas  and  the  third  thoracic  vertebra.  It  is  broad  in  the  middle, 
narrow  and  pointed  at  either  end,  and  consists  of  three  portions,  a  superior  oblique, 
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an  inferior  oblique,  and  a  vertical.  The  superior  oblique  portion  arises  from  the 
anterior  tubercles  of  the  transverse  processes  of  the  third,  fourth,  and  fifth  cerv^ical 
vertebrae;  and,  ascending  obliquely  with  a  medial  inclination,  is  inserted  by  a  narrow^ 
tendon  into  the  tubercle  on  the  anterior  arch  of  the  atlas.  The  inferior  oblique 
portion,  the  smallest  part  of  the  muscle,  arises  from  the  front  of  the  bodies  of  the 
first  two  or  three  thoracic  vertebrae;  and,  ascending  obliquely  in  a  lateral  direction, 
is  inserted  into  the  anterior  tubercles  of  the  transverse  processes  of  the  fifth  and 
sixth  cervical  vertebrae.  The  vertical  portion  arises,  below,  from  the  front  of  the 
bodies  of  the  upper  three  thoracic  and  lower  three  cervical  vertebrae,  and  is  in- 
serted into  the  front  of  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 

The  Longus  capitis  {Rectus  capitis  anticus  major),  broad  and  thick  above, 
narrow  below,  arises  by  four  tendinous  slips,  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and 
ascends,  converging  toward  its  fellow  of  the  opposite  side,  to  be  inserted  into  the 
inferior  surface  of  the  basilar  part  of  the  occipital  bone. 

The  Rectus  capitis  anterior  {Rectus  capitis  anticus  minor)  is  a  short,  flat  muscle, 
situated  immediately  behind  the  upper  part  of  the  Longus  capitis.  It  arises  from 
the  anterior  surface  of  the  lateral  mass  of  the  atlas,  and  from  the  root  of  its 
transverse  process,  and  passing  obliquely  upward  and  medialward,  is  inserted  into 
the  inferior  surface  of  the  basilar  part  of  the  occipital  bone  immediately  in  front 
of  the  foramen  magnum. 

The  Rectus  capitis  lateralis,  a  short,  flat  muscle,  arises  from  the  upper  surface 
of  the  transverse  process  of  the  atlas,  and  is  inserted  into  the  under  surface  of  the 
jugular  process  of  the  occipital  bone. 

Nerves. — ^The  Rectus  capitis  anterior  and  the  Rectus  capitis  lateralis  are  supplied  from  the 
loop  between  the  first  and  second  cervical  nerves;  the  Longus  capitis,  by  branches  from  the 
first,  second,  and  third  cervical;  the  Longus  colli,  by  branches  from  the  second  to  the  seventh 
cervical  nerves. 

Actions. — The  Longus  capitis  and  Rectus  capitis  anterior  are  the  direct  antagonists  of  the 
muscles  at  the  back  of  the  neck,  serving  to  restore  the  head  to  its  natural  position  after  it  has 
been  drawn  backward.  These  muscles  also  flex  the  head,  and  from  their  obliquity,  rotate  it, 
so  as  to  turn  the  face  to  one  or  the  other  side.  The  Rectus  lateralis,  acting  on  one  side,  bends 
the  head  laterally.  The  Longus  colli  flexes  and  slightly  rotates  the  cervical  portion  of  the  vertebral 
colunm. 

V.     THE  LATERAL  VERTEBRAL  MUSCLES  (Fig.  492). 

The  lateral  vertebral  muscles  are: 

Scalenus  anterior.  Scalenus  medius. 

Scalenus  posterior. 

The  Scalenus  anterior  {Scalenus  anticus)  lies  deeply  at  the  side  of  the  neek, 
behind  the  Sternocleidomastoideus.  It  arises  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and 
descending,  almost  vertically,  is  inserted  by  a  narrow,  flat  tendon  into  the  scalene 
tubercle  on  the  inner  border  of  the  first  rib,  and  into  the  ridge  on  the  upper  surface 
of  the  rib  in  front  of  the  subclavian  groove. 

BelationB. — In  front  of  the  Scalenus  anterior  are  the  clavicle,  the  Subclavius,  Sternocleido- 
mastoideus, and  Omohyoideus  muscles,  the  transverse  cervical,  the  transverse  scapular,  ajid 
ascending  cervical  arteries,  the  subclavian  vein,  and  the  phrenic  nerve.  By  its  posterior  surface, 
it  is  in  relation  with  the  cords  of  the  brachial  plexus,  the  subclavian  artery,  and  the  pleura,  which 
separate  it  from  the  Scalenus  medius.  Below,  it  is  separated  from  the  Longus  colli  by  the  vertebral 
artery,  and  above,  from  the  Longus  capitis,  by  the  ascending  cervical  branch  of  the  inferior 
thyroid  artery. 

The  Scalenus  medius,  the  largest  and  longest  of  the  three  Scaleni,  arises 
from  the  posterior  tubercles  of  the  transverse  processes  of  the  lower  six  cervical 
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vertebrae,  and  descending  along  the  side  of  the  vertebral  column,  is  inserted  by  a 
™ad  attachment  into  the  upper  surface  of  the  first  rib,  between  the  tubercle 
and  the  subclavian  groove. 

B«Utbn8. — The  Scalenus  medius  is  in  relation  by  its  anterior  surface  with  the  Stemocleido- 
°>*stoideus;  it  is  crossed  by  the  clavicle  and  the  Omohyoideus;  the  subclavian  artery  and  the 
**^cal  nerves  separate  it  from  the  Scalenus  anterior.  Lateral  to  it  are  the  Levator  scapulae 
*^d  the  Scalenus  posterior.  The  long  thoracic  nerve  is  formed  in  the  substance  of  the  Scalenus 
n^ediitt  and  emerges  from  it;  the  dorsal  scapular  nerve  also  pierces  it. 

The  Scalenus  posterior  (Scalenus  posticus),  the  smallest  and  most  deeply  seated 
of  the  three  Scaleni,  arises,  by  two  or  three  separate  tendons,  from  the  posteriolr 
tubercles  of  the  transverse  processes  of  the  lower  two  or  three  cervical  vertebrae, 
Md  is  inserted  by  a  thin  tendon  into  the  outer  surface  of  the  second  rib,  behind 
™  attachment  of  the  Serratus  anterior.  It  is  occasionally  blended  with  the 
Scalenus  medius. 

wreg. — ^xhe  Scaleni  are  supplied  by  branches  from  the  second  to  the  seventh  cervical  nerves, 
fh  iwf  '^" — ^^^"^  *^®  Scaleni  act  from  above,  they  elevate  the  first  and  second  ribs,  and  are, 
^^\i'   inspiratory  muscles.    Acting  from  below,  they  bend  the  vertebral  column  to  one  or 
otflCTfflci^^  if  the  muscles  of  both  sides  act,  the  vertebral  column  is  sUghtly  flexed. 


THE  FASCIA  AND  MUSCLES  OF  THE  TRUNK. 

The  muscles  of  the  trunk  may  be  arranged  in  six  groups: 

I.  Deep  Muscles  of  the  Back.  IV.  Muscles  of  the  Abdomen. 

II.  Suboccipital  Muscles.  V.  Muscles  of  the  Pelvis. 

III.  Muscles  of  the  Thorax.  VI.  Muscles  of  the  Perineum. 


I.     THE  DEEP  BffUSCLES  OF  THE  BACK  (Fig.  494). 

The  deep  or  intrinsic  muscles  of  the  back  consist  of  a  complex  group  of  muscles 
extending  from  the  pelvis  to  the  skull.    They  are: 

Splenius  capitis.  Multifidus. 

Splenius  cervicis.  Rotatores. 

Sacrospinalis.  Interspinales. 

Semispinalis.  Intertransversarii. 

Disseetion  of  the  Mnsdes  of  the  Back  by  Layers  (Fig.  493).— Firaf  Layer,— Fhuce  the  body 
in  a  prone  position,  with  the  arms  extended  over  the  sides  of  the  table,  and  the  thorax  and 
abdomen  supported  by  several  blocks,  so  as  to  render  the  muscles  tense.  Then  make  an  inci- 
sioQ  along  the  middle  line  of  the  back  from  the  occipital  protuberance  to  the  coccyx.  Make  a 
transverse  incision  from  the  upper  end  of  this  to  the  mastoid  process,  and  a  third  incision  from 
its  lower  end,  along  the  crest  of  the  ilium  to  about  its  middle.  This  large  intervening  space 
should,  for  convenience  of  dissection,  be  subdivided  by  a  fourth  incision,  extending  obliquely 
from  the  spinous  process  of  the  last  thoracic  vertebra,  upward  and  outward  to  the  acromion 
procees.  This  incision  corresponds  with  the  lower  border  of  the  Trapezius  muscle.  The  flaps 
of  integument  are  then  to  be  removed  in  the  direction  shown  in  the  figure. 

Second  Layer. — ^The  Trapezius  must  be  removed,  in  order  to  expose  the  second  layer;  to  efifect 
this,  detach  the  muscle  from  its  attachment  to  the  clavicle  and  spine  of  the  scapula,  and  turn 
it  back  toward  the  vertebral  column. 

Third  Layer. — ^To  bring  into  view  the  third  layer  of  muscles,  remove  the  whole  of  the  second, 
together  with  the  Latissimus  dorsi,  by  cutting  through  the  Levator  scapulae  and  Rhomboidei 
niiBcles  near  their  origin,  and  reflecting  them  downward,  and  by  dividing  the  Latissimus  dorsi 
in  the  middle  by  a  vertical  incision  carried  from  its  upper  to  its  lower  part,  and  reflecting  the 
two  halves  of  the  muscle. 

Fourth  Layer. — ^To  expose  the  muscles  of  the  fourth  layer,  remove  entirely  the  Serrati  and 
^be  vertebral  and  lumbar  f ascise.  Then  detach  the  Splenius  by  separating  its  attachment  to  the 
spinous  processes  and  reflecting  it  outward. 
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Fifth  Layer. — Remove  the  muscles  of  the  preceding  layer  by  dividing  and  turning  aside  the 
miBpinaJis  ca.pitis;  then  detach  the  Spinalis  and  Longissimiis  dorsi  from  their  attachments, 
ifide  the  Sacroapinalis  at  its  connection  below  to  the  sacral  lumbar  vertebre  and  turn  it  out- 
ird.  The,  muscles  filling  up  the  mt«rval  between  the  spinous  &nd  tranavetse  processes  are  then 
posed. 

The  Liimbodorsal  Fascia  (fascia  Iwmbodorsalis;  lumbar  aponeurosis  and  vertebral 
ia). — The  lumbodorsal  fascia  is  a  deep  investing  membrane  which  covers  the 
deep  muscles  of  the  back  of  the  trunk.  Above,  it 
passes  in  front  of  the  Serratus  posterior  superior 
and  is  continuous  with  a  similar  investing  layer 
on  the  back  of  the  neck — the  nachal  fascia. 

In  the  thoracic  region  the  lumbodorsal  fascia 
is  a  thin  fibrous  lamina  which  serves  to  bind 
down  the  Extensor  muscles  of  the  vertebral 
column  and  to  separate  them  from  the  muscles 
connecting  the  vertebral  column  to  the  upper 
extremity.  It  contains  both  longitudinal  and 
transverse  fibres,  and  is  attached,  medially,  to 
the  spinous  processes  of  the  thoracic  vertebrse; 
laterally  to  the  angles  of  the  ribs. 

In  the  lumbar  region  the  fascia  (lumbar  apon- 
eurosis) is  in  two  layers,  anterior  and  posterior 
(Fig.  494).  The  posterior  la\'er  is  attached  to 
the  spinous  processes  of  the  lumbar  and  sacral 
vertebrse  and  to  the  supraspinal  ligament;  the 
anterior  is  attached,  medially,  to  the  tips  of  the 
transverse  processes  of  the  lumbar  vertebrse  and 
to  the  intertransverse  ligaments,  below,  to  tie 
iliolumbar  ligament,  and  above,  to  the  lumbo- 
costal ligament.  The  two  layers  unite  at  the 
lateral  margin  of  the  Sacrospinalis,  to  form  the 
tendon  of  origin  of  the  Transversus  abdominis. 
The  Splenitu  capitis  (Fig.  516)   arises  from 

10.      .—  '""*"*^t      ""'  ""     •      the  lower  half  of  the  ligamentum  nuchafe,  from 
the   spinous  process    of   the  seventh   cervicil 

jrtebra,  and  from  the  spinous  processes  of  the  upper  three  or  four  thoracic 

atebrte.    The  fibres  of  the  muscle  are  directed  upward  and  lateralward  and 
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e  inserted,  under  cover  of  the  Sternocleidomastoideus,  into  the  mastoid  process 
the  temporal   bone,   and  into  the  rough  surface  on  the  occipital  bone  just 
■low  the  lateral  third  of  the  superior  nuchal  line. 
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The  Rectus  capitis  posterior  major  (Rectus  capitis  posticus  major)  arises  by  a 
pointed  tendon  from  the  spinous  process  of  the  axis,  and,  becoming  broader  as 
it  asc^nds,  is  inserted  into  the  lateral  part  of  the  inferior  nuchal  line  of  the  occipital 
}yoti^  a.n<i  the  surface  of  the  bone  immediately  below  the  line.  As  the  muscles  of 
th^  ^^^p  sides  pass  upward  and  lateralward,  they  leave  between  them  a  triangular 
^p^<^*  iix  which  the  Recti  capitis  posteriores  minores  are  seen. 

^^  Rectus  capitis  posterior  minor  (Rectus  capitis  posticus  minor)  arises  by  a 
xssj^*  ^  pointed  tendon  from  the  tubercle  on  the  posterior  arch  of  the  atlas,  and, 
^^^\Ttg  as  it  ascends,  is  inserted  into  the  medial  part  of  the  inferior  nuchal  line 
or  the  occipital  bone  and  the  surface  between  it  and  the  foramen  magniun. 

The  Obliquus  capitis  inferior.  (Obliquus  inferior),  the  larger  of  the  two  Oblique 
muscles,  arises  from  the  apex  of  the  spinous  process  of  the  axis,  and  passes  lateral- 
ward  and  slightly  upward,  to  be  inserted  into  the  lower  and  back  part  of  the 
transverse  process  of  the  atlas. 

The  Obliquus  capitis  siq)erior  (Obliquus  superior),  narrow  below,  wide  and 
expanded  above,  arises  by  tendinous  fibres  from  the  upper  surface  of  the  transverse 
process  of  the  atlas,  joining  with  the  insertion  of  the  preceding.  It  passes  upward 
and  medialward,  and  is  inserted  into  the  occipital  bone,  between  the  superior  and 
inferior  nuchal  lines,  lateral  to  the  Semispinalis  capitis. 

The  Suboccipital  Triangle. — Between  the  Obliqui  and  the  Rectus  capitis  posterior  major  is 
the  BUbocciiiital  triangle.    It  is  bounded,  above  and  mediaUy,  by  the  Rectus  capitis  posterior 
maior;  abme  and  UUertdlyj  by  the  Obliquus  capitis  superior;  below  and  lateraUy,  by. the  Obliquus 
capitis  inferior.    Jt  is  covered  by  a  layer  of  dense  fibro-fatty  tissue,  situated  beneath  the  Semi- 
spinalis capitis.    The  floor  is  formed  by  the  iKwterior  occipitoatlantal  membrane,  and  the  posterior 
arcb.of  the  atlas.    In  the  deep  groove  on  the  upper  surface  of  the  posterior  arch  of  the  atlas  are 
ihe  vertebral  artery  and  the  first  cervical  or  suboccipital  nerve. 

Nenes. — ^The  deep  muscles  of  the  back  and  the  suboccipital  muscles  are  supplied  by  the 
posterior  primary  divisions  of  the  spinal  nervesf- 

'  Aetiona. — The  Sacrospinalis  and  its  upward  continuations  and  the  Spinales  serve  to  main- 
ly the  vertebral  column  in  the  erect  posture;  they  also  serve  to  bend  the  trunk  backward  wheii 
it  is  required  to  counterbalance  the  influence  of  any  weight  at  the  front  of  the  body — as,  for 
ii^stance,  when  a  heavy  weight  is  suspended  from  the  neck,  or  when  there  is  any  great  abdominal 
disteDsion,  as  in  pregnancy  or  dropsy;  the  peculiar  gait  under  such  circumstances  depends  upon 
the  vertebral  colimin  being  drawn  backward,  by  the  counterbalancing  action  of  the  Sacrospinales. 
The  muscles  which  form  the  continuation  of  the  Sacrospinales  on  to  the  head  and  neck  steady 
those  parts  and  fix  them  in  the  upright  position.    If  the  Iliocostalis  lumborum  and  Longissimus 
^oiBi  of  otie  side  act,  they  serve  to  draw  down  the  chest  and  vertebral  column  to  the  correspond- 
^  side.   The  Iliocostales  cervicis,  taking  their  fixed  points  from  the  cervical  vertebrae,  elevate 
.^086' ribs -to  which  they  are  attached;  taking  their  fixed  points  from  the  ribs,  both  muscles  help 
to  extead  the  neck;  while  one  muscle  bends  the  neck  to  its  own  side.    When  both  Longissimi 
^^Jcis  aet  from  below,  they  bend  the  neck  backward.    When  both  Longissimi  capitis  act  from 
^^t  they  bend  the  head  backward;  while,  if  only  one  muscle  acts,  the  face  is  turned  to  the 
ode  on  which  the  muscle  is  acting,  and  then  the  head  is  bent  to  the  shoulder.    The  two  Recti 
®*^  the  head  backward.    The  Rectus  capitis  posterior  major,  owing  to  its  obliquity,  rotates 
r^^uU,  with  the  atlas,  around  the  odontoid  process,  turning  the  face  to  the  same  side.    The 
fi  acts  successively  upon  the  different  parts  of  the  column;  thus,  the  sacrum  furnishes 

f°*ed-point  from  which  the  fasciculi  of  this  muscle  acts  upon  the  lumbar  region;  which  in  turn 
*^pOie8  the  fixed  point  for  the  fascicuU  moving  the  thoracic  region,  and  so  on  throughout  the 
^^f^  tength  of  the  column.    The  Multifidus  also  serves  to  rotate  the  column,  so  that  the  front 
.*^®  trunk  is  turned  to  the  side  opposite  to  that  from  which  the  muscle  acts,  this  muscle  being 
*^*®ted  in  its  action  by  the  ObUquus  extemus  abdominis.    The  Obliquus  capitis  superior  draws 
tn^  head  backward  and  to  its  own  side.    The  Obliquus  inferior  rotates  the  atlas,  and  with  it  the 
-«tuU,  around  the  odontoid  process,  turning  the  face  to  the  same  side.   When  the  Semispinales  of 
the  two  sides  act  together,  they  help  to  extend  the  vertebral  column;  when  the  muscl^  of  only 
one  aide  act,  they  rotate  the  thoracic  and  cervical  parts  of  the  column,  turning  the  body  to  the 
oWiosite  side.    The  Semispinales  capitis  draw  the  head  directly  backward;  if  one  muscle  acts, 
'  H  draws  the  head  to  one  side,  and  rotates  it  so  that  the  face  is  turned  to  the  opposite  side.    The 
Interspinales  by  approximating  the  spinous  processes  help  to  extend  the  column,     i  ne  inter- 
trahsversarii  approximate  the  transverse  procesares,  and  help  to  bend  the  C9lumn  to  9^e  side 
.  The  Rofcatbres  assist  the  Multifidus  to  rotate  the  '^  vertebral  column,  so  that  the  front  oi  tne  trunk 
•  is  timed  to  the  side  opposite  to  that  from  which  tfce  muscles  act. 
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1  cases  of  tuberculous  cariee  of  the  vertebral  bodies,  aad  in  other  diseases 
;  the  vertebral  column,  rigidity  of  the  Bpinal  muscles  is  one  of  the  earliest  and  most  con- 
'mptoma.  A  child  with  commencing  spinal  disease  always  maintains  the  affected  portion 
olumn  in  a  state  of  absolute  rigidity,  to  prevent  the  inflamed  structures  from  being  moved 
each  other;  this  is  one  of  the  best  examples  of  nature's  method  of  producing  rest  of  the 

m.   THE  BnrSCLES   OF  THE   THORAX. 

muscles  belonging  to  this  group  are  the 

Intercostales  externi.  Levatores  costarum. 

Intercostales  interni.  Serratus  posterior  superior, 

Subcostales.  Serratus  posterior  inferior. 

Transversus  thoracis.  -       Diaphragma. 

costal  Fsscitt.^ — In  each  intercostal  space  thin  but  firm  layers  of  fascia 
the  outer  surface  of  the  Intercostalis  externus  and  the  inner  siH^ace  of  the 
istalis  intemus;  and  a  third,  more  delicate  layer,  is  interposed  between  the 
lanes  of  muscular  fibres.  They  are  best  marked  in  those  situations  where 
iscular  fibres  are  deficient,  as  between  the  Intercostales  externi  and  sternum 
t,  and  between  the  Intercostales  interni  and  vertebral  column  behind, 
bitercostales  (Iviercostal  muscled)  (Fig.  520)  are  two  thin  planes  of  muscular 
ndinous  fibres  occupying  each  of  the  intercostal  spaces.  They  are  named 
il  and  internal  from  their  surface  relations— the  external  being  superficial 
internal. 

Intercostales  externi  (External  intercostah)  are  el^en  in  number  on  either 
They  extend  from  the  tubercles  of  the  ribs  behind,  to- the  cartilages  of  the 

front,  where  they  end  in  thin  membranes,  the  anterior  intercostal  membranes, 
are  continued  forward  to  the  sternum.  Each  arises  from  the  lower  border 
b,  arid  is  inserted  into  the  upper  border  of  the  rib  below.    In  the  two  lower 

they  extend  to  the  ends  of  the  cartilages,  and  in  the  upper  two  or  three 

they  do  not  quite  reach  the  ends  of  the  ribs.  They  are  thicker  than  the 
^stales  interni,  and  their  fibres  are  directed  obliquely  downward  and  lateral- 
m  the  back  of  the  thorax,  and  downward,  forward,  and  medialward  on  the 

Intercostales  Interni  (Internal  intereostals)  are  also  eleven  in  number  on 
side.  They  conmience  anteriorly  at  the  sternum,  in  the  interspaces  between 
rtilages  of  the  true  ribs,  and  at  the  anterior  extremities  of  the  cartilages  of 
se  ribs,  and  extend  backward  as  far  as  the  angles  of  the  ribs,  whence  they 
itinued  to  the  vertebral  column  by  thin  aponeuroses,  the  posterior  Intercostal 
anes.  Each  arises  from  the  ridge  on  the  inner  surface  of  a  rib,  as  well  as 
;he  corresponding  costal  cartilage,  and  is  inserted  into  the  upper  border 
rib  below.  Their  fibres  are  also  directed  obliquely,  but  pass  in  a  direction 
te  to  those  of  the  Intercostales  externi. 

Subcost&les  (Injracostahs)  consist  of  muscular  and  aponeurotic  fasciculi, 
are  usually  well-developed  only  in  the  lower  part  of  the  thorax;  each  arises 
he  inner  surface  of  one  rib  near  its  angle,  and  is  inserted  into  the  inner 
;  of  the  second  or  third  rib  below.  Their  fibres  run  in  the  same  direction 
je  of  the  Intercostales  interni. 

TiansTersns  thoracis  (Triangularis  sterni)  is  a  thin  plane  of  muscular  and 
Dus  fibres,  situated  upon  the  inner  surface  of  the  front  -wall  of  the  chest 
:96).    It  arises  on  either  side  from  the  lower  third  of  the  posterior  surface 

bodj-  of  the  sternum,  from  the  posterior  surface  of  the  xiphoid  process, 
jm  the  sternal  ends  of  the  costal^  cartilages  of  the  lower  three  or  four  true 
Its  fibres  diverge  upward  and  l/(teralward,  to  be  inserted  by  slips  into  the 
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lower  borders  and  inner  surfaces  of  the  costal  cartilages  of  the  second,  third,  fourth, 
fifth,  and  sixth  ribs.  The  lowest  fibres  of  this  muscle  are  horizontal  in  their  direc- 
tion, and  are  continuous  with  those  of  the  Transversus  abdominis;  the  intermediate 
fibres  are  oblique,  while  the  highest  are  almost  vertical.  This  muscle  varies  in  its 
attachments,  not  only  in  different  sub- 
jects, but  on  opposite  sides  of  the  same 
subject. 

The  Levatores  costsmm  (Fig.  495), 
tw^lw  in  number  on  either  side,  are  small 
tendinous   and   fieshy   bundles,   which 
arise  from  the  ends  of  the   transverse 
processes  of  the  seventh   cervical  and 
upper  eleven  thoracic  vertebrse;  5J*<?s. 
pass  obliquely  downward   and  lafpral-  ^ 
ward,  like  the  fibres  of  the  Intercogteles  / 
extemi,  and-  each  is  inserted  into  cfcr^ 
outer  surface  of   the  rib   immediately 
below  the  vertebra  from  which  it  takes 
origin,  between  the  tubercle   and  the 
angle  (Leratores  costanun  brsTes).  Each 
of  the  four  lower  muscles  divides  into 
two  fasciculi,  one  of  which  is  inserted 
as  above  described;  the  other  passes     < 
down  to  the  second  rib  below  its  origin 
(Leratwes  costanun  longl). 

The  Semtus  poaterior  superior  {Ser- 
ralus  posticus  superior)  is  a  thin,  quad- 
rilateral muscle,  situated  at  the  upper 
and  back  part  of  the  thorax.    It  arises 

by  a  thin  and  broad  aponeurosis  from  „ 

the  lower  part  of  the  ligamentum  nu- 
chae,  from  the  spinous  processes  of  the 

seventh  cervical  anduppertwo  or  three  '°'c»riiia«e^iiiSw'iwiT'Mevwu»™nuji»." 

thoracic  vertebrse  and  from  the  supra- 
spinal ligament.    Inclining  downward  and  lateralward  it  becomes  muscular,  and 
is  inserted,  by  four  fleshy  digitations,  into  the  upper  borders  of  the  second,  third, 
fourth,  and  fifth  ribs,  a  little  beyond  their  angles. 

The  Serratus  posterior  inferior  (SerTatvs  posticus  inferior)  (Fig.TW^is  situated 
at  the  junction  of  the  thoracic  and  lumbar  regions:  it  is  of  an  irregularly  quadri- 
lateral form,  broader  than  the  preceding,  and  separated  from  it  by  a  wide  interval. 
It  arises  by  a  thin  aponeurosis  from  the  spinous  processes  of  the  lower  two  thoracic 
and  upper  two  or  three  lumbar  vertebne,  and  from  the  supraspinal  ligament. 
Passing  obliquely  upward  and  lateralward,  it  becomes  fleshy,  and  divides  into 
four  flat  digitations,  which  are  inserted  into  the  inferior  borders  of  the  lower  four 
ribs,  a  little  beyond  their  angles.  The  thin  aponeurosis  of  origin  is  intimately 
blended  with  the  lumbodorsal  fascia. 

HoTTM. — The  muscles  of  thia  group  are  supplied  by  the  iotercoHtal  nerves. 

The  Diapbragma  {Diaphragm)  (Figs.  497,  498)  is  a  dome-shaped  musculo- 
fibrous  septum  which  separates  the  thoracic  from  the  abdominal  ca\ity,  its  convex 
upper  surface  forming  the  floor  of  the  former,  and  its  concave  under  surface  the 
root  of  the  latter.  Its  peripheral  part  consists  of  muscular  fibres  which  take  origin 
from  the  circumference  of  the  thoracic  outlet  and  converge  to  be  inserted  into  a 
central  tendon. 


The  muscular  fibres  may  be  grouped  according  to  their  origins  into  three  parts 
—sternal,  costal,  and  lumbar.     The  sternal  part  arises  by  two  fleshy  slips  from 
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the  back  of  the  xiphoid  process;  the  costal  part  from  the  inner  surfaces  of  the  car- 
tilages and  adjacent  portions  of  the  lower  six  ribs  on  either  side,  interdigitating 
^'ith  the  Transversus  abdominis;  and  the  lumbar  part  from  aponeurotic  arches, 
iianied  the  lumbocostal  arches,  and  from  the  lumbar  vertebrae  by  two  pillars  or 
cnira.  There  are  two  lumbocostal  arches,  a  medial  and  a  lateral,  on  either  side. 
The  Medial  Lumbocostal  Arch  {arcus  lumhocostxilis  medialis  [Halleri];  inierhal 
amide  ligament)  is  a  tendinous  arch  in  the  fascia  covering  the  upper  part  of  the 
Psoas  major;  medially,  it  is  continuous  with  the  lateral  tendinous  margin  of  the 
corresponding  crus,  and  is  attached  to  the  side  of  the  body  of  the  first  or  second 
lumbar  vertebra;  laterally,  it  is  fixed  to  the  front  of  the  transverse  process  of  the 
first  and,  sometimes  also,  to  that  of  the  second  lumbar  vertebra. 

The  Lateral  Lumbocostal  Arch  (arcus  lumbocostalis  lateralis  [Halleri];  external 
arcuate  ligament)  arches  across  the  upper  part  of  the  Quadratus  lumborum,  and 
is  attached,  medially,  to  the  front  of  the  transverse  process  of  the  first  lumbar 
vertebra,  and,  laterally,  to  the  tip  and  lower  margin  of  the  twelfth  rib. 

The  Crura. — ^At  their  origins  the  crura  are  tendinous  in  structure,  and  blend 
with  the  interior  longitudinal  ligament  of  the  vertebral  column.  The  right  crus, 
larger  and  longer  than  the  left,  arises  from  the  anterior  surfaces  of  the  bodies  and 
inter\'ertebral  fibrocartilages  of  the  upper  three  lumbar  vertebrae,  while  the  left  • 
cnu  arises  from  the  corresponding  parts  of  the  upper  two  only.  The  medial  ten- 
dinous margins  of  the  crura  pass  forward  and  medial  ward,  and  meet  in  the  middle 
line  to  form  an  arch  across  the  front  of  the  aorta;  this  arch  is  often  poorly  defined. 
From  this  series  of  origins  the  fibres  of  the  Diaphragma  converge  to  be  inserted 
into  the  central  tendon.  The  fibres  arising  from  the  xiphoid  process  are  very  short, 
and  occasionally  aponeurotic;  those  from  the  medial  and  lateral  lumbocostal 
arches,  and  more  especially  those  from  the  ribs  and  their  cartilages,  are  longer, 
and  describe  marked  curves  as  they  ascend  and  converge  to  their  insertion.  The 
fibres  of  the  crura  diverge  as  they  ascend,  the  most  lateral  being  directed  upward 
and  lateraiward  to  the  central  tendon.  The  medial  fibres  of  the  right  crus  ascend 
on  the  left  side  of  the  oesophageal  hiatus,  and  occasionally  a  fasciculus  of  the  left 
crus  crosses  the  aorta  and  runs  obliquely  through  the  fibres  of  the  right  crus  toward 
the  vena  caval  foramen  (Low^). 

The  Central  Tendon. — ^The  central  tendon  of  the  Diaphragma  is  a  thin  but  strong 
aponeurosis  situated  near  the  centre  of  the  vault  formed  by  the  muscle,  but  some- 
what closer  to  the  front  than  to  the  back  of  the  thorax,  so  that  the  posterior  muscu- 
lar jSbres  are  the  longer.    It  is  situated  immediately  below  the  pericardium,  with 
which  it  is  partially  blended.    It  is  shaped  somew^hat  like  a  trefoil  leaf,  consisting 
of  three  divisions  or  leaflets  separated  from  one  another  by  slight  indentations. 
The  right  leaflet  is  the  largest,  the  middle,  directed  toward  the  xiphoid  process, 
the  next  in  size,  and  the  left  the  smallest.    In  structure  the  tendon  is  composed 
of  several  planes  of  fibres,  which  intersect  one  another  at  various  angles  and  unite 
into  straight  or  curved  bundles — an  arrangement  which  gives  it  additional  strength. 
Openings  in  the  Diaphragma. — ^The  Diaphragma  is  pierced  by  a  series  of  apertures 
to  permit  of  the  passage  of  structures  between  the  thorax  and  abdomen.    Three 
large  openings — the  aortic,  the  oesophageal,  and  the  vena  caval — and  a  series  of 
smaller  ones  are  described. 

The  aortic  hiatus  is  the  lowest  and  most  posterior  of  the  large  apertures;  it  lies 
at  the  level  of  the  twelfth  thoracic  vertebra.  Strictly  speaking,  it  is  not  an  aperture 
in  the  Diaphragma  but  an  osseoaponeurotic  opening  between  it  and  the  vertebral 
(damn,  and  therefore  behind  the  Diaphragma;  occasionally  some  tendinous  fibres 
prolonged  across  the  bodies  of  the  vertebrae  from  the  medial  parts  of  the  lower  ends 
of  the  crura  pass  behind  the  aorta,  and  thus  convert  the  hiatus  into  a  fibrous  ring. 

^  Journal  of  Anatomy  and  Physiology,  vol.  zlii. 
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The  hiatus  is  situated  slightly  to  the  left  of  the  middle  line,  and  is  bounded  in  front 
by  the  crura,  and  behind  by  the  body  of  the  first  lumbar  vertebra.  Through  it 
pass  the  aorta,  the  azygos  vein,  and  the  thoracic  duct;  occasionally  the  azygos 
vein  is  transmitted  through  the  right  cms. 

The  (Bsophageal  hiatus  is  situated  in  the  muscular  part  of  the  Diaphragma  at 
the  level  of  the  tenth  thoracic  vertebra,  and  is  elliptical  in  shape.  It  is  placed 
above,  in  front,  and  a  little  to  the  left  of  the  aortic  hiatus,  and  transmits  the 
oesophagus,  the  vagus  nerves,  and  some  small  oesophageal  arteries. 

Thr  vena  caval  foramen  is  the  highest  of  the  three,  and  is  situated  about  the  level 
of  the  fibrocartilage  between  the  eighth  and  ninth  thoracic  vertebrae.  It  is  quad- 
rilateral in  form,  and  is  placed  at  the  junction  of  the  right  and  middle  leaflets 
of  the  central  tendon,  so  that  its  margins  are  tendinous.  It  transmits  the  inferior 
vena  cava,  the  wall  of  which  is  adherent  to  the  margins  of  the  opening,  and  some 
branches  of  the  right  phrenic  nerve. 

Of  the  lesser  apertures,  two  in  the  right  cms  transmit  the  greater  and  lesser 
right  splanchnic  nerves;  three  in  the  left  cms  give  passage  to  the  greater  and  lesser 
left  splanchnic  nerves  and  the  hemiazygos  vein.  The  gangliated  trunks  of  the 
sympathetic  usually  enter  the  abdominal  cavity  behind  the  Diaphragma,  under 
the  medial  lumbocostal  arches.  The  structures  piercing  the  crura  are  sometimes 
utilized  to  divide  each  cms  into  three  parts — medial,  intermediate,  and  lateral. 
Between  the  medial  and  intermediate  cmra  pass  the  hemiazygos  vein  and  the 
splanchnic  nerves;  between  the  intermediate  cms  and  the  lateral  cms  (which 
consists  of  the  fibres  rising  from  the  medial  lumbocostal  arch)  the  gangliated  trunks 
pass. 

On  either  side  two  small  intervals  exist  at  which  the  muscular  fibres  of  the 
Diaphragma  are  deficient  and  are  replaced  by  areolar  tissue.  One  between  the 
sternal  and  costal  parts  transmits  the  superior  epigastric  branch  of  the  internal 
mannnary  artery  and  some  lymphatics  from  the  abdominal  wall  and  convex 
surface  of  the  liver.  The  other,  between  the  fibres  springing  from  the  medial  and 
lateral  lumbocostal  arches,  is  less  constant;  when  this  interval  exists,  the  upper 
and  back  part  of  the  kidney  is  separated  from  the  pleura  by  areolar  tissue  only. 

Relations. — ^The  upper  surface  of  the  Diaphragma  is  in  relation  with  three  serous  membranes, 
viz.,  on  either  side  the  pleura,  which  separates  it  from  the  base  of  the  corresponding  lung,  and 
on  the  middle  leaflet  of  the  central  tendon  the  pericardium,  which  intervenes  between  it  and  the 
heart.  The  central  portion  lies  on  a  stightly  lower  level  than  the  summits  of  the  lateral  portions. 
The  greater  part  of  the  under  surface  is  covered  by  the  peritoneum.  The  right  side  is  accurately 
moulded  over  the  convex  surface  of  the  right  lobe  of  the  liver,  the  right  kidney,  and  right  supra- 
renal gland;  the  left  over  the  left  lobe  of  the  liver,  the  fundus  of  the  stomach,  the  spleen,  the  left 
kidney,  and  left  suprarenal  gland. 

Nerres. — ^The  Diaphragma  is  supplied  by  the  phrenic  and  lower  intercostal  nerves. 

Actions. — ^The  Diaphragma  is  the  principal  muscle  of  inspiration,  and  presents  the  form  of 
a  dome  concave  toward  the  abdomen.  The  central  part  of  the  dome  is  tendinous,  and  the  peri- 
cardium is  attached  to  its  upper  surface;  the  circumference  is  muscular.  During  inspiration  the 
lowest  ribs  are  fixed,  and  from  these  and  the  crura  the  muscular  fibres  contract  and  draw  down- 
ward and  forward  the  central  tendon  with  the  attached  pericardium.  In  this  movement  the 
curvature  of  the  Diaphragma  is  scarcely  altered,  the  dome  moving  downward  nearly  parallel 
to  its  original  position  and  pushing  before  it  the  abdominal  viscera.  The  descent  of  the  abdominal 
viscera  is  permitted  by  the  elasticity  of  the  abdominal  wall,  but  the  limit  of  this  is  soon  reached. 
The  central  tendon  applied  to  the  abdominal  viscera  then  becomes  a  fixed  point  for  the  action 
of  the  Diaphragma,  the  effect  of  which  is  to  elevate  the  lower  ribs  and  through  them  to  push 
forward  the  body  of  the  sternum  and  the  upper  ribs.  The  right  cupola  of  the  Diaphragma, 
lying  on  the  liver,  has  a  greater  resistance  to  overcome  than  the  left,  which  lies  over  the  stomach, 
but  to  compensate  for  this  the  right  cms  and  the  fibres  of  the  right  side  generally  are  stronger 
than  those  of  the  left. 

In  all  expulsive  acts  the  Diaphragma  is  called  into  action  to  give  additional  power  to  each 
expulsive  effort.  Thus,  before  sneezing,  coughing,  laughing,  crying,  or  vomiting,  and  previous 
to  th6  expulsion  of  urine  or  feces,  or  of  the  fetus  from  the  uterus,  a  deep  inspiration  takes  place. 
The  height  of  the  Diaphragma  is  constantly  varying  during  respiration;  it  also  varies  with  the 
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degree  of  distension  of  the  stomach  and  intestines  and  with  the  size  of  the  liver.  After  a  forced 
expiration  the  right  cupola  is  on  a  level  in  front  with  the  fourth  costal  cartilage,  at  the  side  with 
the  fifth,  sixth,  and  seventh  ribs,  and  behind  with  the  eighth  rib;  the  left  cupola  is  a  little  lower 
th^  the  right.  Halls  Daily ^  states  that  the  absolute  range  of  movement  between  deep  inspira- 
tion and  deep  expiration  averages  in  the  male  and  female  30  mm.  on  the  right  side  and  28  mm. 
on  the  left;  in  quiet  respiration  the  average  movement  is  12.5  mm.  on  the  right  side  and  12  mm. 
on  the  left. 

Skiagraphy  shows  that  the  height  of  the  Diaphragma  in  the  thorax  varies  considerably  with 
the  position  of  the  body.  It  stands  highest  when  the  body  is  horizontal  and  the  patient  on  his 
back,  and  in  this  position  it  performs  the  largest  respiratory  excursions  with  normal  breathing. 
When  the  body  is  erect  the  dome  of  the  Diaphragma  falls,  and  its  respiratory  movements  become 
smaller.  The  dome  falls  still  lower  when  the  sitting  posture  is  assumed,  and  in  this  position  its 
respiratory  excursions  are  smallest.  These  facts  may,  perhaps,  explain  why  it  is  that  patients 
suffering  from  severe  dyspnoea  are  most  comfortable  and  least  short  of  breath  when  they  sit  up. 
When  the  body  is  horizontal  and  the  patient  on  his  side,  the  two  halves  of  the  Diaphragma  do 
not  behave  alike.  The  uppermost  half  sinks  to  a  level  lower  even  than  when  the  patient  sits, 
and  moves  little  with  respiration ;  the  lower  half  rises  higher  in  the  thorax  than  it  does  when  the 
patient  is  supine,  and  its  respiratory  excursions  are  much  increased.  In  unilateral  disease  of  the 
pleura  or  lungs  analogous  interference  with  the  position  or  movement  of  the  diaphragma  can 
generally  be  observed  skiagraphically. 

It  appears  that  the  position  of  the  Diaphragma  in  the  thorax  depends  upon  three  main  factors, 
nz.:  (1)  the  elastic  retraction  of  the  lung  tissue,  tending  to  pull  it  upward;  (2)  the  pressure 
exerted  on  its  under  surface  by  the  viscera;  this  naturally  tends  to  be  a  negative  pressure,  or  down- 
ward suction,  when  the  patient  sits  or  stands,  and  positive,  or  an  upward  pressure,  when  he  lies 
(3)  the  intra-abdominal  tension  due  to  the  abdominal  muscles.  These  are  in  a  state  of  contrac- 
tion in  the  standing  position  and  not  in  the  sitting;  hence  the  Diaphragma,  when  the  patient 
stands,  is  pushed  up  higher  than  when  he  sits. 

The  Intercostales  intemi  and  extemi  have  probably  no  action  in  moving  the  ribs.  They  con- 
tract simultaneously  and  form  strong  elastic  supports  which  prevent  the  intercostal  spaces  being 
pushed  out  or  drawn  in  during  respiration.  The  anterior  portions  of  the  Intercostales  intemi 
probably  have  .an  additional  function  in  keeping  the  sternocostal  and  interchondral  joint  sur- 
faces in  apposition,  the  posterior  parts  of  the  Intercostales  extemi  performing  a  similar  function 
for  the  costovertebral  articulations.  The  Levatores  costarum  being  inserted  near  the  fulcra  of 
the  ribs  can  have  little  action  on  the  ribs;  they  act  as  rotators  and  lateral  flexors  of  the  vertebral 
column.  The  Transversus  thoracis  draws  down  the  costal  cartilages,  and  is  therefore  a  muscle 
of  expiration. 

The  Serrati  are  respiratory  muscles.  The  Serratus  posterior  superior  elevates  the  ribs  and 
is  therefore  an  inspiratory  muscle.  The  Serratus  posterior  inferior  draws  the  lower  ribs  down- 
ward and  backward,  and  thus  elongates  the  thorax;  it  also  fixes  the  lower  ribs,  thus  assisting 
the  inspiratory  action  of  the  Diaphragma  and  resisting  the  tendency  it  has  to  draw  the  lower 
ribs  upward  and  forward.    It  must  therefore  be  regarded  as  a  muscle  of  inspiration. 

Meehaaism  of  Respiration. — ^The  respiratory  movements  must  be  examined  during  (a)  quiet 
respiration,  and  (6)  deep  respiration. 

Quiet  Respiration. — The  first  and  second  pairs  of  ribs  are  fixed  by  the  resistance  of  the  cervical 
structures;  the  last  pair,  and  through  it  the  eleventh,  by  the  Quadratus  lumborum.  The  other 
ribs  are  elevated,  so  that  the  first  two  intercostal  spaces  are  diminished  while  the  others  are 
increased  in  width.  It  has  already  been  shown  (p.  401)  that  elevation  of  the  third,  fourth,  fifth, 
and  sixth  ribs  leads  to  an  increase  in  the  antero-posterior  and  transverse  diameters  of  the  thorax; 
the  vertical  diameter  is  increased  by  the  descent  of  the  diaphragmatic  dome  so  that  the  lungs 
&re  expanded  in  all  directions  except  backward  and  upward.  Elevation  of  the  eighth,  ninth, 
&nd  tenth  ribs  is  accompanied  by  a  lateral  and  backward  movement,  leading  to  an  increase  in 
the  transverse  diameter  of  the  upper  part  of  the  abdomen;  the  elasticity  of  the  anterior  abdominal 
wall  allows  a  slight  increase  in  the  antero-posterior  diameter  of  this  part,  and  in  this  way  the 
decrease  in  the  vertical  diameter  of  the  abdomen  is  compensated  and  space  provided  for  its 
displaced  viscera.  Expiration  is  effected  by  the  elastic  recoil  of  its  walls  and  by  the  action  of 
the  abdominal  muscles,  which  push  back  the  viscera  displaced  downward  by  the  Diaphragma. 

Deep  Respiration. — ^AU  the  movements  of  quiet  respiration  are  here  carried  out,  but  to  a 
peater  extent.  In  deep  inspiration  the  shoulders  and  the  vertebral  borders  of  the  scapulae  are 
^ed  and  the  limb  muscles.  Trapezius,  Serratus  anterior,  Pectorales,  and  Latissimus  dorsi,  are 
called  into  play.  The  Scaleni  are  in  strong  action,  and  the  Stemocleidomastoidei  also  assist 
when  the  head  is  fixed  by  drawing  up  the  stemiun  and  by  fixing  the  clavicles.  The  first  rib  is 
therefore  no  longer  stationary,  but,  with  the  sternum,  is  raised;  with  it  all  the  other  ribs  except 
the  last  are  raised  to  a  higher  level.  In  conjimction  with  the  increased  descent  of  the  Diaphragma 
this  provides  for  a  considerable  augmentation  of  all  the  thoracic  diameters.    The  anterior  abdomi- 
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that  the  umbilicus  is  drawn  upward  and  backwtird,  but  this 
more  powerful  infiuence  on  the  lower  ribs ;  the  tr&nsverae  diam- 
Dmen  is  greatly  increased  and  the  Bubcoetal  angle  opeoed  out. 
e.  g.,  the  Serrati  poeteriores  superiores  and  the  Sacroapinales 
rought  into  action;  the  thoracic  curve  of  the  vertebral  column 
whole  column,  above  the  lower  lumbar  vertebrte,  drawn  back- 
oeterior  diameters  of  the  thorax  and  upper  part  of  the  abdomen 
Deep  e:(piration  is  effected  by  the  recoil  of  the  walls  and  by 
ral  muscles  of  the  abdominal  wall,  and  the  Serrati  poateriorea 
a. 

:  following  figures  as  representing  the  average  changes  which 
liratioD.  The  manubrium  etemi  moves  30  mm.  in  an  upward 
v,  the  width  of  the  subcostal  at^e,  at  a  level  of  30  mm.  below 
y  of  the  sternum  and  the  xiphoid  process,  is  increased  by  26 
id  drawn  upward  for  a  distance  of  13  mm. 

£S  AND  FASCIS  OF  THE   ABDOMEN. 

(len  may  be  divided  into  two  groups:   (1)  the  antero- 


jro-iateral  Muscles  of  the  Abdomen. 


Transversus. 
Rectus. 
Pyramidalis. 

lect  the  abdominal  muscles,  make  a  vertical  incision  from  the 
is  pubis;  a  second  incision  from  the  umbilicus  obliquely  upward 
of  the  thorax,  as  high  as  the  lower  border  of  the  fifth  or  sixth 
rib;  and  a  third,  commenciog  midway  between  theumbiUcua 
and  pubee,  transversely  outward  to  the  anterior  superior 
iliac  spine,  and  along  the  creet  of  the  ilium  as  far  as  its 
posterior  third.     Then  reflect  the  three  fl^M  included  be- 
\     tween  these  incisions  from  withm  outward,  in  the  lines  of 
direction  of  the  muscle  fibres.    If  necessary,  the  abdomi- 
nal muscles  may  be  made  tense  by  inflating  the  peritoneal 
cavity  through  the  umbiUcus. 

The  Sttperflcial  Ftscia. — The  superficial  fascia  of 
the  abdomen  consists,  over  the  greater  part  of  the 
abdominal  wall,  of  a  single  layer  containing  a 
variable  amount  of  fat;  but  near  the  groin  it  is 
easily  divisible  into  two  layers,  between  which  are 
found  the  superficial  vessels  and  ner^'es  and  the 
superficial  inguinal  lymph  glands. 

The  superficial  layer  (fascia  of  CampeT)  is  thick, 
areolar  in  texture,  and  contains  in  its  meshes  a 
varying  quantity  of  adipose  tissue.  Below,  it 
passes  over  the  inguinal  ligament,  and  is  continu- 
ous with  the  superficial  fascia  of  the  thigh.  In  the 
male,  Camper's  fascia  is  continued  over  the  penis 
and  outer  surface  of  the  spermatic  cord  to  the 
scrotum,  where  it  helps  to  form  the  dartos.  As  it 
passes  to  the  scrotum  it  changes  its  characteristics, 
adipose  tissue,  and  of  a  pale  reddish 'color,  and  in 
ne  involuntary  muscular  fibres.  From  the  scrotum 
into  continuity   with   the  superficial  fascia  of  the 
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perineum.  In  the  female,  Camper's  fascia  is  continued  from  the  abdomen  into 
the  labia  majora. 

The  deep  layer  (fascia  of  Scarpa)  is  thinner  and  more  membranous  in  character 
than  the  superficial,  and  contains  a  considerable  quantity  of  yellow  elastic  fibres. 
It  is  loosely  connected  by  areolar  tissue  to  the  aponeurosis  of  the  Obliquus  externus 
abdominis,  but  in  the  middle  line  it  is  more  intimately  adherent  to  the  linea  alba 
and  to  the  symphysis  pubis,  and  is  prolonged  on  to  the  dorsum  of  the  penis,  form- 
ing the  fundiform  ligament;  above,  it  is  continuous  with  the  superficial  fascia 
over  the  rest  of  the  trunk:  below  and  laterally,  it  blends  with  the  fascia  lata  of 
the  thigh  a  little  below  the  inguinal  ligament;  medially  and  below,  it  is  continued 
over  the  penis  and  spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos. 
From  the  scrotum  it  may  be  traced  backward  into  continuity  with  the  deep  layer 
of  the  superficial  fascia  of  the  perineum  (fascia  of  Colles),  In  the  female,  it  is  con- 
tinued into  the  labia  majora  and  thence  to  the  fascia  of  Colles. 

The  Obliquus  externus  abdominis  (External  or  descending  oblique  muscle)  (Fig. 
500),  situated  on  the  lateral  and  anterior  parts  of  the  abdomen,  is  the  largest  and 
the  most  superficial  of  the  three  flat  muscles  in  this  region.  It  is  broad,  thin,  and 
irregularly  quadrilateral,  its  muscular  portion  occupying  the  side,  its  aponeurosis 
the  anterior  wall  of  the  abdomen.  It  arises^  by  eight  fleshy  digitations,  from  the 
external  surfaces  and  inferior  borders  of  the  lower  eight  ribs;  these  digitations 
are  arranged  in  an  oblique  line  which  runs  downward  and  backward,  the  upper 
ones  being  attached  close  to  the  cartilages  of  the  corresponding  ribs,  the  lowest 
to  the  apex  of  the  cartilage  of  the  last  rib,  the  intermediate  ones  to  the  ribs  at 
some  distance  from  their  cartilages.  The  five  superior  serrations  increase  in  size 
from  above  downward,  and  are  received  between  corresponding  processes  of  the 
Serratus  anterior;  the  three  lower  ones  diminish  in  size  from  above  downward 
and  receive  between  them  corresponding  processes  from  the  Latissimus  dorsi. 
From  these  attachments  the  fleshy  fibres  proceed  in  various  directions.  Those 
from  the  lowest  ribs  pass  nearly  vertically  downward,  and  are  inserted  into  the 
anterior  half  of  the  outer  lip  of  the  iliac  crest;  the  middle  and  upper  fibres,  directed 
downward  and  forward,  end  in  an  aponeurosis,  opposite  a  line  drawn  from  the 
prominence  of  the  ninth  costal  cartilage  to  the  anterior  superior  iliac  spine.  . 

The  aponeurosis  of  the  Obliquus  externus  abdominis  is  a  thin  but  strong  mem- 
branous structure,  the  fibres  of  which  are  directed  downward  and  medialward. 
It  is  joined  with  that  of  the  opposite  muscle  along  the  middle  line,  and  covers 
the  whole  of  the  front  of  the  abdomen;  above ,  it  is  covered  by  and  gives  origin 
to  the  lower  fibres  of  the  Pectoralis  major;  below,  its  fibres  are  closely  aggregated 
together,  and  extend  obliquely  across  from  the  anterior  superior  iliac  spine  to 
the  pubic  tubercle  and  the  pectineal  line.  In  the  middle  line,  it  interlaces  with 
the  aponeurosis  of  the  opposite  muscle,  forming  the  linea  alba,  which  extends  from 
the  xiphoid  process  to  the  symphysis  pubis. 

That  portion  of  the  aponeurosis  which  extends  between  the  anterior  superior 
iliac  spine  and  the  pubic  tubercle  is  a  thick  band,  folded  inward,  and  continuous 
below  with  the  fascia  lata;  it  is  called  the  inguinal  ligament.  The  portion  which 
is  reflected  from  the  inguinal  ligament  at  the  pubic  tubercle  is  attached  to  the 
pectmeal  line  and  is  called  the  lacunar  ligament.  From  the  point  of  attachment 
of  the  latter  to  the  pectineal  line,  a  few  fibres  pass  upward  and  medialward,  behind 
the  medial  crus  of  the  subcutaneous  inguinal  ring,  to  the  linea  alba;  they  diverge 
as  they  ascend,  and  form  a  thin  triangular  fibrous  band  which  is  called  the  reflected 
inguinal  ligament. 

In  the  aponeurosis  of  the  Obliquus  externus,  immediately  above  the  crest  of 
the  pubis,  is  a  triangular  opening,  the  subcutaneous  inguinal  ring,  formed  by  a 
separation  of  the  fibres  of  the  aponeurosis  in  this  situation. 

The  following  structures  require  further  description,  viz.,  the  subcutaneous 
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iiiKiim»l  ring,  the  intetcrnral  fibres  and  f&8cl&,  and  the  inguinftl,  lacnnu,  and  reflected 
incninal  ligaments. 

The  Subcataneous  Incnmal  Ring  {annuhw  ingi^alia  subcutaneus;  external 
abdominal  ring)  (Fig.  501). — The  subcutaneous  inguinal  ring  is  an  interval  in  the 
aponeurosis  of  the  Obliquus  externus,  just  above  and  lateral  to  the  crest  of  the 
pubis.  The  aperture  is  oblique  in  direction,  somewhat  triangular  in  form,  and 
corresponds  with  the  course  of  the  fibres  of  the  aponeurosis.    It  usually  measures 


Fia.  fiOO,— Tbs  Obliquus  e.tenius  abdomiiiiB. 

from  base  to  apex  about  2.5  cm.,  and  transversely  about  1.25  cm.  It  is  bounded 
below  by  the  crest  of  the  pubis;  on  either  aide  by  the  margins  of  the  opening  in  the 
aponeurosis,  which  are  called  the  crur»  of  the  ring;  and  above,  by  a  series  of  curved 
intercniral  fibres.  The  inlerior  cms  (external  pillar)  is  the  stronger  and  is  formed  by 
that  portion  of  the  inguinal  ligament  which  is  inserted  into  the  pubic  tubercle; 
it  IS  curved  so  as  to  form  a  kind  of  groove,  upon  which,  in  the  male,  the  spermatic 
cord  rests.  The  superior  cms  {Internal  i>illar)  is  a  broad,  thin,  flat  band,  attached  to 
the  front  of  the  symphysis  pubis  and  interlacing  with  its  fellow  of  the  opposite  side. 


THE  ANTERO-LATERAL  MUSCLES  OF  THE  ABDOMEN  501 

.  "|e  subcutaneous  ingwinal  ring  gives  passage  to  the  spermatic  cord  and  ilio- 
^'^Euinal  nene  in  the  male,  and  to  the  round  ligament  of  the  uterus  and  the 
uioingiiinal  nerve  in  the  female;  it  is  much  larger  in  men  than  in  women,  on 
^Kount  of  the  large  size  of  the  spermatic  cord. 

The Intercmral  Fibres  [fihrae  iniercrurales;  intercolumnar  fibres) . — The  intercrural 
fibres  are  a  series  of  curved  tendinous  fibres,  which  arch  across  the  lower  part  of 
the  aponeurosis  of  the  Obliquus  externus,  describing  curves  with  the  coiWexitJes 
,  downward.  They  have  received  their  name  from  stretching  across  between  the 
two  crura  of  the  subcutaneous  inguinal  ring,  and  they  are  much  thicker  and  stronger 


at  ihe  inferior  cms,  where  they  are  connected  to  the  inguinal  ligament,  than  supe- 
riorly, where  they  are  inserted  into  the  linea  alba.  The  intercrural  fibres  increase 
tie  strength  of  the  lower  part  of  the  aponeurosis,  and  prevent  the  divergence  of 
lie  crura  from  one  another;  they  are  more  strongly  developed  in  the  male  than  in 
tfie  female. 

ks  they  pass  across  the  subcutaneous  inguinal  ring,  the,\-  are  connected  together 
by  delicate  fibrous  tissue,  forming  a  fascia,  called  the  intorcniral  fascia.  This  inter- 
crural fascia  is  continued  down  as  a  tubular  prolongation  around  the  spermatic 
cord  and  testis,  and  encloses  them  in  a  sheath ;  hence  it  is  also  called  the  external 
ipnmatic  fascia.  The  subcutaneous  inguinal  ring  is  seen  as  a  distinct  aperture 
only  after  the  intercrural  fascia  has  been  removed. 

The  Ingnlnsl  Ligament  {ligamenium  inguinale  [PoupaTti]  ;  Pouparfa  ligament) 
(Fig.  502), — The  inguinal  ligament  is  the  lower  border  of  the  aponeurosis  of  the 
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Obliquus  externus,  and  extends  from  the  antmor  superior  iliac  jpiitr  lo  tbr  pubic 
tuberde.  From  this  latter  point  it  is  reflected  backvafd  and  LHcnhrud  to  be 
attached  to  the  pectineal  line  for  about  1.25  cm.,  forming  the  Uctmar  ligUDent. 
Its  general  direction  is  convex  downward  toward  the  thigh,  where  it  b  contiDUOUs 
with  the  fascia  lata.  Its  lateral  half  is  rounded,  and  oblique  in  directirai;  its 
medial  half  gradually  widens  at  its  attachment  to  the  pubis,  is  more  horizontal 
in  direction,  and  lies  beneath  the  spermatic  cord. 

The  Lacmar  Tiffm^w*  (ligamentum  lacunare  [GimbematP. ;  Gimbemat't  ligawuni) 
(Fig.  502). — The  lacunar  ligament  is  that  part  of  the  aponeurosis  of  the  (XJiquus 
extemus  which  is  reflected  backward  and  lateralward,  and  is  attached  to  the  pecti- 
neal line.  It  is  about  1.25  cm.  long,  larger  in  the  male  than  in  the  female,  almost 
horizontal  in  direction  in  the  erect  posture,  and  of  a  triangular  form  with  the  base 


directed  lateralward.  Its  base  is  concave,  thin,  and  sharp,  and  forms  the  medial 
boundary  of  the  femoral  ring.  Its  apex  corresponds  to  the  pubic  tubercle.  Its 
posterior  margin  is  attached  to  the  pectineal  line,  and  is  continuous  with  the 
pectineal  fascia.  Its  anterior  margin  is  attached  to  the  inguinal  ligament.  Its 
surfaces  are  directed  upward  and  downward. 

The  Reflected  Inguinal  Ligament  Qigamentum  inguinale  reflexum  [CoUeii] ;  trian- 
gularjascia). — The  reflected  Inguinal  ligament  is  a  layer  of  tendinous  fibres  of  a 
triangular  shape,  formed  by  an  expansion  from  the  lacunar  ligament  and  the  inferior 
cms  of  the  subcutaneous  inguinal  ring.  It  passes  medialward  behind  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  band,  lying  behind  the  superior 
cru3  of  the  subcutaneous  inguinal  ring,  and  in  front  of  the  inguinal  aponeurotic 
falx,  and  interlaces  with  the  ligament  of  the  other  side  of  the  tinea  alba. 

UgaOMiit  of  Cooper. — This  is  a  strong  fibrous  band,  which  waa  first  described  by  Sir  Astley 

Coopnr.  It  extends  lateralward  from  the  base  of  the  lacunar  ligament  (Fig.  502)  along  the 
ppptiiipftl  line,  to  which  it  is  attached.  It  is  strengthened  by  the  pectineal  'aacia,  and  by  a 
lateral  expansion  from  the  lower  attachment  of  the  luiea  aJba  {adminiculvm  linfot  oUmm). 
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,  DllMction. — Detach  the  Obliquua  extemus  abdoimniB  by  dividiiiK  it  acrosa,  just  in  front  of 
ila  Utaftunect  to  the  ribs,  as  far  as  its  posterior  border,  and  separate  it  below  from  the  crest 
J*  tie  ilium  as  far  as  the  anterior  superior  spine;  then  separate  the  muscle  carefully  from  the 
Ubliquua  internus  abdominis,  which  lies  beneath,  and  turn  it  toward  the  apposite  side. 
^  The  Obliqnus  iiit«miis  &bdoiiiiiii8  {Internal  or  ascending  oblique  muscle)  (Fig. 
o03),  thinner  and  smaller  than  the  Obliquus  externus,  beneath  which  it  lies,  is  of 
&n  irregularly  quadrilateral  form,  and  situated  at  the  lateral  and  anterior  parts 
ol  the  abdomen.  It  arises,  by  fleshy  fibres,  from  the  lateral  half  of  the  grooved 
upper  surface  of  the  inguinal  ligament,  from  the  anterior  two-thirds  of  the  middle 
lip  of  the  iliac  crest,  and  from  the  posterior  lamella  of  the  lumbodorsal  fascia. 
fvas.  this  origin  the  fibres  diverge ;  those  from  the  inguinal  ligament,  few  in  number 
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and  paler  in  color  than  the  rest,  arch  downward  and  medialward  across  the  sper- 
nmtic  cord  in  the  male  and  the  round  ligament  of  the  uterus  in  the  female,  and, 
becoming  tendinous,  are  inserted,  conjointly  with  those  of  the  Tranaversus,  into 
the  crest  of  the  pubis  and  medial  part  of  the  pectineal  line  behind  the  lacunar 
ligament,  forming  what  is  known  as  the  inguinal  aponeniotic  talz.  Those  from  the 
anterior  third  of  the  iliac  origin  are  horizontal  in  their  direction,  and,  becoming 
tendinous  along  the  lower  fourth  of  the  linea  semilunaris,  pass  in  front  of  the  Rectus 
abdominis  to  be  inserted  into  the  linea  alba.  Those  arising  from  the  middle  third 
of  the  iliac  origin  run  obliquely  upward  and  medialward,  and  end  in  an  aponeurosis; 
-  this  divides  at  the  lateral  border  of  the  Rectus  into  two  lamellte,  which  are  con- 
tinued forward,  one  in  front  of  and  the  other  behind  this  muscle,  to  the  linea  alba: 
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the  posterior  lamella  has  an  attachment  to  the  cartilages  of  the  seventh,  eighth, 
and  ninth  ribs.  The  most  posterior  fibres  pass  almost  vertically  upward,  to  be 
inserted  into  the  inferior  borders  of  the  cartilages  of  the  three  lower  ribs,  being 
continuous  with  the  Intercostales  interni. 

The  Cremsster  (Fig.  504)  is  a  thin  muscular  layer,  composed  of  a  number  of 
fasciculi  which  arise  from  the  middle  of  the  inguinal  ligament  where  its  fibres 
are  continuous  with  those  of  the 
Obliquus  internus  and  also  occasion- 
ally with  the  Transversus.  It  passes 
along  the  lateral  side  of  the  spermatic 
cord,  descends  with  it  through  the  sub- 
cutaneous inguinal  ring  upon  the  front 
and  sides  of  the  cord,  and  forms  a  series 
of  loops  which  difler  in  thickness  and 
length  in  different  subjects.  At  the 
upper  part  of  the  cord  the  loops  are 
short,  but  they  become  in  succession 
longer  and  longer,  the  longest  reaching 
down  as  low  as  the  testis,  where  a  few 
are  inserted  into  the  tunica  vaginalis. 
These  loops  are  united  together  by 
areolar  tissue,  and  form  a  thin  cover- 
ing over  the  cord  and  testis,  the  cremas- 
teric fascia.  The  fibres  ascend  along 
the  medial  side  of  the  cord,  and  are 
inserted  by  a  small  pointed  tendon 
into  the  tubercle  and  crest  of  the 
pubis  and  into  the  front  of  the  sheath 
of  the  Rectus  abdominis. 

DiliMtion. — Detach  the  Obliquus  iotemus 
abdoroiniB  in  order  to  expose  the  TransverBus 
abdominis  beneath.  This  may  be  effected  by 
dividing  the  muscle,  abme,  at  its  attachment 

Fio.  504.-The  CremMter.  ^^  ^^^  ^^,^  ^^^^   ^^  jj^  connection  with  the 

inguinal  ligament  and  the  crest  of  the  ilium; 
and  behind,  by  a  vertical  incision  extending  from  the  laat  rib  to  the  crest  of  the  ilium.  The 
muscle  should  previously  be  made  tense  by  drawing  upon  it  with  the  fingera  of  the  left  hand, 
and  it  its  division  be  cfirefuUy  effected,  the  cellular  interval  between  it  and  the  TranavetaUB 
abdominis,  as  well  as  the  direction  of  the  fibres  of  the  latter  muscle,  will  afford  a  clear  guide 
to  their  separation;  along  the  crest  of  the  ilium  the  circumflex  iliac  vessels  are  interposed  be- 
tween them,  and  form  an  important  guide  in  aeparatiuK  them.  The  muscle  should  then  be 
thrown  inward  toward  the  linea  alba. 

The  Transversus  abdoininis  {Transtersalu  mvacle)  (Fig.  505),  so  called  from 
the  direction  of  its  fibres,  is  the  most  internal  of  the  flat  muscles  of  the  abdomen, 
being  placed  immediately  beneath  the  Obliquus  internus.  It  arises,  by  flesh;- 
fibres,  from  the  lateral  third  of  the  inguinal  ligament,  from  the  anterior  three-fourths 
of  the  inner  lip  of  the  iliac  crest,  from  the  inner  surfaces  of  the  cartilages  of  the 
lower  six  ribs,  interdigltating  with  the  Diaphragma,  and  from  the  lumbodorsal 
fascia.  The  muscle  ends  in  front  in  a-ftroad  aponeurosis,  the  lower  fibres  of  which 
curve  downward  and  medialward,  and  are  inserted,  together  with  those  of  the 
Obliquus.  internus,  into  the  crest  of  the  pubis  and  pectineal  line,  forming  the  ingui- 
nal aponeurotic  falx.  Throughout  the  rest  of  its  extent  the  aponeurosis  passes 
horizontally  to  the  middle  line,  and  is  inserted  into  the  linea  alba;  its  upper  three 
fourths  lie  behind  the  Rectus  and  blend  with  the  posterior  lamella  of  the  aponeur- 
osis of  the  Obliquus  internus;  its  lower  fourth  is  in  front  of  the  Rectus. 
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The  injpiinai  aponeuiotie  talx  (falx  aponevrotiea  inguinalis;  conjoined  tendon  of 
Internal  oblique  and  Transveraalia  muscle)  of  the  Obliquus  iiiternus  and  Transr 
versus  is  mainly  formed  by  the  lower  part  of  the  tendon  of  the  Transversus,  and 
is  inserted  into  the  crest  of  the  pubis  and  pectineal  line  immediately  behind 
the  subcutaneous  inguinal  ring,  serving  to  protect  what  would  otherwise  be  a 
Beak  point  in  the  abdominal  wall.    Lateral  to  the  falx  is  a  ligamentous  band  con- 
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nwted  with  the  lower  margin  of  the  Transve(sus  and  extending  down  behind  the 
inferior  epigastric  artery  to  the  superior  ramus  of  the  pubis;  it  is  termed  the  inter- 
'nwoUr  li(un«iit  of  Hesselbacb  (Fig.  506)  and  sometimes  contains  a  few  muscular 


—To  expose  the  Rectus  abdominis  muscle,  open  its  sheatK  by  a  vertical  incision 
Ertending  from  the  costal  arch  to  the  pubis,  and  then  reflect  the  two  portions  from  the  sur- 
face of  the  muscle,  which  is  easily  done,  exceptinn  at  the  lineae  transversae,  where  so  close  an 
■dhaioii  exists  that  the  peatest  care  is  requisite  in  separating  them.    Now  raise  the  outer  etlRC 


of  the  muscle,  in  order  to  examine  the  posterior  layer  of  the  sheath.  By  dividing  the  muscle 
in  the  centre,  and  turning  its  lower  part  downward,  the  point  where  the  posterior  wall  of  the 
sheath  teiminatee  in  a  thin  curved  margin  will  be  seen. 

The  Rectos  abdommis  (Fig.  505)  is  a  long  flat  muscle,  which  extends  along 
the  whole  length  of  the  front  of  the  abdomen,  and  is  separated  from  its  fellow 
of  the  opposite  side  by  the  linea  alba.  It  is  much  broader,  but  thiimer,  above  than 
below,  and  arises  by  two  tendons.;  the  lateral  or  larger  is  attached  to  the  crest 
of  the  pubis,  the  medial  interlaces  with  its  fellow  of  the  opposite  side,  and  b  con- 
nected with  the  ligaments  covering  the  front  of  the  symphysis  pubis.  The  muscle 
is  inserted  by  three  portions  of  unequal  size  into  the  cartilages  of  the  fifth,  sixth, 
and  seventh  ribs.  The  upper  portion,  attached  principally  to  the  cartilage  of  the 
fifth  rib,  usually  has  some  fibres  of  insertion  into  the  anterior  extremity  of  the  rib 
itself.  Some  fibres  are  occasionally  connected  with  the  costoxiphoid  ligaments, 
and  the  side  of  the  xiphoid  process. 


Iniptinal  aponevrolic  fatx        InUrfovtalar  ligament 
Fia.  608.— Tbo  inierfoveoliir  ligamant,  seen  from  in  (rant     (Modified  frooi  Braune. 

The  Rectus  is  crossed  by  fibrous  bands,  three  in  number,  which  are  named  the 
tendinooa  InscriptionB;  one  is  usually  situated  opposite  the  umbilicus,  one  at  the 
extremity  of  the  xiphoid  process,  and  the  third  about  midway  between  the  xiphoid 
process  and  the  umbilicus.  These  inscriptions  pass  transversely  or  obliquely 
across  the  muscle  in  a  zigzag  course;  they  rarely  extend  completely  through  its 
substance  and  may  pass  only  halfway  across  it;  they  are  intimately  adherent  in 
front  to  the  sheath  of  the  muscle.  Sometimes  one  or  two  additional  inscriptions, 
generally  incomplete,  are  present  below  the  umbilicus. 

The  Rectus  is  enclosed  in  a  sheath  (Fig.  607)  formed  by  the  aponeuroses  of  the 
Obliqui  and  Transversus,  which  are  arranged  in  the  following  manner.  At  the  lateral 
margin  of  the  Rectus,  the  aponeurosis  of  the  Obliquus  intemus  divides  into  two 
lamellfe,  one  of  which  passes  in  front  of  the  Rectus,  blending  with  the  aponeurosis 
of  the  Obliquus  externus,  the  other,  behind  it,  blending  with  the  aponeurosis  of 
the  Transversus,  and  these,  joining  again  at  the  medial  border  of  the  Rectus, 
are  inserted  into  the  linea  alba.  This  arrangement  of  the  aponeurosis  exists  from 
the  costal  margin  to  midway  between  the  umbilicus  and  symphysis  pubis,  where 
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the  posterior  wall  of  the  sheath  ends  in  a  thin  curved  margin,  the  linea  semicircu- 
krisithe  concavity  of  which  is  dh-ected  downward :  below  this  level  the  aponeuroses 
of  all  three  muscles  pass  in  front  of  the  Rectus.  The  Rectus,  in  the  situation  where 
its  sheath  is  deficient  below,  is  separated  from  the  peritoneum  by  the  transversaiis 
fascia  (Fig.  508).  Since  the  tendons  of  the  Obliquus  internus  and  Transversus 
only  reach  as  high  as  the  costal  margin,  it  follows  that  above  this  level  the  sheath 
of  the  Rectus  is  deficient  behind,  the  muscle  resting  directly  on  the  cartilages  of 
the  ribs,  and  being  covered  merely  by  the  tendon  of  the  Obliquus  externus. 


Linea  alba 


Obliquut  internus. 
Transverttu 
Fio.  507. — Diagram  of  sheath  of  Rectus. 


The  Pyramidalis  (Fig.  505)  is  a  small  triangular  muscle,  placed  at  the  lower 
part  of  the  abdomen,  in  front  of  the  Rectus,  and  contained  in  the  sheath  of  that 
muscle.  It  arises  by  tendinous  fibres  from  the  front  of  the  pubis  and  the  anterior 
pubic  ligament;  the  fleshy  portion  of  the  muscle  passes  upward,  diminishing 
m  size  as  it  ascends,  and  ends  by  a  pointed  extremity  which  is  inserted  into  the 
linea  alba,  midway  between  the  umbilicus  and  pubis.  This  muscle  may  be  wanting 
on  one  or  both  sides;  the  lower  end  of  the  Rectus  then  becomes  proportionately 
mcreased  in  size.  Occasionally  it  is  double  on  one  side,  and  the  muscles  of  the  two 
sides  are  sometimes  of  unequal  size.   It  may  extend  higher  than  the  level  stated. 


Ohliqutie  extemns . 

Obliquug  intemue 

Transvernu. 
Pra.  508_>i>iagrain  of  a  transverse  section  through  the  anterior  abdominal  wall,  below  the  linea  semicircularis. 


es  the  Rectus  and  Pyramidalis,  the  sheath  of  the  Rectus  contains  the  superior  and  inferior 
^Wbic  arteries,  and  the  lower  intercostal  nerves.    ' 

^^eB. — ^The  abdominal  muscles  are  supplied  by  the  lower  intercostal  nerves.  The  Obliquus 
^^^KiB  and  Transversus  also  receive  filaments  from  the  anterior  branch  of  the  iliohypogastric 
*^^4metimes  from  the  ilioinguinal.  The  Cremaster  is  supplied  by  the  external  spermatic  branch 
°*  •'?  genitofemoral  and  the  Pjrramidalis  usually  by  the  twelfth  thoracic. 

*e  Linea  Alba.— The  linea  alba  is  a  tendinous  r-aph6  in  the  middle  line  of  the  abdomen, 
^ching  between  the  xiphoid  process  and  the  symphysis  pubis.    It  is  placed  between  the  medial 
"**ers  of  the  Recti,  and  is  formed  by  the  blending  of  the  aponeuroses  of  the  Obliqui  and  Trans- 
it.   It  is  narrow  below,  corresponding  to  the  linear  interval  existing  between  the  Recti;  but 
^Aer  above,  where  these  muscles  diverge  from  one  another.    At  its  lower  end  the  linea  alba 
'^a  double  attachment— its  superficial  fibres  passing  in  front  of  the  medial  heads  of  the  Recti 
*Ke  symphysis  pubis,  while  its  deeper  fibres  form  a  triangular  lamella,  attached  behind  the 
i  to  the  posterior  lip  of  the  crest  of  the  pubis,  and  named  the  adminiculum  Imeae  albae. 
resents  apertures  for  the  passage  of  vessels  and  nerves;  the  umbilicus,  which  in  the  fetus 
,8  as  an  aperture  and  transmits  the  umbilical  vessels,  is  closed  in  the  adult. 
e  Lineae  SemilmiareB.- The  lineae  semilunares  are  two  curved  tendinous  lines  placed  one 
iher  side  of  the  linea  alba.    Each  corresponds  with  the  lateral  border  of  the  Rectus,  extends 
jthe  cartilage  of  the  ninth  rib  to  the  pubic  tubercle,  and  is  formed  by  the  aponeurosis  of  the 
lu^  internus  at  its  line  of  division  to  enclose  the  Rectus,  reinforced  in  front  by  that  of  the 
us  externus,  and  behind  by  that  of  the  Transversus. 


It 
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Actions. — When  the  pelvis  and  thorax  are  fixed,  the  abdominal  muscles  compress  the  abdominal 
viscera  by  constricting  the  cavity  of  the  abdomen,  in  which  action  they  are  materially  assisted 
by  the  descent  of  the  Diaphragma.  By  these  means  assistance  is  given  in  expelling  the  feces 
from  the  rectum,  the  urine  from  the  bladder,  the  fetus  from  the  uterus,  and  the  contents  of  the 
stomach  in  vomiting. 

If  the  pelvis  and  vertebral  column  be  fixed,  these  muscles  compress  the  lower  part  of  the  thorax, 
materially  assisting  expiration.  If  the  pelvis  alone  be  fixed,  the  thorax  is  bent  directly  forward, 
when  the  muscles  of  both  sides  act;  when  the  muscles  of  only  one  side  contract,  the  trunk  is  bent 
toward  that  side  and  rotated  toward  the  opposite  side. 

If  the  thorax  be  fixed,  the  muscles,  acting  together,  draw  the  pelvis  upward,  as  in  climbing; 
or,  acting  singly,  they  draw  the  pelvis  upward,  and  bend  the  vertebral  colunm  to  one  side  or  the 
other.  The  Recti,  acting  from  below,  depress  the  thorax,  and  consequently  flex  the  vertebral 
column ;  when  acting  from  above,  they  flex  the  pelvis  upon  the  vertebral  column.  The  Pyramidales 
are  tensors  of  the  linea  alba. 

The  Transversalis  Fascia. — ^The  transversalis  fascia  is  a  thin  aponeurotic  membrane 
which  lies  between  the  inner  surface  of  the  Transversus  and  the  extraperitoneal 
fat.  It  forms  part  of  the  general  layer  of  fascia  lining  the  abdominal  parietes,  and 
is  directly  continuous  with  the  iliac  and  pelvic  fasciae.  In  the  inguinal  region, 
the  transversalis  fascia  is  thick  and  dense  in  structure  and  is  joined  by  fibres  from 
the  aponeurosis  of  the  Transversus,  but  if  becomes  thin  as  it  ascends  to  the  Dia- 
phragma^  and  blends  with  the  fascia  covering  the  under  surface  of  this  muscle. 
Behind,  it  is  lost  in  the  fat  which  covers  the  posterior  surfaces  of  the  kidneys. 
Below f  it  has  the  following  attachments:  posteriorly,  to  the  whole  length  of  the  iliac 
crest,  between  the  attachments  of  the  Transversus  and  Iliacus;  between  the  ante- 
rior superior  iliac  spine  and  the  femoral  vessels  it  is  connected  to  the  posterior 
margin  of  the  inguinal  ligament,  and  is  there  continuous^ith  the  iliac  fascia. 
Medial  to  the  femoral  vessels  it  is  thin  and  attached  to  the  pubis  and  pectineal 
line,  behind  the  inguinal  aponeurotic  falx,  with  which  it  is  unitM;  it  descends  in 
front  of  the  femoral  vessels  to  form  the  anterior  wall  of  the  femoral  s\eath.  Beneath 
the  inguinal  ligament  it  is  strengthened  by  a  band  of  fibrous  tissue*^,  which  is  only 
loosely  connected  to  the  ligament,  and  is  specialized  as  the  deep  crx^fl  arch.  The 
spermatic  cord  in  the  male  and  the  round  ligament  of  the  uterus  it  the  female 
pass  through  the  transversalis  fascia  at  a  spot  called  the  abdominal  iiliuiiLal  rinfl:. 
This  opening  is  not  visible  externally,  since  the  transversalis  fascia  is  prclonged  on 
these  structures  as  the  infundibuliform  fascia.  . 

The  Abdominal  Xnguinal  Ring  {annulus  inguinalis  abdominis;  interna,  ^  deep 
abdominal  ring). — ^The  abdominal  inguinal  ring  is  situated  in  the  tranV^^^^'is 
fascia,  midway  between  the  anterior  superior  iliac  spine  and  the  sjinphysi?  pubis, 
and  about  1.25  cm.  above  the  inguinal  ligament  (Fig.  509).  It  is  of  an  ovA  form, 
the  long  axis  of  the  oval  being  vertical ;  it  varies  in  size  in  different  subject*  and 
is  much  larger  in  the  male  than  in  the  female.  It  is  bounded,  above  and  laV^^^Vy 
by  the  arched  lower  margin  of  the  Transversus;  below  and  medially,  by  the  iifcrior 
epigastric  vessels.  It  transmits  the  spermatic  cord  in  the  male  and  the  f^^^ 
ligament  of  the  uterus  in  the  female.  From  its  circumference  a  thin  funnel-shlP^ 
membrane,  the  infmidibuliform  fascia,  is  continued  around  the  cord  and  t^^^' 
enclosing  them  in  a  distinct  covering.  ■ 

The  Inguinal  Canal  {canxdis  inguinalis;  spermatic  canal), — ^The  inguinal  cP^' 
contains  the  spermatic  cord  and  the  ilioinguinal  nerve  in  the  male,  and  the  ro*^^^ 
ligament  of  the  uterus  and  the  ilioinguinal  nerve  in  the  female.  It  is  an  oblil"^ 
canal  about  4  cm.  long,  slanting  downward  and  medialward,  and  placed  parf'*'' 
with  and  a  little  above  the  inguinal  ligament;  it  extends  from  the  abdonik^*' 
inguinal  ring  to  the  subcutaneous  inguinal  ring.  It  is  bounded,  in  front,  h\*^^ 
integument  and  superficial  fascia,  by  the  aponeurosis  of  the  Obliquus  exte^"^ 
throughout  its  whole  length,  and  by  the  Obliquus  internus  in  its  lateral  ^r^' 
behind,  by  the  reflected  inguinal  ligament,  the  inguinal  aponeurotic  falx,  the  tpi^s- 
versalis  fascia,  the  extraperitoneal  connective  tissue  and  the  peritoneum-  lior^' 
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>■  the  arched  fibres  of  Obliquus  internus  and  Transversus  abdominis;  below,  by 
"IS  Union  of  the  transversalis  fascia  with  the  inguinal  ligament,  and  at  its  medial 
enQbythe  lacunar  ligament. 

^'peritoneal  Ckumective  Tissue.— Between  the  inner  surface  of  the  general 
^J^f  of  the  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic  cavities, 
SM  the  peritoneum,  there  is  a  considerable  amount  of  connective  tissue,  termed 
^"^*%ip«ritoneal  or  sabperitoneal  comiectiTe  tissns. 

\"^  Parietal  portion  lines  the  cavity  in  varying  quantities  in  different  situations. 
It  IS  especially  abundant  on  the  posterior  wall  of  the  abdomen,  and  particularly 
around  the  kidneys,  where  it  contains  much  fat.  On  the  anterior  wall  of  the  abdo- 
men, except  in  the  pubic  region,  and  on  the  lateral  wall  above  the  iliac  crest, 
it  IS  scanty,  and  here  the  transversalis  fascia  is  more  closely  connected  with  the 
pentoneum.  There  is  a  considerable  amount  of  extraperitoneal  connective  tissue 
ID  the  pelvis. 


Abdontinai  inguini 
Ting 

laf.  tpigaatricarU\ 


The  visceral  pwtion  follows  the  course  of  the  branches  of  the  abdominal  aorta 
between  the  layers  of  the  mesenteries  and  other  folds  of  peritoneum  which  connect 
the  various  viscera  to  the  abdominal  wall.  The  two  portions  are  directly  con- 
tinuous with  each  other. 

The  X>eep  Crural  Arch. — Curving  over  the  external  iliac  vessels,  at  the  spot  where 

they  become  femoral,  on  the  abdominal  side  of  the  inguinal  ligaments  and  loosely 

«:x)nnected  with  it,  is  a  thickened  band  of  fibres  called  the  deep  crural  arch.    It 

%s  apparently  a  thickening  of  the  transversalis  fascia  joined  laterally  to  the  centre 

of  the  lower  margin  of  the  inguinal  ligament,  and  arching  across  the  front  of 

the  femoral  sheath  to  be  inserted  by  a  broad  attachment  into  the  pubic  tubercle 

and  pectineal  line,  behind  the  inguinal  aponeurotic  falx.     In  some  subjects  this 

structure  is  not  very  prominently  marked,  and  not  infrequently  it  is  altogether 

wanting. 


510  MYOLOGY 

2.  The  Posterior  Muscles  of  the  Abdomen. 

Psoas  major.  Iliacus. 

Psoas  minor.  Quadratus  lumborum. 

The  Psoas  major,  the  Psoas  minor,  and  the  Iliacus,  with  the  fasciae  covering 
them,  will  be  described  with  the  muscles  of  the  lower  extremity  (see  page  559). 

The  Fascia  Covermg  the  Quadratus  Lumborum. — ^This  is  a  thin  layer  attached, 
medially ,  to  the  bases  of  the  transverse  processes  of  the  lumbar  vertebrae;  hehwy 
to  the  iliolumbar  ligament;  above,  to  the  apex  and  lower  border  of  the  last  rib. 
The  upper  margin  of  this  fascia,  which  extends  from  the  transverse  process  of  the 
first  lumbar  vertebra  to  the  apex  and  lower  border  of  the  last  rib,  constitutes  the 
lateral  lumbocostal  arch  (page  495).  Laterally,  it  blends  with  the  lumbodorsal 
fascia,  the  anterior  layer  of  which  intervenes  between  the  Quadratus  lumborum 
and  the  Sacrospinalis. 

The  Quadratus  lumborum  (Fig.  495,  page  487)  is  irregularly  quadrilateral  in 
shape,  and  broader  below  than  above.  It  arises  by  aponeurotic  fibres  from  the 
iliolumbar  ligament  and  the  adjacent  portion  of  the  iliac  crest  for  about  5  cm., 
and  is  inserted  into  the  lower  border  of  the  last  rib  for  about  half  its  length,  and 
by  four  small  tendons  into  the  apices  of  the  transverse  processes  of  the  upper  four 
lumbar  vertebrae.  Occasionally  a  second  portion  of  this  muscle  is  found  in  front 
of  the  preceding.  It  arises  from  the  upper  borders  of  the  transverse  processes  of 
the  lower  three  or  four  lumbar  vertebrae,  and  is  inserted  into  the  lower  margin  of 
the  last  rib.  In  front  of  the  Qaudratus  lumborum  are  the  colon,  the  kidney,  the 
Psoas  major  and  minor,  and  the  Diaphragma;  between  the  fascia  and  the  muscle 
are  the  twelfth  thoracic,  ilioinguinal,  and  iliohypogastric  nerves. 

Nerye  Supply. — The  twelfth  thoracic  and  first  and  second  lumbar  nerves  supply  this  muscle. 

Actions. — ^The  Quadratus  lumborum  draws  down  the  last  rib»  and  acts  as  a  muscle  of  inspira- 
tion by  helping  to  fix  the  origin  of  the  Diaphragma.  If  the  thorax  and  vertebral  column  are 
fixed,  it  may  act  upon  the  pelvis,  raising  it  toward  its  own  side  when  only  one  muscle  is  put  in 
action ;  and  when  both  muscles  act  together,  either  from  below  or  above,  they  flex  the  trunk. 

V.     THE  MUSCLES  AND  FASGLB  OF  THE  PELVIS. 

Obturator  internus.  Levator  ani. 

Piriformis.  Coecygeus. 

The  muscles  within  the  pelvis  may  be  divided  into  two  groups :  (1)  the  Obturator 
internus  and  the  Piriformis,  which  are  muscles  of  the  lower  extremity,  and  will  be 
described  with  these  (pages  571  and  572);  (2)  the  Levator  ani  and  the  Coecygeus, 
which  together  form  the  pelvic  diaphragm  and  are  associated  with  the  pelvic  viscera. 
The  classification  of  the  two  groups  under  a  common  heading  is  convenient  in 
connection  with  the  fasciae  investing  the  muscles.  These  fasciae  are  closely  related 
to  one  another  and  to  the  deep  fascia  of  the  perineum,  and  in  addition  have  si>ecial 
connections  with  the  fibrous  coverings  of  the  pelvic  viscera;  it  is  customary  there- 
fore to  describe  them  together  under  the  term  pelvic  fascia. 

Pelvic  Fascia. — ^The  fascia  of  the  pelvis  may  be  resolved  into:  (a)  the  facial 
sheaths  of  the  Obturator  internus.  Piriformis,  and  pelvic  diaphragm;  (6)  the 
fascia  associated  with  the  pelvic  viscera. 

The  fascia  of  the  Obturator  intemus^overs  the  pelvic  surface  of,  and  is  attached 
around  the  margin  of  the  origin  of,  the  muscle.  Above,  it  is  loosely  connected  to 
the  back  part  of  the  arcuate  line,  and  here  it  is  continuous  with  the  iliac  fascia. 
In  front  of  this,  as  it  follows  the  line  of  origin  of  the  Obturator  internus,  it  gradually 
separates  from  the  iliac  fascia  and  the  continuity  between  the  two  is  retained  only 
through  the  periosteum.  It  arches  beneath  the  obturator  vessels  and  nerve,  com- 
pleting the  obturator  canal,  and  at  the  front  of  the  pelvis  is  attached  to  the  back 
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of  the  superior  ramus  of  the  pubis.  Below,  the  obturator  fascia  is  attached  to  the 
falciform  process  of  the  sacrotuberous  ligament  and  to  the  pubic  arch,  where  it 
becomes  continuous  with  the  superior  fascia  of  the  urogenital  diaphragm.  Behind, 
it  is  prolonged  into  the  gluteal  region. 

The  internal  pudendal  vessels  and  pudendal  nerve  cross  the  pelvic  surface  of 
the  Obturator  internus  and  are  enclosed  in  a  special  canal — Alcock'8  canal — 
formed  by  the  obturator  fascia. 

The  fascia  ol  the  Firiloimis  is  very  thin  and  is  attached  to  the  front  of  the  sacrum 
and  the  sides  of  the  greater  seiatic  foramen;  it  is  prolonged  on  the  muscle  into 
the  gluteal  region.  At  its  sacral  attachment  around  the  margins  of  the  anterior 
sacral  foramina  it  comes  into  intimate  association  with  and  ensheathes  the 
nerves  emerging  from  these  foramina.  Hence  the  sacral  nerves  are  frequently 
described  as  lying  behind  the  fascia.  The  internal  iliac  vessels  and  their  branches, 
on  the  other  hand,  lie  in  the  subperitoneal  tissue  in  front  of  the  fascia,  and  the 
branches  to  the  gluteal  region  emerge  in  special  sheaths  of  this  tissue,  above  and 
below  the  Piriformis  muscle. 


Tndi 


fis.  SIO— CoioniJ  •eetioD  of  polvb.  Bhowing  iHTiingeinenI  ot  fsMiH.     Viewed  (rom  behiod.    (.t)iae™minMio.) 

The  diaphragmatic  part  ot  the  pelvic  fascia  (Fig.  510)  covers  both  surfaces  of  the 
wvstores  ani.  The  inferior  layer  is  known  as  the  anal  fascia;  it  is  attached  above 
to  the  obturator  fascia  along  the  line  of  origin  of  the  Levator  ani,  while  below  it 
lacoQtinuous  with  the  superior  fascia  of  the  urogenital  diaphragm,  and  with  the 
fascia  OQ  the  Sphincter  ani  internus.  The  layer  covering  the  upper  surface  of  the 
pelvic  diaphragm  follows,  above,  the  line  of  origin  of  the  Levator  ani  and  is  there- 
fore somewhat  variable.  In  front  it  is  attached  to  the  back  of  the  symphysis 
pubis  about  2  cm.  above  its  lower  border.  It  can  then  be  traced  laterally  across 
the  back  of  the  superior  ramus  of  the  pubis  for  a  distance  of  about  1.25  cm,,  when 
It  reaches  the  obturator  fascia.  It  is  attached  to  this  fascia  along  a  line  which 
pursues  a  somewhat  irregular  course  to  the  spine  of  the  ischium.  The  irregularity 
of  this  line  is  due  to  the  fact  that  the  origin  of  the  Levator  ani,  which  in  lower 
forms  is  from  the  pelvic  brim,  is  in  man  lower  down,  on  the  obturator  fascia. 
Tendinous  fibres  of  origin  of  the  muscle  are  therefore  often  found  extending  up 
toward,  and  in  some  cases  reaching,  the  pelvic  brim,  and  on  these  the  fascia  is 
carried. 
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It  will  be  evident  that  the  fascia  covering  that  part  of  the  Obturator  intemus 
which  lies  above  the  origin  of  the  Levator  ani  is  a  composite  fascia  and  includes 
the  following:  (a)  the  obturator  fascia;  (b)  the  fascia  of  the  Levator  ani;  (c) 
degenerated  fibres  of  origin  of  the  Levator  ani. 

The  lower  margin  of  the  fascia  .covering  the  upper  surface  of  the  pelvic  diaphragm 
is  attached  along  the  line  of  insertion  of  the  Levator  ani. 

At  the  level  of  a  line  extending  from  the  lower  part  of  the  symphysis  pubis 
to  the  spine  of  the  ischium  is  a  thickened  whitish  band  in  this  upper  layer  of  the 
diaphragmatic  part  of  the  pelvic  fascia.  It  is  termed  the  tendinous  arch  or  white 
line  of  the  pelvic  fascia,  and  marks  the  line  of  attachment  of  the  special  fascia 
(pars  endopelvina  fasciae  pelvis)  which  is  associated  with  the  pelvic  viscera. 


PeriUmeum 


Veteical  layer 


Fasciaof  {^J^ 

^f^V^ll\  Inferior 
ler 


nrogenuai  -   j^^ 
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Fig.  511. — Median  sagittal  section  of  pelvis,  showing  arrangement  of  fascia. 


The  endopelvic  part  of  the  pelvic  fascia  is  continued  over  the  various  pelvic 
viscera  (Fig.  511)  to  form  for  them  fibrous  coverings  which  will  be  described  later 
(see  section  on  Splanchnology- )•  It  is  attached  to  the  diaphragmatic  part  of  the 
pelvic  fascia  along  the  tendinous  arch,  and  has  been  subdivided  in  accordance 
with  the  viscera  to  which  it  is  related.  Thus  its  anterior  part,  known  as  the  yeeical 
layer,  forms  the  anterior  and  lateral  ligaments  of  the  bladder.  Its  middle  part 
crosses  the  floor  of  the  pelvis  between  the  rectum  and  vesiculae  seminales  as  the 
rectovesical  layer;  in  the  female  this  is  perforated  by  the  vagina.    Its , posterior 
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portion  passes  to  the  side  of  the  rectum;  it  forms  a  loose  sheath  for  the  rectum, 
but  ia  firmly'attached  around  the  anal  canal;  this  portion  is  known  as  the  rectal 
Utbt. 

The  Lentor  uti  (Fig.  512)  ia  a  broad,  thin  muscle,  situated  on  the  side  of  the 
pelvis.  It  is  attached  to  the  inner  surface  of  the  side  of  the  lesser  pelvis,  and  unites 
with  its  fellow  of  the  opposite  side  to  form  the  greater  part  of  the  floor  of  the  pelvic 
cavity.  It  supports  the  viscera  in  this  cavity,  and  surrounds  the  various  structures 
which  pass  through  it.  It  arises,  in  front,  from  the  posterior  surface  of  the  superior 
nimus  of  the  pubis  lateral  to  the  symphysis;  behind,  from  the  inner  surface  of  the 
spine  of  the  ischium;  and  between  these  two  points,  from  the  obturator  fascia. 


Anocoecjn/ail  raphe 

Flo.  SlZ.—Left  Leritor  ui  from  wiChiD. 

rosterioriy,  this  fascial  origin  corresponds,  more  or  less  closely,  with  the  tendinous 
Wen  of  the  pelvic  fascia,  but  in  front,  the  muscle  arises  from  the  fascia  at  a  vary- 
ing distance  above  the  arch,  in  some  cases  reaching  nearly  as  high  as  the  canal 
for.the  obturator  vessels  and  nerve.  The  fibres  pass  downward  and  backward 
to  the  middle  line  of  the  floor  of  the  pelvis;  the  most  posterior  are  inserted  into  the 
^ueof  the  last  two  segments  of  the  cocc\-x;  those  placed  more  anteriorly  unite 
with  the  muscle  of  the  opposite  side,  in  a  median  fibrous  raphe  (anococcfceal 
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raph^),  which  extends  between  the  coccyx  and  the  margin  of  the  anus.  The  middle 
fibres  are  inserted  into  the  side  of  the  rectum,  blending  with  the  fibres  of  the 
Sphincter  muscles;  lastly,  the  anterior  fibres  descend  upon  the  side  of  the  prostate 
to  unite  beneath  it  with  the  muscle  of  the  opposite  side,  joining  with  the  fibres  of 
the  Sphincter  ani  externus  and  Transversus  perinaei,  at  the  central  tendinous  point 
of  the  perineum. 

The  anterior  portion  is  occasionally  separated  from  the  rest  of  the  muscle  by 
connective  tissue.  From  this  circumstance,  as  well  as  from  its  peculiar  relation 
with  the  prostate,  which  it  supports  as  in  a  sling,  it  has  been  described  as  a  distinct 
muscle,  under  the  name  of  Levator  prostatae.  In  the  female  the  anterior  fibres  of 
the  Levator  ani  descend  upon  the  side  of  the  vagina. 

Relations. — By  its  upper  or  pehnc  aurfacef  with  the  diaphragmatic  part  of  the  pelvic  fiuBcia 
which  separates  it  from  the  bladder,  prostate,  rectum,  and  peritoneum.  By  its  lower  or  perineal 
surfacej  it  forms  the  medial  boundary  of  the  ischiorectal  fossa,  and  is  covered  by  the  inferior  layer 
of  the  diaphragmatic  part  of  the  pelvic  fascia  {anal  fascia).  Its  posterior  border  is  free  and  sepa- 
rated from  the  Coccygeus  by  areolar  tissue.  Its  anterior  border  is  separated  from  the  muscle  of 
the  opposite  side  by  a  triangular  space,  through  which  the  urethra,  and  in  the  female  the  vagina, 
pass  from  the  pelvis. 

The  Levator  ani  may  be  divided  into  iliococcygeal  and  pubococcygeal  parts. 

The  Iliococcygeus  arises  from  the  ischial  spine  and  from  the  posterior  part  of  the  tendinous 
arch  of  the  pelvic  fascia,  and  is  attached  to  the  coccyx  and  anococcygeal  raph6;  it  is  usually  thin, 
and  may  fail  entirely,  or  be  largely  replaced  by  fibrous  tissue.  An  accessory  slip  at  its  posterior 
part  is  sometimes  named  the  Iliosacralis,  The  Pvbococcygeus  arises  from  the  back  of  the  pubis 
and  from  the  anterior  part  of  the  obturator  fascia,  and  '*is  directed  backward  almost  horizontally 
along  the  side  of  the  anal  canal  toward  the  coccyx  and  sacrum,  to  which  it  finds  attachment. 
Between  the  termination  of  the  vertebral  colunm  and  the  anus,  the  two  Pubococcygei  muscles 
come  together  and  form  a  thick,  fibromuscular  layer  lying  on  the  raphd  formed  by  the  Iliococcygei" 
(Peter  Thompson).  The  greater  part  of  this  muscle  is  inserted  into  the  coccyx  and  into  the  last 
one  or  two  pieces  of  the  sacrum.  This  insertion  into  the  vertebral  column  is,  however,  not 
admitted  by  all  observers.  The  fibres  which  form  a  sling  for  the  rectum  are  named  the  Pttbo^ 
rectalis  or  Sphincter  recti.  They  arise  from  the  lower  part  of  the  83n3iphysis  pubis,  and  from  the 
superior  fascia  of  the  urogenital  diaphragm.  They  meet  with  the  corresponding  fibres  of  the 
opposite  side  around  the  lower  part  of  the  rectiun,  and  form  for  it  a  strong  sling. 

Nerve  Supply. — ^The  Levator  ani  is  supplied  by  a  branch  from  the  fourth  sacral  nerve  and 
by  a  branch  which  is  sometimes  derived  from  the  perineal,  sometimes  from  the  inferior  hemor- 
rhoidal division  of  the  pudendal  nerve. 

The  Coccygeus  (Fig.  512)  is  situated  behind  the  preceding.  It  is  a  triangular 
plane  of  muscular  and  tendinous  fibres,  arising  by  its  apex  from  the  spine  of  the 
ischium  and  sacrospinous  ligament,  and  inserted  by  its  base  into  the  margin  of  the 
coccyx  and  into  the  side  of  the  lowest  piece  of  the  sacrum.  It  assists  the  Levator 
ani  and  Piriformis  in  closing  in  the  back  part  of  the  outlet  of  the  pelvis. 

Nerve  Supply. — The  Coccygeus  is  supplied  by  a  branch  from  the  fourth  and  fifth  sacral  nerves. 

ActioiiB. — The  Levatores  ani  constrict  the  lower  end  of  the  rectum  and  vagina.  They  elevate 
and  invert  the  lower  end  of  the  rectum  after  it  has  been  protruded  and  everted  during  the  expul- 
sion of  the  feces.  They  are  also  muscles  of  forced  expiration.  The  Coccygei  pull  forward  and 
support  the  coccyx,  after  it  has  been  pressed  backward  during  defecation  or  parturition.  The 
Levatores  ani  and  Coccygei  together  form  a  muscular  diaphragm  which  supports  the  pelvic 
viscera. 

VI.    THE  MUSCLES    AND   FASCLE   OF  THE  PERINEUM. 

The  perineum  corresponds  to  the  outlet  of  the  pelvis.  Its  deep  boundaries 
are — in  front,  the  pubic  arch  and  the  arcuate  ligament  of  the  pubis;  behiwif  the  tip 
of  the  coccyx;  and  on  either  side  the  inferior  rami  of  the  pubis  and  ischium,  and  the 
sacrotuberous  ligament.  The  space  is  somewhat  lozenge-shaped  and  is  limited 
on  the  surface  of  the  body  by  the  scrotum  in  front,  by.  the  buttocks  behind,  and 
laterally  by  the  medial  side  of  the  thigh.  A  line  drawn  transversely  across  in 
front  of  the  ischial  tuberosities  divides  the  space  into  two  portions.  The  pK>s- 
terior  contains  the  termination  of  the  anal  canal  and  is  known  as  the  anal  region; 
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the  anterior,  which  contains  the  external  urogenital  organs,  is  termed  the  nroKeiiital 
reiuft. 
The  muscles  of  the  perineum  may  therefore  be  divided  into  two  groups: 

1.  Those  of  the  anal  region, 

2.  Those  of  the  urogenital  region :  a,  In  the  male;  B,  In  the  female. 

1.  The  Muscles  of  the  Anal  Begion. 
Corrugator  cutis  ani.  Sphincter  ani  externus.        Sphincter  ani  intemus. 

The  Superficial  Fascia. — The  superficial  fascia  is  very  thick,  areolar  in  texture, 
and  contains  much  fat  in  its  meshes.  On  either  side  a  pad  of  fatty  tissue  extends 
deeply  between  the  Levator  ani  and  Obturator  intemus  into  a  space  known  as  the 
iichiarectil  fossa. 

The  Deep  Fascia. — The  deep  fascia  forms  the  lining  of  the  ischiorectal  fossa; 
it  comprises  the  anal  fascia,  and  the  portion  of  obturator  fascia  below  the  origin 
of  Levator  ani. 


^ 


Fid.  513.— The  peiiBeum,     Tbe  uitaguDHOt  ud  luperficial  lft>er  of  niperficinl  lascii  reflecUd. 

I»chior«ctal  Fossa  (fossa  ischiorectalis)  (Fig.  513). — The  fossa  is  somewhat  pris- 
matic m  shape,  with  its  base  directed  to  the  surface  of  the  perineum,  and  its  apex 
at  the  line  of  meeting  of  the  obturator  and  anal  fascife.  It  is  bounded  medially 
by  the  Sphincter  ani  externus  and  the  ana!  fascia;  laterally,  by  the  tuberosity  of 
the  ischium  and  the  obturator  fascia;  anteriorly,  by  the  fascia  of  Colles  covering 
the  Transversus  perinaei  superficialis,  and  by  the  inferior  fascia  of  the  urogenital 
diaphragm;  posterwrly,  by  the  Glutaeus  maximus  and  the  sacrotuberous  ligament. 
Crossing  the  space  transversely  are  the  inferior  hemorrhoidal  vessels  and  ner\'es; 
at  the  back  part  are  the  perineal  and  perforating  cutaneous  branches  of  the 
pudendal  plexus;  while  from  the  forepart  the  posterior  scrotal  (or  labial)  vessels 
and  nerves  emerge.    The  internal  pudendal  vessels  and  pudendal  nerve  lie  in 
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Alcock's  canal  on  the  lateral  wall.    The  fossa  is  filled  with  fatty  tissue  across 
which  numerous  fibrous  bands  extend  from  side  to  side. 

Applied  Anatomy. — Abscess  in  the  ischiorectal  fossa  commonly  occurs;  it  is  most  often  the 
result  of  infection  from  the  bowel,  and  is  especially  prone  to  occur  in  tuberculous  subjects;  occa- 
sionally it  follows  perforation  by  a  foreign  body  which  has  been  swallowed,  such  as  a  fish  bone. 
The  abscess  may  bulge  at  the  side  of  the  anus,  at  the  border  of  Glutaeus  maximus,  or  against 
the  rectal  wall.  There  is  great  pain  on  defecation.  On  examining  the  bowel,  fulness  on  the  side 
of  the  abscess  may  be  detected.  If  left  to  itself  the  pus  will  find  exit  through  the  skin,  or  into 
the  rectum  between  the  two  Sphincters;  ai\d  the  condition  will  degenerate  into  one  of  the  varieties 
of  fistula,  owing  to  the  constant  pult  of  the  Sphincter  ani  extemus  preventing  closure  of  the 
walls  of  the  cavity.  These  abscesses  should  be  opened  at  the  earliest  possible  moment,  as  they 
tend  to  track  and  burrow  widely  into  the  soft  fat  in  the  fossa,  and  also  in  the  subcutaneous  tissues. 
An  incision  should  be  made  tangential  to  the  anus  over  the  region  of  the  ischiorectal  fossa,  and 
should  then  be  converted  into  a  T,  by  making  a  second  incision  laterally  at  right  angles  to  it, 
so  that  the  wound  may  be  kept  open  and  may  heal  up  from  the  bottom.  Frequently,  however, 
in  spite  of  care,  a  fistula  ensues  which  requires  division  of  the  Sphincter  ani  extemus  for  its  cure. 

The  Corragator  Cutis  Ani. — ^Around  the  anus  is  a  thin  stratum  of  involuntary 
muscular  fibre,  which  radiates  from  the  orifice.  Medially  the  fibres  fade  off  into 
the  submucous  tissue,  while  laterally  they  blend  with  the  true  skin.  By  its  contrac- 
tion it  raises  the  skin  into  ridges  around  the  margin  of  the  anus. 

The  Sphincter  ani  eztemoa  (External  sphincter  ani)  (Fig  513)  is  a  flat  plane 
of  muscular  fibres,  elliptical  in  shape  and  intimately  adherent  to  the  integument 
surrounding  the  margin  of  the  anus.  It  measures  about  8  to  10  cm.  in  length,  from 
its  anterior  to  its  posterior  extremity,  and  is  about  2.5  cm.  broad  opposite  the 
anus.  It  consists  of  two  strata,  superficial  and  deep.  The  superficicd,  constituting 
the  main  portion  of  the  muscle,  arises  from  a  narrow  tendinous  band,  the  anococcy- 
geal raph^,  which  stretches  from  the  tip  of  the  coccyx  to  the  posterior  margin  of 
the  anus;  it  forms  two  flattened  planes  of  muscular  tissue,  which  encircle  the  anus 
and  meet  in  front  to  be  inserted  into  the  central  tendinous  point  of  the  perineum, 
joining  with  the  Transversus  perinaei  superficialis,  the  Levator  ani,  and  the  Bul- 
bocavernosus.  The  deeper  portion  forms  a  complete  sphincter  to  the  anal  canal. 
Its  fibres  surround  the  canal,  closely  applied  to  the  Sphincter  ani  intemus,  and  in 
front  blend  with  the  other  muscles  at  the  central  point  of  the  perineum.  In  a 
considerable  proportion  of  cases  the  fibres  decussate  in  front  of  the  anus,  and  are 
continuous  with  the  Transversi  perinaei  superficiales.  Posteriorly,  they  are  not 
attached  to  the  cocc^tc,  but  are  continuous  with  those  of  the  opposite  side  behind 
the  anal  canal.  The  upper  edge  of  the  muscle  is  ill-defined,  since  fibres  are  given 
off  from  it  to  join  the  Levator  ani. 

Nerye  Soiiplj. — A  branch  from  the  fourth  sacral  and  twigs  from  the  inferior  hemorrhoidal 
branch  of  the  pudendal  supply  the  muscle. 

Actions. — ^The  action  of  this  muscle  is  peculiar.  (1)  It  is,  like  other  muscles,  always  in  a  state 
of  tonic  contraction,  and  having  no  antagonistic  muscle  it  keeps  the  anal  canal  and  orifice  cloeed. 

(2)  It  can  be  put  into  a  condition  of  greater  contraction  under  the  influence  of  the  will,  so  as 
more  firmly  to  occlude  the  anal  aperture,  in  expiratory  efforts  unconnected  with  defecation. 

(3)  Taking  its  fixed  point  at  the  coccyx,  it  helps  to  fix  the  central  point  of  the  perineum,  so  that 
the  Bulbocav^mosus  may  act  from  this  fixed  point. 

The  Sphincter  ani  intemus  (Internal  sphincter  ani)  is  a  muscular  ring  which 
surrounds  about  2.5  cm.  of  the  anal  canal;  its  inferior  border  is  in  contact  with, 
but  quite  separate  from,  the  Sphincter  ani  externus.  It  is  about  5  mm.  thick,  and 
is  formed  by  an  aggregation  of  the  involuntary  circular  fibres  of  the  intestine. 
Its  lower  border  is  about  6  mm.  from  the  orifice  of  the  anus. 

Actions. — Its  action  is  entirely  involuntary.  It  helps  the  Sphincter  ani  extemus  to  occlude 
the  anal  aperture  and  aids  in  the  expulsion  of  the  feces. 
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2.  A.  The  Muscles  of  the  TTrogenital  Segion  in  the  Male  (Fig.  514). 
TVansversus  perinaei  superficialis.  Ischiocavernosus. 

Bulbocavernosus.  Transveraus  perinaei  profundus. 

Sphincter  urethrae  membranaceae. 

Superficial  Fascia.— The  superficial  fascia  of  this  region  consists  of  two  layers, 
superficial  and  deep. 


Fio.  Gil. — MukIm  o[  Dule  perineum, 

Ihe  rapwficiil  Uy^^^ThiHsJooae,  areolar  in  texture,  and  contains  in  its  meshes 
ucn  adipose  ^Jffe,  the  amount  of  which  varies  in  different  subjects.    In  front, 

^  '^^^^^^^l^\th  the  dartos  tunic  of  the  scrotum;  behind,  with  the  aubcuta- 

,  ^™ "^ssue  surrounding  the  anus;  and,  on  either  side,  with  the  same  fascia 

.1        ^?^sides  of  the  thighs.    In  the  middle  line,  it  is  adherent  to  the  skin  on 

'in*''r5nd  to  the  deep  layer  of  the  superficial  fascia. 

■         '^  Ujer  of  superficial  fascia  (/(Mcia  of  Colles)  {Fig.  513)  is  thin,  aponeurotic 

the  nw^'^'  ^^^  '^^  considerable  strength,  serving  to  bind  down  the  muscles  of 

ii^gSjof  the  penis.    It  is  continuous,  in  front,  with  the  dartos  tunic,  the  deep 

T  the  penis,  the  fascia  of  the  spermatic  cord,  and  Scarpa's  fascia  upon  the 
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anterior  wall  of  the  abdomen;  on  either  side  it  is  firmly  attached  to  the  margins 
of  the  rami  of  the  pubis  and  ischium,  lateral  to  the  crus  penis  and  as  far  back  as 
the  tuberosity  of  the  ischium;  posteriorly,  it  curves  around  the  Transversi  perinaei 
superficiales  to  join  the  lower  margin  of  the  inferior  fascia  of  the  urogenital  dia- 
phragm. In  the  middle  line,  it  is  connected  with  the  superficial  fascia  and  with  the 
median  septum  of  the  Bulbocavernosus.  This  fascia  not  only  covers  the  muscles 
in  this  region,  but  at  its  back  part  sends  upward  a  vertical  septum  from  its  deep 
surface,  which  separates  the  posterior  portion  of  the  subjacent  space  into  two. 

The  Central  Tendinoas  Point  of  the  Perineum. — ^This  is  a  fibrous  point  in  the  middle 
line  of  the  perineum,  between  the  urethra  and  anus,  and  about  1 .25  cm.  in  front 
of  the  latter.  At  this  point  six  muscles  converge  and  are  attached:  viz.,  the 
Sphincter  ani  externus,  the  Bulbocavernosus,  the  two  Transversi  perinaei  super- 
ficiales, and  the  anterior  fibres  of  the  Levatores  ani. 

The  Transversns  perinaei  superficialis  ( Transversus  yerinaei;  Superficial  transverse 
perineal  muscle)  is  a  narrow  muscular  slip,  which  passes  more  or  less  transversely 
across  the  perineal  space  in  front  of  the  anus.  It  arises  by  tendinous  fibres  from 
the  inner  and  forepart  of  the  tuberosity  of  the  ischium,  and,  running  medialward, 
is  inserted  into  the  central  tendinous  point  of  the  perineum,  joining  in  this  situa- 
tion with  the  muscle  of  the  opposite  side,  with  the  Sphincter  ani  externus  behind, 
and  with  the  Bulbocavernosus  in  front.  In  some  cases,  the  fibres  of  the  deeper 
layer  of  the  Sphincter  ani  externus  decussate  in  front  of  the  anus  and  are  con- 
tinued into  this  muscle.  Occasionally  it  gives  off  fibres,  which  join  with  the 
Bulbocavernosus  of  the  same  side. 

Actions. — The  simultaneous  contraction  of  the  two  muscles  serves  to  fix  the  central  tendinous 
point  of  the  perineum. 

The  Bulbocavernosus  {Ejaculator  urinate;  Accelerator  urinae)  is  placed  in  the 
middle  line  of  the  perineum,  in  front  of  the  anus.  It  consists  of  two  sjTnmetrical 
parts,  united  along  the  median  line  by  a  tendinous  raph6.  It  arises  from  the  cen- 
tral tendinous  point  of  the  perineum  and  from  the  median  raph6  in  front.  Its 
fibres  diverge  like  the  barbs  of  a  quill-pen;  the  most  posterior  form  a  thin  layer, 
which  is  lost  on  the  inferior  fascia  of  the  urogenital  diaphragm;  the  middle  fibres 
encircle  the  bulb  and  adjacent  parts,  of  the  corpus  cavernosum  urethrae,  and  join 
with  the  fibres  of  the  opposite  side,  on  the  upper  part  of  the  corpus  cavernosum 
urethrae,  in  a  strong  aponeurosis;  the  anterior  fibres,  spread  out  over  the  side 
of  the  corpus  cavernosum  penis,  to  be  inserted  partly  into  that  body,  anterior  to 
the  Ischiocavernosus,  occasionally  extending  to  the  pubis,  and  partly  ending  in  a 
tendinous  expansion  which  covers  the  dorsal  vessels  of  the  penis.  The  latter 
fibres  are  best  seen  by  dividing  the  muscle  longitudinally,  and  reflecting  it  from 
the  surface  of  the  corpus  cavernosum  urethrae. 

Actions. — This  muscle  serves  to  empty  the  canal  of  the  urethra,  after  the  bladder  has  expelled 
its  contents;  during  the  greater  part  of  the  act  of  micturition  its  fibres  are  relaxed,  and  it  only 
comes  into  action  at  the  end  of  the  process.  The  middle  fibres  are  supposed  by  Krause  to  assist 
in  the  erection  of  the  corpus  cavemosimi  urethiae,  by  compressinethe  erectile  tissue  of  the  bulb. 
The  anterior  fibres,  according  to  Tyrrel,  also  contribute  to  the  eFeStion'ifthe  penis  by  compressing 
the  deep  dorsal  vein  of  the  penis  as  they  are  inserted  into,  and  continuoiN^ith,  the  fascia  of  the 
penis. 

The  Ischiocavernosus  {Erector  penis)  covers  the  crus  penis.  It  isS^an  elongated 
muscle,  broader  in  the  middle  than  at  either  end,  and  situated  on  the  liiteral  bound- 
ary of  the  perineum.  It  arises  by  tendinous  and  fleshy  fibres  from  tl\inner  sur- 
face of  the  tuberosity  of  the  ischium,  behind  the  crus  penis;  and  from  t^  rami  of 
the  pubis  and  ischium  on  either  side  of  the  crus.  From  these  points  fleW  fibres 
succeed,  and  end  in  an  aponeurosis  which  is  inserted  into  the  sides  ai^  under 
surface  of  the  crus  penis. 
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Aetbn. — The  lachiocavemosua  compresses  the  crua  penis,  and  retards  the  return  of  the  blood 
through  the  veins,  and  thus  serves  to  maintain  the  oi^an  erect. 

Between  the  musclee  just  extunined  a  triangular  space  exists,  bounded  medially  by  the  Bulbo- 
cavemOBUS,  lateraUy  by  the  Ischiocavemoaus,  and  behind  by  the  Transveraus  perinaei  super- 
lii^ialjs;  the  floor  is  formed  by  the  inferior  fascia  of  the  urogenital  diaphragm.  Running  from 
behind  forward  in  the  apace  are  the  posterior  scrotal  vessels  and  nerves,  and  the  perineal  bnmch 
of  the  posterior  femoral  cutaneous  nerve;  the  transverse  perineal  artery  courses  along  its  posterior 
bouodary  on  the  Trana\'ersus  perinaei  superficialis. 

The  Dwp  Fucia. — The  deep  fascia  of  the  urogenital  region  forma  an  investment 
tor  the  Transversua  perinaei  profundus  and  the  Sphincter  urethrae  membranaceae, 
but  within  it  lie  also  the  deep  vessels  and  nerves  of  this  part,  the  whole  forming  a 
transverse  septum  which  is  known  as  the  uroKenitftl  dlapbraifm.  From  its  shape 
it  is  usually  termed  the  trianfnlar  UgameDt,  and  is  stretched  almost  horizontally 
across  the  pubic  arch,  so  as  to  close  in  the  front  paii:  of  the  outlet  of  the  pelvis. 
It  consists  of  two  dense  membranous  laminse  (Fig.  515),  which  are  united  along 
their  posterior  borders,  but  are  separated  in  front  by  intervening  struftiires.  The 
superficial  of  these  two  layers,  the  inferior  fascia  of  the  oroKraital  diaphragm,  is  tri- 
angular in  shape,  and  about  4  cm.  in  depth.    Its  apex  is  directed  forward,  and  is 


Fra,  SIG,— Coramil  BeMJoo  af  Huteriar  part  ol  pctvia,  througb  the  pubic  aich.    Seen  from  in  ttaot.    (DiaEiamnialiE.) 

separated  from  the  arcuate  pubic  ligament  by  an  oval  opening  for  the  transmission 
of  the  deep  dorsal  vein  of  the  penis.  Its  lateral  margins  are  attache<l  on  either  side 
to  the  inferior  rami  of  the  pubis  and  ischium,  above  the  erus  penis.  Its  base  is 
directed  toward  the  rectum,  and  connected  to  the  central  tendinous  point  of  the 
perineum.  It  is  continuous  with  the  deep  layer  of  the  superficial  fascia  behind  the 
Transversus  perinaei  superficialis,  and  with  die  inferior  layer  of  the  diaphragmatic 
part  of  the  pelvic  fascia.  It  is  perforated,  about  2.5  cm,  below  the  symphysis 
pubis,  by  the  urethra,  the  aperture  for  which  is  circular  and  about  6  mm,  in  diameter 
by  the  arteries  to  the  bulb  and  the  ducts  of  the  bulbourethral  glands  close  to  the 
urethral  orifice;  by  the  deep  arteries  of  the  penis,  one  on  either  side  close  to  the 
pubic  arch  and  about  halfway  along  the  attached  margin  of  the  fascia ;  b>'  the  dorsal 
arteries  and  nerves  of  the  penis  near  the  apex  of  the  fascia.  Its  base  is  also  perfor- 
ated by  the  perineal  vessels  and  nerves,  while  between  its  apex  and  the  arcuate 
pubic  ligament  the  deep  dorsal  vein  of  the  penis  passes  upward  into  the  pelvis. 
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If  the  inferior  fascia  of  the  urogenital  diaphragm  be  detached  on  either  side, 
the  following  structures  will  be  seen  between  it  and  the  superior  fascia:  the  deep 
dorsal  vein  of  the  penis;  the  membranous  portion  of  the  urethra;  the  Transversus 
perinaei  profundus  and  Sphincter  urethrae  membranaceae  muscles;  the  bulbo- 
urethral glands  and  their  ducts;  the  pudendal  vessels  and  dorsal  nerves  of  the  penis ; 
the  arteries  and  nerves  of  the  urethral  bulb,  and  a  plexus  of  veins. 

The  superior  fascia  of  the  urogenital  diaphragm  is  continuous  with  the  obturator 
fascia  and  stretches  across  the  pubic  arch.  If  the  obturator  fascia  be  traced  medially 
after  leaving  the  Obturator  internus  muscle,  it  will  be  found  attached  by  some  of 
its  deeper  or  anterior  fibres  to  the  inner  margin  of  the  pubic  arch,  while  its  sui>er- 
ficial  or  posterior  fibres  pass  over  this  attachment  to  become  continuous  with  the 
superior  fascia  of  the  urogenital  diaphragm.  Behind,  this  layer  of  the  fascia  is 
continuous  with  the  inferior  fascia  and  with  the  fascia  of  Colles;  in  front  it  is  con- 
tinuous with  the  fascial  sheath  of  the  prostate,  and  is  fused  with  the  inferior  fascia 
to  form  the  transverse  ligament  of  the  pelvis. 

The  Transversus  perinaei  profundus  arises  from  the  inferior  rami  of  the  ischium 
and  runs  to  the  median  line,  where  it  interlaces  in  a  tendinous  raphe  with  its  fellow 
of  the  opposite  side.  It  lies  in  the  same  plane  as  the  Sphincter  urethrae  membran- 
aceae; formerly  the  two  muscles  were  described  together  as  the  Constrictor  uretlirae. 

The  Sphincter  urethrae  membranaceae  surrounds  the  whole  length  of  the  mem- 
branous portion  of  the  urethra,  and  is  enclosed  in  the  fasciae  of  the  urogenital  dia- 
phragm. Its  external  fibres  arise  from  the  junction  of  the  inferior  rami  of  the  pubis 
and  ischium  to  the  extent  of  1.25  to  2  cm.,  and  from  the  neighboring  fasciae. 
They  arch  across  the  front  of  the  urethra  and  bulbourethral  glands,  pass  around 
the  urethra,  and  behind  it  unite  with  the  muscle  of  the  opposite  side,  by  means 
of  a  tendinous  raph6.  Its  innermost  fibres  form  a  continuous  circular  investnaent 
for  the  membranous  urethra. 

Actions. — The  muscles  of  both  sides  act  together  as  a  sphincter,  compressing  the  membranous 
portion  of  the  urethra.  During  the  transmission  of  fluids  they,  like  the  Bulbocavemosus,  are 
relaxed,  and  only  come  into  action  at  the  end  of  the  process  to  eject  the  last  drops  of  the  fluid. 

Nerve  Supply. — ^The  perineal  branch  of  the  pudendal  nerve  supplies  this  group  of  musclee. 

2.  B.  The  Muscles  of  the  Ufogenital  Region  in  the  Female  (Fig.  515). 

Transversus  perinaei  superficialis.  Ischioeavernosus. 

Bulbocavemosus.  Transversus  perinaei  profundus. 

Sphincter  urethrae  membranaceae. 

The  Transversus  perinaei  superficialis  ( Transversus  perinaei;  Superficial  trans'- 
verse  perineal  muscle)  in  the  female  is  a  narrow  muscular  slip,  which  arises  by  a 
small  tendon  from  the  inner  and  forepart  of  the  tuberosity  of  the  ischium,  and 
is  inserted  into  the  central  tendinous  point  of  the  perineum,  joining  in  this  situa- 
tion with  the  muscle  of  the  opposite  side,  the  Sphincter  ani  extemus  behind,  and 
the  Bulbocavemosus  in  front. 

Action. — The  simultaneous  contraction  of  the  two  muscles  serves  to  fix  the  central  tendinous 
point  of  the  perineum. 

The  Bulbocavemosus  (Sphincter  vaginae)  surrounds  the  orifice  of  the  vagina. 
It  covers  the  lateral  parts  of  the  vestibular  bulbs,  and  is  attached  posteriorly 
to  the  central  tendinous  point  of  the  perineum,  where  it  blends  with  the  Sphincter 
ani  extemus.  Its  fibres  pass  forward  on  either  side  of  the  vagina  to  be  inserted 
into  the  corpora  cavernosa  clitoridis,  a  fasciculus  crossing  over  the  body  of  the 
organ  so  as  to  compress  the  deep  dorsal  vein. 

ActionB. — The  Bulbocavemosus  diminishes  the  orifice  of  the  vagina.  The  anterior  fibres 
contribute  to  the  erection  of  the  clitoris,  as  they  are  inserted  into  and  are  continuous  with  the 
fascia  of  the  clitoris,  compressing  the  deep  dorsal  vein  during  the  contraction  of  the  muscle. 
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The  Ischiocavemosos  (Erector  ditoridis)  is  smaller  than  the  corresponding 
muscle  in  the  male.  It  covers  the  unattached  surface  of  the  crus  clitoridis.  It  is 
an  elongated  muscle,  broader  at  the  middle  than  at  either  end,  and  situated  on 
the  side  of  the  lateral  boundary  of  the  perineum.  It  arises  by  tendinous  and  fleshy 
fibres  from  the  inner  surface  of  the  tuberosity  of  the  ischium,  behind  the  crus 
clitoridis;  from  the  surface  of  the  crus;  and  from  the  adjacent  portion  of  the  ramus 
of  the  ischium.  From  these  points  fleshy  fibres  succeed,  and  end  in  an  aponeurosis, 
which  is  inserted  into  the  sides  and  under  surface  of  the  crus  clitoridis. 


Vidtira 
FvMS 


SjAincUr  ani  extemut 
Fio.  aie. — MumIm  of  Um  ftnula  perinsum.     (Modified  from  ■  drawinf  by  Petar  Thompun.) 

Matt. — The  IschiocavemoBus  compresaes  the  cms  chtoridia  and  retards  the  return  oF  blood 
through  the  vems,  and  thus  serves  to  maintain  the  organ  erect. 

The  fucia  of  th«  ujoKenital  diapbraKm  in  the  female  is  not  so  strong  as  in  the 
inale.  It  is  attached  to  the  pubic  arch,  its  apex  being  connected  with  the  arcuate 
pUbic  ligament.  It  is  divided  in  the  middle  line  by  the  aperture  of  the  vagina, 
with  the  external  coat  of  which  it  becomes  blended,  and  in  front  of  this  is  perfor- 
itei  by  the  urethra.  Its  posterior  border  is  continuous,  as  in  the  male,  with  the 
deep  layer  of  the  superficial  fascia  around  the  Transversus  perinaei  superficialis. 

like  the  corresponding  fascia  in  the  male,  it  consists  of  two  layers,  between 
which  are  to  be  found  the  following  structures:  the  deep  dorsal  vein  of  the  clitoris, 
a  portion  of  the  urethra  and  the  Constrictor  urethra  muscle,  the  larger  vestibular 
glands  and  their  ducts;  the  internal  pudendal  vessels  and  the  dorsal  nerves  of  the 
clitoris;  the  arteries  and  nerves  of  the  bulbi  vestibuli,  and  a  plexus  of  veins. 

The  Tmuversns  perinaei  profundus  arises  from  the  inferior  rami  of  the  ischium 
lod  runs  across  to  the  side  of  the  vagina.  The  Sphincter  urethrae  membranaceae 
(Constrictor  urethrae),  like  the  corresponding  muscle  on  the  male,  consists  of  external 
and  internal  fibres.    The  external  fibres  arise  on  either  side  from  the  margin  of  the 
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inferior  ramus  of  the  pubis.  They  are  directed  across  the  puh^c  arch  in  front  of 
the  urethra,  and  pass  around  it  to  blend  with  the  muscular  fibres  of  the  opposite 
side,  between  the  urethra  and  vagina.  The  innermost  fibres  encircle  the  lower  end 
of  the  urethra. 

Nerve  Supply. — ^The  muscles  of  this  group  are  supplied  by  the  perineal  branch  of  the  pudendal - 


THE  MUSCLES  AND  FASCLE  OF  THE  UPPEB  EXTBEMITT. 

The  muscles  of  the  upper  extremity  are  divisible  into  groups,  corresponding 
with  the  different  regions  of  the  limb. 

I.  Muscles  Connecting  the  Upper  Extremity  to  the  Vertebral  Column. 
II.  Muscles  Connecting  the  Upper  Extremity  to  the  Anterior  and  Lateral 
Thoracic  Walls. 

III.  Muscles  of  the  Shoulder.  V.  Muscles  of  the  Forearm. 

IV.  Muscles  of  the  Arm.  VI.  Muscles  of  the  Hand. 


I.     THE  MUSCLES  CONNECTING  THE  UPPER  EXTREMITY  TO  THE 

VERTEBRAL  COLUMN. 

The  muscles  of  this  group  are: 

Trapezius.  Rhomboideus  major. 

Latissimus  dorsi.  Rhomboideus  minor. 

Levator  scapulae. 

Superficial  Fascia. — The  superficial  fascia  of  the  back  forms  a  layer  of  con- 
siderable thickness  and  strength,  and  contains  a  quantity  of  granular  fat.  It  is 
continuous  with  the  general  superficial  fascia. 

Deep  Fascia. — ^The  deep  fascia  is  a  dense  fibrous  layer,  attached  above  to  the 
superior  nuchal  line  of  the  occipital  bone;  in  the  middle  line  it  is  attached  to  the 
ligamentum  nuchae  and  supraspinal  ligament,  and  to  the  spinous  processes  of  all 
thea^yertebrae  below  the  seventh  cervical;  laterally,  in  the  neck  it  is  continuous  with 
the  deep  cervical  fascia;  over  the  shoulder  it  is  attached  to  the  spine  of  the  scapula 
and  to  the  acromion,  and  is  continued  downward  over  the  Deltoideus  to  the  arm; 
on  the  thorax  it  is  continuous  with  the  deep  fascia  of  the  axilla  and  chest,  and  on 
the  abdomen  with  that  covering  the  abdominal  muscles;  below,  it  is  attached  to 
the  crest  of  the  ilium. 

The  Trapezius  (Fig.  517)  is  a  flat,  triangular  muscle,  covering  the  upper  and 
back  part  of  the  neck  and  shoulders.  It  arises  from  the  external  occipital  protu- 
berance aiid-tl^  medial  third  of  the  superior  nuchal  line  of  the  occipital  bone,  from 
the  ligamentumliuchae,  the  spinous  process  of  the  seventh  cervical,  and  the  spinous 
processes  of  all  the  thoracic  vertebrae,  and  from  the  corresponding  portion  of  the 
supraspinal  ligament.  From  this  origin,  the  superior  fibres  proceed  downward 
and  lateralward,  the  inferior  upward  and  lateralward,  and  the  middle  horizontally; 
the  superior  fibres  are  inserted  into  the  posterior  border  of  the  lateral  third  of  the 
clavicle;  the  middle  fibres  into  the  medial  margin  of  the  acromion,  and  into  the  supe- 
rior lip  of  the  posterior  border  of  the  spine  of  the  scapula;  the  inferior  fibres  eon- 
verge  near  the  scapula,  and  end  in  an  aponeurosis,  which  glides  over  the  smooth 
triangular  surface  on  the  medial  end  of  the  spine,  to  be  inserted  into  a  tubercle 
at  the  apex  of  this  smooth  triangular  surface.  At  its  occipital  origin,  the  Trapezius 
is  connected  to  the  bone  by  a  thin  fibrous  lamina,  firmly  adherent  to  the  skin. 
At  the  middle  it  is  connected  to  the  spinous  processes  by  a  broad  semi-elliptical 
aponeurosis,  which  reaches  from  the  sixth  cervical  to  the  third  thoracic  vertebrae, 
and  forms,  with  that  of  the  opposite  muscle,  a  tendinous  ellipse.    The  rest  of  the 
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muscle  arises  by  numerous  short  tendinous  fibres.  The  two  Trapezius  muscles 
together  resemble  a  trapezium,  or  diamond-shaped  quadrangle:  two  angles  corre- 
sponding to  the  shoulders;  a  third  to  the  occipital  protuberance;  and  the  fourth 
to  the  spinous  process  of  the  twelfth  thoracic  vertebra. 

The  clavicular  insertion  of  this  muscle  varies  in  extent;  it  sometimes  reaches 
as  far  as  the  middle  of  the  clavicle,  and  occasionally  may  blend  with  the  posterior 
edge  of  the  Sternodeidomastoideus,  or  overlap  it. 

The  Latissimus  dorsi  (Fig.  517)  is  a  triangular,  flat  muscle,  which  covers  the 
lumbar  region  and  the  lower  half  of  the  thoracic  region,  and  is  gradually  con- 
tracted into  a  narrow  fasciculus  at  its  insertion  into  the  humerus.  It  arises  by 
tendinous  fibres  from  the  spinous  processes  of  the  low^er  six  thoracic  vertebrae 
and  from  the  posterior  layer  of  the  lumbodorsal  fascia  (see  page  486),  by  which 
it  is  attached  to  the  spines  of  the  lumbar  and  sacral  vertebrae,  to  the  supraspinal 
ligament,  and  to  the  posterior  part  of  the  crest  of  the  ilium.  It  also  arises  by 
muscular  fibres  from  the  external  lip  of  the  crest  of  the  ilium  lateral  to  the  margin 
of  the  Sacrospinalis,  and  from  the  three  or  four  lower  ribs  by  fleshy  digitations, 
which  are  interposed  between  similar  processes  of  the  Obliquus  abdominis  extemus 
(Fig.  500,  page  500).  From  this  extensive  origin  the  fibres  pass  in  different  direo 
tions,  the  upper  ones  horizontally,  the  middle  obliquely  upward,  and  the  lower 
vertically  upward,  so  as  to  converge  and  form  a  thick  fasciculus,  which  crosses  the 
inferior  angle  of  the  scapula,  and  usually  receives  a  few  fibres  from  it.  The  muscle 
curves  around  the  lower  border  of  the  Teres  major,  and  is  twisted  upon  itself,  so 
that  the  superior  fibres  become  at  first  posterior  and  then  inferior,  and  the  vertical 
fibres  at  first  anterior  and  then  superior.  It  ends  in  a  quadrilateral  tendon,  about 
7  cm.  long,  which  passes  in  front  of  the  tendon  of  the  Teres  major,  and  is  inserted 
into  the  bottom  of  the  intertubercular  groove  of  the  humerus;  its  insertion  extends 
higher  on  the  humerus  than  that  of  the  tendon  of  the  Pectoralis  major.  The  lower 
border  of  its  tendon  is  united  with  that  of  the  Teres  major,  the  surfaces  of  the  two 
being  separated  near  their  insertions  by  a  bursa;  another  bursa  is  sometimes  inter- 
posed between  the  muscle  and  the  inferior  angle  of  the  scapula.  The  tendon  of 
the  muscle  gives  off  an  expansion  to  the  deep  fascia  of  the  arm. 

A  muscular  slip,  the  axillary  arch,  varying  from  7  to  10  cm.  in  length,  and  from  5  to  15  mm. 
in  breadth,  occasionaUy  springs  from  the  upper  edge  of  the  Latissimus  dorsi  about  the  middle 
of  the  posterior  fold  of  the  axilla,  and  crosses  the  axilla  in  front  of  the  axillary  vessels  and  nerves, 
to  join  the  under  surface  of  the  tendon  of  the  Pectoralis  major,  the  Coracobrachialis,  or  the  fascia 
over  the  Biceps  brachii.  This  axillary  arch  crosses  the  axillary  artery,  just  above  the  spot  usually 
selected  for  the  application  of  a  ligature,  and  may  mislead  the  surgeon  during  the  operation.  It 
is  present  in  about  7  per  cent,  of  subjects  and  may  be  easily  recognized  by  the  transverse  Section 
of  its  fibres. 

A  fibrous  slip  usuaUy  passes  from  the  lower  border  of  the  tendon  of  the  Latissimus  dorsi,  near 
its  insertion,  to  the  long  head  of  the  Triceps  brachii.  This  is  occasionally  muscular,  and  is  the 
representative  of  the  Dorsoejntrochlearia  brackii  of  apes. 

The  lateral  margin  of  the  Latissimus  dorsi  is  separated  below  from  the  Obliquus 
externus  abdominis  by  a  small  triangular  interval,  the  lumbar  triangle  of  Petit, 
the  base  of  which  is  formed  by  the  iliac  crest,  and  its  floor  by  the  Obliquus  internus 
abdominis.  Another  triangle  is  situated  behind  the  scapula.  It  is  bounded  above 
by  the  Trapezius,  below  by  the  Latissimus  dorsi,  and  laterally  by  the  vertebral 
border  of  the  scapula;  the  floor  is  partly  formed  by  the  Rhomboideus  major. 
If  the  scapula  be  drawn  forward  by^olding  the  arms  across  the  chest,  and  the 
trunk  bent  forward,  parts  of  the  sixth  and  seventh  ribs  and  the  interspace  between 
them  become  subcutaneous  and  available  for  auscultation.  The  space  is  there- 
fore known  as  the  triangle  of  auscultation. 

Nenres. — The  Trapezius  is  supplied  by  the  accessory  nerve,  and  by  branches  from  the  third 
and  fourth  cervical  nerves;  the  Latissimus  dorsi  by  the  sixth,  seventh,  and  eighth  cervical  nerves 
through  the  thoracodorsal  (long  subscapular)  nerve. 
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The  Khomboideus  major  (Fig.  517)  arises  by  tendinous  fibres  from  the  spinous 

P'pcesses  of  the  second,  third,  fourth,  and  fifth  thoracic  vertebrae  and  the  supra- 

^iiial  ligament,  and  is  inserted  into  a  narrow  tendinous  arch,  attached  above  to 

jj^?  lower  part  of  the  triangular,  surf  ace  at  the  root  of  the  spine' 6T  the  scapula; 

^.^W  to  the  inferior  angle,  the  arch  being  connected  to  the  vertebral  border  by  a 

di^  J^embrane.    When  the  arch  extends,  as  it  occasionally  does,  only  a  short 

V^^ce,  the  muscular  fibres  are  inserted  directly  into  the  scapula. 

^^^  Bhomboideus  minor  (Fig.  517)  arises  from  the  lower  part  of  the  ligamentum 

%Cnae  and  from  the  spinous  processes  of  the  seventh  cervical  and  first  thoracic 

vertebrse.    It  is  inserted  into  the  base  of  the  triangular  smooth  surface  at  the  root 

of  the  spine  of  the  scapula,  and  is  usually  separated  from  the  Rhomboideus  major 

by  a  slight  interval,  but  the  adjacent  margins  of  the  two  muscles  are  occasionally 

united. 

The  Levator  scapulae  (Levator  anguli  scapulae)  (Fig.  517)  is  situated  at  the 
back  and  side  of  the  neck.  It  arises  by  tendinous  slips  from  the  transverse  pro- 
cesses of  the  atlas  and  axis  and  from  the  posterior  tubercles  of  the  transverse 
processes  of  the  third  and  fourth  cervical  vertebrae.  It  is  inserted  into  the  verte- 
bral border  of  the  scapula,  between  the  medial  angle  and  the  triangular  smooth 
surface  at  the  root  of  the  spine.  v 

Nerres. — The  Rhomboidei  are  supplied  by  the  (jf^ran^l  a/*^p^|fty  H^ry*^  irrxm  the  Mth.  cervical^ 
the  Levator  scapulae  by  the  third  and  fourth  cervical  nerves,  and  frequently  by  aHl^ranch  from 
the  dorsal  scapular. 

Aetions. — ^The  movements  effected  by  the  preceding  muscles  are  numerous,  as  may  be  con- 
ceived from  their  extensive  attachments.  When  the  whole  Trapezius  is  in  action  it  retracts  the 
8C^>ula  and  braces  back  the  shoulder;  if  the  head  be  fixed,  the  upper  part  of  the  muscle  will  elevate 
the  point  of  the  shoulder,  as  in  supporting  weights;  when  the  lower  fibres  contract  they  assist 
in  depressing  the  scapula.  The  middle  and  lower  fibres  of  the  muscle  rotate  the  scapula,  causing 
elevation  of  the  acromion.  If  the  shoulders  be  fixed,  the  Trapezii,  acting  together,  will  draw 
the  head  directly  backward;  or  if  only  one  act,  the  head  is  drawn  to  the  corresponding  side. 

When  the  Latissimus  dorsi  acts  upon  the  himierus,  it  depresses  and  draws  it  backward,  and 
at  the  same  time  rotates  it  inward.  It  is  the  muscle  which  is  principally  employed  in  giving  a 
downward  blow,  as  in  felling  a  tree  or  in  sabre  practice.  If  the  arm  be  fixed,  the  muscle  may 
act  in  various  ways  upon  the  trunk;  thus,  it  may  raise  the  lower  ribs  and  assist  in  forcible  inspira- 
tion; or,  if  both  arms  be  fixed,  the  two  muscles  may  assist  the  abdominal  muscles  and  Pectorales 
in  suspending  and  drawing  the  trunk  forward,  as  in  climbing. 

If  the  head  be  fixed,  the  Levator  scapulae  raises  the  medial  angle  of  the  scapula;  if  the  shoulder 
be  fixed,  the  muscle  inclines  the  neck  to  the  corresponding  side  and  rotates  it  in  the  same  direc- 
tion. The  Rhomboidei  carry  the  inferior  angle  backward  and  upward,  thus  producing  a  slight 
rotation  of  the  scapula  upon  the  side  of  the  chest,  the  Rhomboideus  major  acting  especiaUy  on 
the  inferior  angle  of  the  scapula,  through  the  tendinous  arch  by  which  it  is  inserted.  The  Rhom- 
boidei, acting  together  with  the  middle  and  inferior  fibres  of  the  Trapezius,  will  retract  the 
scapula. 


n.    THE  MUSCLES   CONNECTING  THE  UPPER  EXTREMITY   TO   THE 

ANTERIOR   AND  LATERAL  THORAaC  WALLS. 

The  muscles  of  the  anterior  and  lateral  thoracic  regions  are: 

Pectoralis  major.    '  Subclavius. 

Pectoralis  minor.  Serratus  anterior. 

I>is8aetUm  of  Pectoral  Region  and  Axilla  (Fig.  I|8). — The  arm  being  drawn  away  from  the 
side  nearly  at  right  angles  with  the  trunk  and  rotated  outward,  make  a  vertical  incision  through 
the  integument  in  the  median  line  of  the  thorax,  from  the  upper  to  the  lower  part  of  the  sternum; 
a  second  incision  along  the  lower  border  of  the  Pectoralis  major  muscle,  from  the  ensif orm  cartilage 
to  the  inner  side  of  the  aadlla;  a  third,  from  the  sternum  edong  the  clavicle,  as  far  as  its  centre; 
and  a  fourth,  from  the  middle  of  the  clavicle  obliquely  downward,  along  the  interspace  between 
the  Pectoralis  major  and  Deltoideus  muscles,  as  low  as  the  fold  of  the  axilla.  The  flap  of  integu- 
ment IP  then  to  be  dissected  off  in  the  direction  indicated  in  the  figure,  but  not  entirely  removed, 
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S,  Dissection  of 
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1.  Dissection  of 
Pectoral  Region 
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2,  Bend  of  Elbow. 


4:  Forearm. 


as  it  should  be  replaced  on  completing  the  dissection.  If  a  transverse  incision  is  now  made  from 
the  lower  end  of  the  sternum  to  the  side  of  the  thorax,  as  far  as  the  posterior  fold  of  the  axilla, 
and  the  integument  reflected  outward,  the  axillary  space  will  be  more  completely  exposed. 

Superficial  Fascia. — The  superficial  fascia  of  the  anterior  thoracic  region  is  con- 
tinuous with  that  of  the  neck  and  upper  extremity  above,  and  of  the  abdomen 

below.  It  encloses  the  mamma  and 
gives  off  numerous  septa  which  pass 
into  the  gland,  supporting  its  various 
lobes.  From  the  fascia  over  the  front 
of  the  mamma,  fibrous  processes 
pass  forward  to  the  integument  and 
papilla;  these  were  called  by  Sir  A. 
Cooper  the  ligamenta  suspensoria. 

Pectoral  Fascia.  —  The  pectoral 
fascia  is  a  thin  lamina,  covering  the 
surface  of  the  Pectoralis  major,  and 
sending  numerous  prolongations  be- 
tween its  fasciculi:  it  is  attached, 
in  the  middle  line,  to  the  front  of 
the  sternum;  above,  to  the  clavicle; 
laterally  and  below  it  is  continuous 
with  the  fascia  of  the  shoulder,  axilla, 
and  thorax.  It  is  very  thin  over  the 
upper  part  of  the  Pectoralis  major, 
but  thicker  in  the  interval  between 
it  and  the  Latissimus  dorsi,  where 
it  closes  in  the  axillary  space  and 
forms  the  axillary  fascia;  it  divides 
at  the  lateral  margin  of  the  Latis- 
simus dorsi  into  two  layers,  one  of 
which  passes  in  front  of,  and  the 
other  behind  it;  these  proceed  as 
far  as  the  spinous  processes  of  the 
thoracic  vertebrce,  to  which  they  are 
attached.  As  the  fascia  leaves  the  lower  edge  of  the  Pectoralis  major  to  cross 
the  floor  of  the  axilla  it  sends  a  layer  upward  under  cover  of  the  muscle;  this  lamina 
splits  to  envelop  the  Pectoralis  minor,  at  the  upper  edge  of  which  it  is  continuous 
with  the  coracoclavicular  fascia.  The  hollow  of  the  armpit,  seen  when  the  arm 
is  abducted,  is  produced  mainly  by  the  traction  of  this  fascia  on  the  axillary  floor, 
and  hence  the  lamina  is  sometimes  named  the  suspensory  ligament  of  the  axilla. 
At  the  lower  part  of  the  thoracic  region  the  deep  fascia  is  well-developed,  and  is 
continuous  with  the  fibrous  sheaths  of  the  Recti  abdominis. 

AppUed  Anatomy. — In  cases  of  suppuration  in  the  axilla,  the  axillary  fascia  prevents  the  exten- 
sion of  the  pus  in  a  downward  direction,  and  so  it  has  a  tendency  to  spread  upward,  beneath 
the  Pectoral  muscles,  toward  the  root  of  the  neck.  Early  evacuation  is  therefore  necessary. 
The  incision  should  be  made  midway  between  the  anterior  and  posterior  axillary  folds,  so  as  to 
avoid  the  lateral  thoracic  and  subscapular  vessels,  and  the  edge  of  the  knife  should  be  directed 
away  from  the  axillary  vessels. 

The  Pectoralis  major  (Fig.  519)  is  a  thiqji,  triangular  muscle,  situated  at  the 
upper  and  forepart  of  the  chest.  It  arises  from  the  anterior  surface  of  the  sternal 
half  of  the  clavicle;  from  half  the  breadth  of  the  anterior  surface  of  the  sternum, 
as  low  down  as  the  attachment  of  the  cartilage  of  the  sixth  or  seventh  rib;  from  the 
cartilages  of  all  the  true  ribs,  with  the  exception,  frequently,  of  the  first  or  seventh, 
or  both,  and  from  the  aponeurosis  of  the  Obliquus  externus  abdominis.    From  this 
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extensive  origin  the  fibres  converge  toward  their  insertion;  those  arising  from  the 
clavicle  pass  obliquely  downward  and  lateralward,  and  are  usually  separated  from 
the  rest  by  a  slight  interval;  those  from  the  lower  part  of  the  sternum,  and  the 
cartilages  of  the  lower  true  ribs,  run  upward  and  lateralward;  while  the  middle 
Gbres  pass  horizontally.  They  all  end  in  a  fiat  tendon,  about  5  cm.  broad,  which 
IS  iiuerierf  into  the  crest  of  the  greater  tubercle  of  the  humerus.  This  tendon  con- 
sists of  two  laminBe,  placed  one  in  front  of  the  other,  and  usually  blended  together 
below.  The  anterior  lamina,  the  thicker,  receives  the  clavicular  and  the  uppermost 


Fia.  519. — SuperficLftI  miuclea  of  the  cheat  «nd  front  of  ibe  arm. 

Sternal  fibres;  they  are  inserted  in  the  same  order  as  that  in  which  they  arise: 
tint  is  to  say',  the  most  lateral  of  the  clavicular  fibres  are  inserted  at  the  upper 
P»rt  of  the  anterior  lamina;  the  uppermost  sternal  fibres  pass  down  to  the  lower 
part  of  the  lamina  which  extends  as  low  as  the  tendon  of  the  Deltoideus  and  joins 
'"ilh  it.  The  posterior  lamina  of  the  tendon  receives  the  attachment  of  the  greater 
part  of  the  sternal  portion  and  the  deep  fibres,  t.  e.,  those  from  the  costal  cartilages. 
These  deep  fibres,  and  particularly  those  from  the  lower  costal  cartilages,  ascend 
the  higher,  turning  backward  successively  behind  the  superficial  and  upper  ones. 


I 

528  MYOLOGY 


so  that  the  tendon  appears  to  be  twisted.  The  posterior  launina  reaches  higher 
on  the  humerus  than  the  anterior  one,  and  from  it  an  expansia»n  is  given  off  which 
covers  the  intertubercular  groove  and  blends  with  the  capsvile  of  the  shoulder- 
joint.  From  the  deepest  fibres  of  this  lamina  at  its  insertion  an^  expansion  is  given 
off  which  lines  the  intertubercular  groove,  while  from  the  lower  bolder  of  the  tendon 
a  third  expansion  passes  downward  to  the  fascia  of  the  arm. 

Be]Ati(m8. — ^The  Pectoralis  major  is  in  relation  by  its  anterior  surface  with  the  int^ument,  the 
superficial  fascia,  the  Platysma,  the  anterior  and  middle  supraclavicular  nerves,  the  mamma, 
and  the  deep  fascia;  by  its  posterior  surface,  with  the  stemiun,  the  ribs  and  costal  cartilages,  the 
coracoclavicular  fascia,  the  Subclavius,  Pectoralis  minor,  Serratus  anterior,  and  the  Intercostales; 
it  forms  the  anterior  wall  of  the  axillary  space,  and  covers  the  axillary  vessels  and  nerves  and 
the  Biceps  brachii  and  Coracobrachialis.  Its  upper  border  lies  parallel  with  the  Deltoideus,  from 
which  it  is  separated  by  a  slight  interspace  in  which  lie  the  cephalic  vein  and  deltoid  branch  of 
the  thoracoacromial  artery.  Its  lou>er  border  iorms  the  anterior  fold  of  the  axilla,  being  s^arated 
medially  from  the  Latissimus  dorsi  by  a  considerable  interval;  but  the  two  muscles  gradually 
converge  toward  the  lateral  part  of  the  space. 

Dissectioii. — Detach  the  Pectoralis  major  by  dividing  the  muscle  along  its  attachment  to  the 
clavicle,  and  by  making  a  vertical  incision  through  its  substance  a  little  esctemal  to  its  line  of 
attachment  to  the  stemiun  and  costal  cartilages.  The  muscle  should  then  be  reflected  outward, 
and  its  tendon  carefully  examined.  The  Pectoralis  minor  is  now  exposed,  and  immediately 
above  it,  in  the  interval  between  its  upper  border  and  the  clavicle,  a  strong  fascia,  the  coraco- 
clavicular fascia. 

Coracoclavicular  Fascia  (fascia  coracoclavicularis;  costocoracoid  membrane;  davi- 
pectoral  fascia). — ^The  coracoclavicular  fascia  is  a  strong  fascia  situated  under 
cover  of  the  clavicular  portion  of  the  Pectoralis  major.  It  occupies  the  interval 
between  the  Pectoralis  minor  and  Subclavius,  and  protects  the  axillarj'^  vessels 
and  nerves.  Traced  upward,  it  splits  to  enclose  the  Subclavius,  and  its  two  layers 
are  attached  to  the  clavicle,  one  in  front  of  and  the  other  behind  the  muscle;  the 
latter  layer  fuses  with  the  deep  cervical  fascia  and  with  the  sheath  of  the  axillary 
vessels.  Medially,  it  blends  with  the  fascia  covering  the  first  two  intercostal 
spaces,  and  is  attached  also  to  the  first  rib  medial  to  the  origin  of  the  Subclavius. 
Laterally,  it  is  very  thick  and  dense,  and  is  attached  to  the  coracoid  process. 
The  portion  extending  from  the  first  rib  to  the  coracoid  process  is  often  whiter  and 
denser  than  the  rest,  and  is  sometimes  called  the  costocoracoid  ligament.  Below 
this  it  is  thin,  and  at  the  upper  border  of  the  Pectoralis  minor  it  splits  into  two 
layers  to  invest  the  muscle;  from  the  lower  border  of  the  Pectoralis  minor  it  is 
continued  downward  to  join  the  axillary  fascia,  and  lateralward  to  join  the  fascia 
over  the  short  head  of  the  Biceps  brachii.  The  coracoclavicular  fascia  is  pierced 
by  the  cephalic  vein,  thoracoacromial  artery  and  vein,  and  external  anterior 
thoracic  nerve. 

The  Pectoralis  minor  (Fig.  520)  is  a  thin,  triangular  muscle,  situated  at  the 
upper  part  of  the  thorax,  beneath  the  Pectoralis  major.  It  arises  from  the  upper 
margins  and  outer  surfaces  of  the  third,  fourth,  and  fifth  ribs,  near  their  cartUage 
and  from  the  aponeuroses  covering  the  Intercostalis;  the  fibres  pass  upward  and 
lateralward  and  converge  to  form  a  flat  tendon,  which  is  inserted  into  the  medial 
border  and  upper  surface  of  the  coracoid  process  of  the  scapula. 

Belations. — By  its  anterior  surface  it  is  in  relation  with  the  Pectoralis  major,  the  lateral 
anterior  thoracic  nerve,  and  the  pectoral  branch  of  the  thoracoacromial  artery;  by  its  posterior 
surface,  with  the  ribs,  Intercostales,  Serratus  anterior,  the  axillary  space,  and  the  axillaiy  vessels 
and  brachial  plexus  of  nerves.  Its  upper  border  is  separated  from  the  clavicle  by  a  narrow  tri- 
angular interval  occupied  by  the  coracoclavicular  fascia,  behind  which  are  the  axillary  vessels 
and  nerves.  Running  parallel  to  the  lower  border  of  the  muscle  is  the  lateral  thoracic  artery, 
and  piercing  the  muscle  is  the  medial  anterior  thoracic  nerve. 

The  Subclavius  (Fig.  520)  is  a  small  triangular  muscle,  placed  between  the 
clavicle  and  the  first  rib.  It  arises  by  a  short,  thick  tendon  from  the  first  rib  and 
its  cartilage  at  their  junction,  in  front  of  the  costoclavicular  ligament;  the  fleshy 
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fibres  proceed  obliquely  upward  and  lateralward,  to  be  inserted  into  the  groove 
on  the  under  surface  of  the  clavicle  between  the  costoclavicular  and  conoid 
ligaments. 

Brittioiu. — Its  deep  ntrface  is  separated  from  the  first  rib  by  the  Hubclaviau  vessels  and  brachUt 
pleius  ot  Derves.  Its  anterior  iurfaee  is  separated  from  the  Pectoralis  major  by  the  coraco- 
cUviculftT  fascia,  which,  with  the  clavicle,  forms  an  osseofibrous  sheath  for  the  muBcle. 

The  Semtas  anterior  {Serratus  magnus)  (Fig.  520)  is  a  thin  muscular  sheet, 
situated  between  the  ribs  and  the  scapula  at  the  upper  and  lateral  part  of 
the  chest.  It  arises  by  fleshy  digitations  from  the  outer  surfaces  and  superior 
borders  of  the  upper  eight  or  nine  ribs,  and  from  the  aponeuroses  covering  the 
intervening  Intercostales.     Each  digitation  (except  the  first)   arises   from  the 


corresponding  rib;  the  first  springs  from  the  first  and  second  ribs;  and  from  the  fascia 
covering  the  first  intercostal  space.  From  this  extensive  attachment  the  fibres 
pass  backward,  closely  applied  to  the  chest-wall,  and  reach  the  vertebral  border 
of  the  scapula,  and  are  inserted  into  its  ventral  surface  in  the  following  manner. 
The  first  dictation  is  inserted  into  a  triangular  area  on  the  ventral  surface  of  the 
medial  angle.  The  next  two  digitations  spread  out  to  form  a  thin,  triangular 
sheet,  the  base  of  which  is  directed  backward  and  is  inserted  into  nearly  the  whole 
length  of  the  ventral  surface  of  the  vertebral  border.  The  lower  five  or  six  digita- 
tions eonvei^e  to  form  a  fan-shaped  mass,  the  apex  of  which  is  inserted,  by  muscular 
and  tendinous  fibres,  into  a  triangular  impression  on  the  ventral  surface  of  the 
inferior  angle.  The  lower  four  slips  interdigitate  at  their  origins  with  the  upper 
five  slips  of  the  Obliquus  externus  abdominis. 


530  MYOLOGY 

BelAtioiui. — This  muscle  is  partly  covered,  in  front,  by  the  Pectorales  and  by  the  mamma: 
behind,  by  the  Subscapularis.  The  axillary  vessels  and  nerves  lie  upon  its  upper  part,  while  its 
deep  surface  rests  upon  the  ribs  and  Intercostales. 

Nerres. — The  Pectoralis  major  is  supplied  by  the  medial  and  lateral  anterior  thoracic  ner\'es; 
through  these  nerves  the  muscle  receives  filaments  from  aU  the  spinal  nerves  entering  into  the 
formation  of  the  brachial  plexus;  the  Pectoralis  minor  receives  its  fibres  from  the  eighth  cervical 
and  first  thoracic  nerves  through  the  medial  anterior  thoracic  nerve.  The  Subclavius  is  suplied 
by  a  filament  from  the  fifth  and  sixth  cervical  nerves;  the  Serratus  anterior  is  supplied  by  the 
long  thoracic,  which  is  derived  from  the  fifth,  sixth,  and  seventh  cervical  nerves. 

Actions. — If  the  arm  has  been  raised  by  the  Deltoideus,  the  Pectoralis  major  will,  conjointly 
with  the  Latissimus  dorsi  and  Teres  major,  depress  it  to  the  side  of  the  chest.  If  acting  alone, 
it  adducts  and  draws  forward  the  arm,  bringing  it  across  the  front  of  the  chest,  and  at  the  same 
time  rotates  it  inward.  The  Pectoralis  minor  depresses  the  point  of  the  shoulder,  drawing  the 
scapula  downward  and  medialward  toward  the  thorax,  and  throwing  the  inferior  angle  back- 
ward. The  Subclavius  depresses  the  shoulder,  carrying  it  downward  and  forward.  When  the 
arms  are  fixed,  all  three  of  these  muscles  act  upon  the  ribs;  drawing  them  upward  and  expand- 
ing the  chest,  and  thus  becoming  very  important  agents  in  forced  inspiration.  The  Serratus 
anterior,  as  a  whole,  carries  the  scapula  forward,  and  at  the  same  time  raises  the  vertebral  border 
of  the  bone.  It  is  therefore  concerned  in  the  action  of  pushing.  Its  lower  and  stronger  fibres 
move  forward  the  lower  angle  and  assist  the  Trapezius  in  rotating  the  bone  at  the  sternoclavicular 
joint,  and  thus  assist  this  muscle  in  raising  the  acromion  and  supporting  weights  upon  the  shoulder. 
It  is  also  an  assistant  to  the  Deltoideus  in  raising  the  arm,  inasmuch  as  during  the  action  of  this 
latter  muscle  it  fixes  the  scapula  and  so  steadies  the  glenoid  cavity  on  which  the  head  of  the 
hthnerus  rotates.  After  the  Deltoideus  has  raised  the  arm  to  a  right  angle  with  the  trunk,  the 
Serratus  anterior  and  the  Trapezius,  by  rotating  the  scapula,  raise  the  arm  into  an  almost  vertical 
position.  It  is  possible  that  when  the  shoulders  are  fixed  the  lower  fibres  of  the  Serratus  anterior 
may  assist  in  raising  and  everting  the  ribs;  but  it  is  not  the  important  inspiratory  muscle  it  was 
formerly  beUeved  to  be. 

Applied  Anatomy. — When  the  Serratus  anterior  is  paralyzed,  the  vertebral  border,  and  especially 
the  lower  angle  of  the  scapula,  leave  the  ribs  and  stand  out  prominently  on  the  siurface,  giving 
a  peculiar  "winged"  appearance  to  the  back  (p.  309).  The  patient  is  unable  to  raise  the  arm. 
and  an  attempt  to  do  so  is  followed  by  a  further  projection  of  the  lower  angle  of  the  scapula 
from  the  back  of  the  thorax. 


m.    THE  MUSCLES   AND   FASCIA  OF  THE  SHOULDER. 

In  this  group  are  included: 

Deltoideus.  Infraspinatus. 

Subscapularis.  Teres  minor. 

Supraspinatus.  Teres  major. 

Di8S6Ction. — ^After  completing  the  dissection  of  the  axilla,  if  the  muscles  of  the  back  have 
been  dissected,  the  upper  extremity  should  be  separated  from  the  trunk.  Saw  through  the 
clavicle  at  its  centre,  and  then  cut  through  the  muscles  which  connect  the  scapula  and  arm  with 
the  trunk — viz.,  the  Pectoralis  minor  in  front,  Serratus  anterior  at  the  side,  and  the  Levator 
anguli,  the  Rhomboideus,  Trapezius,  and  Latissimus  dorsi  behind.  These  muscles  should  be 
cleaned  and  traced  to  their  respective  insertions.  Then  make  an  incision  through  the  integu- 
ment, commencing  at  the  outer  third  of  the  clavicle,  and  extending  along  the  margin  of  that  bone, 
the  acromion  process,  and  spine  of  the  scapula;  the  integument  should  be  dissected  from  above 
downward  and  outward,  when  the  fascia  covering  the  Deltoideus  will  be  exposed  (Fig.  518, 
No.  3). 

Deep  Fascia. — ^The  deep  fascia  covering  the  Deltoideus  invests  the  muscle,  and 
sends  numerous  septa  between  its  fasciculi.  In  front  it  is  continuous  with  the  fascia 
covering  the  Pectoralis  major;  behind,  where  it  is  thick  and  strong,  with  that 
covering  the  Infraspinatus;  above,  it  is  attached  to  the  clavicle,  the  acromion, 
and  the  spine  of  the  scapula;  below,  it  is  continuous  with  the  deep  fascia  of  the 
arm. 

The  Deltoideus  (Deltoid  muscle)  (Fig.  519)  is  a  large,  thick,  triangular  musc^le,  which 
covers  the  shoulder-joint  in  front,  behind,  and  laterally.  It  arises  from  th(i  anterior 
border  and  upper  surface  of  the  lateral  third  of  the  clavicle;  from  the  later^J  margin 
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and  upper  surface  of  the  acromion,  and  from  the  lower  lip  of  the  posterior  border 
of  the  spine  of  the  scapula,  as  far  back  as  the  triangular  surface  at  its  medial  end. 
From  this  extensive  origin  the  fibres  converge  toward  their  insertion,  the  middle 
passing  vertically,  the  anterior  obliquely  backward  and  lateralward,  the  posterior 
obliquely  forward  and  lateralward;  they  unite  in  a  thick  tendon,  which  is  inserted 
into  the  deltoid  prominence  on  the  middle  of  the  lateral  side  of  the  body  of  the 
humerus.  At  its  insertion  the  muscle  gives  off  an  expansion  to  the  deep  fascia  of 
the  arm.  This  muscle  is  remarkably  coarse  in  texture,  and  the  arrangement  of 
its  fibres  is  somewhat  peculiar;  the  central  portion  of  the  muscle — that  is  to  say, 
the  part  arising  from  the  acromion — consists  of  oblique  fibres;  these  arise  in  a 
bipenniform  manner  from  the  sides  of  the  tendinous  intersections,  generally  four 
in  number,  which  are  attached  above  to  the  acromion  and  pass  downward  parallel 
to  one  another  in  the  substance  of  the  muscle.  The  oblique  fibres  thus  formed  are 
inserted  into  similar  tendinous  intersection^,  generally  three  in  number,  which 
pass  upward  from  the  insertion  of  the  muscle  and  alternate  with  the  descending 
septa.  The  portions  of  the  muscle  arising  from  the  clavicle  and  spine  of  the  scapula 
are  not  arranged  in  this  manner,  but  are  inserted  into  the  margins  of  the  inferior 
tendon. 

Bdatkms. — The  Deltoideus  is  in  relation  by  its  superficial  surface  with  the  integument,  the 
superficial  and  deep  fascise,  Platysma,  and  posterior  supraclavicular  nerves.  Its  deep  surface 
is  separated  from  the  capsule  of  the  shoulder-joint  by  a  large  bursa,  and  covers  the  coracoid 
process,  coracoacromial  ligament,  Pectoralis  minor,  Coracobrachialis,  both  heads  of  the  Biceps 
bnchii,  the  tendon  of  the  Pectoralis  major,  the  insertions  of  the  Supraspinatus,  Infraspinatus, 
and  Teres  minor,  the  long  and  lateral  heads  of  the  Triceps  brachii,  the  humeral  circumflex  vessels, 
the  axillary  nerve,  and  the  upper  part  of  the  body  of  the  humerus.  Its  anterior  border  is  separated 
at  its  upper  part  from  the  Pectoralis  major  by  a  narrow  interval,  which  lodges  the  cephalic  vein 
and  deltoid  branch  of  the  thoracoacromial  artery;  lower  down  the  two  muscles  are  in  close  contact. 
Its  posterior  border  rests  on  the  Infraspinatus  and  Triceps. 

Nerves. — ^The  Deltoideus  is  supplied  by  the  fifth  and  sixth  cervical  through  the  axillary  nerve. 

ActioikB. — The  Deltoideus  raises  the  arm  from  the  side,  so  as  to  bring  it  at  right  angles  with 
the  trunk.  Its  anterior  fibres,  assisted  by  the  Pectoralis  major,  draw  the  arm  forward;  and  its 
posterior  fibres,  aided  by  the  Teres  major  and  Latissimus  dorsi,  draw  it  backward. 

Ajq^ed  Anatomy. — The  Deltoideus  is  very  liable  to  atrophy,  and  in  this  condition  dislocation 
of  the  shoulder-joints  is  simulated,  as  there  is  flattening  of  the  shoulder  and  apparent  prominence 
of  the  acromion;  the  distance  also  between  the  acromion  and  the  head  of  the  bone  is  increased, 
and  the  tips  of  the  fingers  can  be  inserted  between  them.  Atrophy  of  the  Deltoideus  may  be 
due  to  disuse,  such  as  follows  chronic  arthritis  or  permanent  injury  of  the  shoulder-joint.  It 
also  frequently  results  from  degenerations  occurring  in  the  medulla  spinalis,  or  injury  to  the 
axillary  nerve  ("crutch  palsy").  The  Deltoideus,  Supraspinatus,  and  Infraspinatus  often  escape 
in  myopathic  atrophies  affecting  the  other  muscles  of  the  upper  arm  or  shoulder  in  young  persons. 

IMaseetioii. — Divide  the  Deltoideus  across,  near  its  upper  part,  by  an  incision  carried  along  the 
margin  of  the  clavicle,  the  acromion  process  and«pine  of  the  scapula,  and  reflect  it  downward, 
when  the  structures  imder  cover  of  it  will  be  seen. 

Subscapular  Fascia  {fascia  subscapularis) . — The  subscapular  fascia  is  a  thin 
membrane  attached  to  the  entire  circumference  of  the  subscapular  fossa,  and 
affording  attachment  by  its  deep  surface  to  some  of  the  fibres  of  the  Sub- 
scapularis. 

The  Subscapularis  (Fig.  520)  is  a  large  triangular  muscle  which  fills  the  sub- 
scapular fossa,  and  arises  from  its  medial  two-thirds  and  from  the  lower  two- 
thirds  of  the  groove  on  the  axillary  border  of  the  bone.    Some  fibres  arise  from 
tendinous  laminae  which  intersect  the  muscle  and  are  attached  to  ridges  on  the 
bone;  others  from  an  aponeurosis,  which  separates  the  muscle  from  the  Teres 
major  and  the  long  head  of  the  Triceps  brachii.    The  fibres  pass  lateralward, 
and,  gradually  converging,  end  in  a  tendon  which  is  inserted  into  the  lesser  tubercle 
of  the*  humerus  and  the  front  of  the  capsule  of  the  shoulder-joint.    The  tendon 
of  the  muscle  is  separated  from  the  neck  of  the  scapula  by  a  large  bursa,  which 
communicates  with  the  cavity  of  the  shoulder-joint  through  an  aperture  in  the 
capsule. 


/ 
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EaUtianjI. — The  anterior  surface  o(  this  muscle  forms  a  considerable  part  of  the  posterior  wall 
of  the  axilla,  and  is  in  relation  with  the  Serratus  anterior,  Coracobrachialis,  and  Biceps  brachij, 
the  axillary  vessels  and  brachial  plexus  of  nerves,  and  the  subscapular  vessels  and  nerves.  Its 
poslerior  sarface  is  in  relation  with  the  scapula  and  the  capsule  of  the  shoulder-joint.  Its  lower 
border  is  in  contact  with  the  Teres  major  and  LatisBimua  dorsi. 

Nems. — The  Subsct4>ulari8  is  supplied  by  the  fifth  and  sixth  cervical  nerves  through  the 
upper  and  lower  subscapular  nerves. 

Actiona. — The  Subscapular  is  rotates  the  head  of  the  humerus  inward;  when  the  arm  is  raised, 
it  draws  the  humerus  forward  and  downward.  It  is  a  powerful  defence  to  the  front  of  the  shoulder- 
joint,  preventing  displacement  of  the  head  of  the  humerus. 

DiBBSctioiL — To  expose  these  muscles,  and  to  examine  their  insertion  into  the  humerus,  detach 
the  Deltoideus  and  Trapezius  from  their  attachment  to  the  spine  of  the  scapula  and  acromion 
process.  Remove  the  clavicle  by  dividing  the  ligaments  connecting  it  with  the  coracoid  process, 
and  separate  it  at  its  articulation  with  the  scapula;  divide  the  acromion  process  near  its  root 
with  B  saw.  The  fragments  being  removed,  the  tendons  of  the  posterior  Scapular  muscles  will 
be  fully  exposed.    A  block  should  be  placed  beneath  the  shoulder-jomt,  so  as  to  make  the  muscles 
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Saprupinatoiu  Fascia  (Jaada  supraspimxta). — The  supraspinatous  fascia  com- 
pletes the  osseofibrous  case  in  which  the  Supraspinatus  muscle  is  contained;  it 
affords  attachment,  by  its  deep  surface,  to  some  of  the  fibres  of  the  muscle.  It  is 
thick  medially,  but  thinner  laterally  under  the  coracoacromial  ligament. 

The  Sapnspinatus  (Fig.  521)  occupies  the  whole  of  the  supraspinatous  fossa, 
arising  from  its  medial  two-thirds,  and  from,  the  strong  supraspinatous  fascia. 
The  muscular  fibres  converge  to  a  tendon,  which  crosses  the  upper  part  of  the 
shoulder-joint,  and  is  inserted  into  the  highest  of  the  three  impressions  on  the 
greater  tubercle  of  the  humerus;  the  tendon  is  intimately  adherent  to  the  capsule 
of  the  shoulder-joint. 
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Iniraspmatous  Fascia  (fascia  infra^yitiata), — ^The  infraspinatous  fascia  is  a  dense 
fibrous  membrane,  covering  the  Infraspinatous  muscle  and  fixed  to  the  circumfer- 
ence of  the  infraspinatous  fossa;  it  affords  attachment,  by  its  deep  surface,  to  some 
fibres  of  that  muscle.  It  is  intimately  attached  to  the  deltoid  fascia  along  the  over- 
lapping border  of  the  Deltoideus. 

The  Infraspinatas  (Fig.  521)  is  a  thick  triangular  muscle,  which  occupies  the 
chief  part  of  the  infraspinatous  fossa;  it  arises  by  fleshy  fibres  from  its  medial  two- 
thirds,  and  by  tendinous  fibres  from  the  ridges  on  its  surface;  it  also  arises  from 
the  infraspinatous  fascia  which  covers  it,  and  separates  it  from  the  Teretes  major 
and  minor.  The  fibres  converge  to  a  tendon,  which  glides  over  the  lateral  border 
of  the  spine  of  the  scapula,  and,  passing  across  the  posterior  part  of  the  capsule  of 
the  shoulder-joint,  is  inserted  into  the  middle  impression  on  the  greater  tubercle 
of  the  humerus.  The  tendon  of  this  muscle  is  sometimes  separated  from  the 
capsule  of  the  shoulder-joint  by  a  bursa,  which  may  communicate  with  the  joint 
cavity. 

The  Teres  minor  (Fig.  521)  is  a  narrow,  elongated  muscle,  which  arises  from 
the  dorsal  surface  of  the  axillary  border  of  the  scapula  for  the  upper  two-thirds  of 
its  extent,  and  from  two  aponeurotic  laminae,  one  of  which  separates  it  from  the 
Infraspinatus,  the  other  from  the  Teres  major.  Its  fibres  run  obliquely  upward 
and  lateralward;  the  upper  ones  end  in  a  tendon  which  is  inserted  into  the  lowest 
of  the  three  impressions  on  the  greater  tubercle  of  the  humerus;  the  lowest  fibres 
are  inserted  directly  into  the  humerus  immediately  below  this  impression.  The 
tendon  of  this  muscle  passes  across,  and  is  united  with,  the  posterior  part  of  the 
capsule  of  the  shoulder-joint. 

The  Teres  major  (Fig.  521)  is  a  thick  but  somewhat  flattened  muscle,  which 
arises  from  the  oval  area  on  the  dorsal  surface  of  the  inferior  angle  of  the  scapula, 
and  from  the  fibrous  septa  interposed  between  the  muscle  and  the  Teres  minor 
and  Infraspinatus;  the  fibres  are  directed  upward  and  lateralward,  and  end  in  a 
flat  tendon,  about  5  cm.  long,  which  is  inserted  into  the  crest  of  the  lesser  tubercle 
of  the  humerus.  The  tendon,  at  its  insertion,  lies  behind  that  of  the  Latissimus 
dorsi,  from  which  it  is  separated  by  a  bursa,  the  two  tendons  being,  however, 
united  along  their  lower  borders  for  a  short  distance. 

Kerres. — ^The  Supraspinatus  and  Infraspinatus  are  supplied  by  the  fifth  and  sixth  cervical 
nerves  through  the  suprascapular  nerve;  the  Teres  minor,  by  the  fifth  cervical,  through  the 
axillary;  and  the  Teres  major,  by  the  fifth  and  sixth  cervical,  through  the  lowest  subscapular. 

Aetions. — The  Supraspinatus  assists  the  Deltoideus  in  raising  the  arm  from  the  side  of  the 
trunk  and  fixes  the  head  of  the  humerus  in  the  glenoid  cavity.  The  Infraspinatus  and  Teres 
nunor  rotate  the  head  of  the  humerus  outward;  they  also  assist  in  carrying  the  arm  backward. 
One  of  the  most  important  uses  of  these  three  muscles  is  to  protect  the  shoulder-joint,  the  Supra- 
spinatus supporting  it  above,  and  the  Infraspinatus  and  Teres  minor  behind.  The  Teres  major 
MBists  the  Latissimus  dorsi  in  drawing  the  previously  raised  humerus  downward  £uid  backward, 
and  in  rotating  it  inward;  when  the  arm  is  fixed  it  may  assist  the  Pectorales  and  the  Latissimus 
dorsi  in  drawing  the  tnmk  forward. 


IV.    THE  MUSCLES   AND   FASCIiE   OF   THE   ARM. 

The  muscles  of  the  arm  are: 

€oracobrachialis.  Brachialis. 

Biceps  brachii.  Triceps  brachii. 

^^■•ctioii. — The  arm  being  placed  on  the  table,  with  the  front  surface  uppermost,  make 
*  vertical  incision  through  the  integument  along  the  middle  line,  from  the  clavicle  to  about 
two  bches  below  the  elbow-joint,  where  it  should  be  joined  by  a  transverse  incision,  extending 
'romthe  inner  to  the  outer  side  of  the  forearm;  the  two  flaps  being  reflected  on  either  side,  the 
faacia  should  be  examined  (Fig.  518). 
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Brachial  Fascia  (fascia  brackii;  deep  fascia  of  the  arm). — ^The  brachial  fascia  is 
continuous  with  that  covering  the  Deltoideus  and  the  Pectoralis  major,  by  means 
of  which  it  is  attached,  above,  to  the  clavicle,  acromion,  and  spine  of  the  scapula; 
it  forms  a  thin,  loose,  membranous  sheath  for  the  muscles  of  the  arm,  and  sends 
septa  between  them;  it  is  composed  of  fibres  disposed  in  a  circular  or  spiral  direc- 
tion, and  connected  together  by  vertical  and  oblique  fibres.  It  differs  in  thickness 
at  different  parts,  being  thin  over  the  Biceps  brachii,  but  thicker  where  it  covers 
the  Triceps  brachii,  and  over  the  epicondyles  of  the  humerus:  it  is  strengthened 
by  fibrous  aponeuroses,  derived  from  the  Pectoralis  major  and  Latissimus  dorsi 
medially,  and  from  the  Deltoideus  laterally.  On  either  side  it  gives  off  a  strong 
intermuscular  septum,  which  is  attached  to  the  corresponding  supracondylar 
ridge  and  epicondyle  of  the  humerus.  The  lateral  intermuscular  septum  extends 
from  the  lower  part  of  the  crest  of  the  greater  tubercle,  along  the  lateral  supra- 
condylar ridge,  to  the  lateral  epicondyle;  it  is  blended  with  the  tendon  of  the  Del- 
toideus, gives  attachment  to  the  Triceps  brachii  behind,  to  the  Brachialis,  Brachio- 
radialis,  and  Extensor  carpi  radialis  longus  in  front,  and  is  perforated  by  the  radial 
nerve  and  profunda  branch  of  the  brachial  artery.  The  medial  intermuscular 
septum,  thicker  than  the  preceding,  extends  from  the  lower  part  of  the  crest  of 
the  lesser  tubercle  of  the  humerus  below  the  Teres  major,  along  the  medial  supra- 
condylar ridge  to  the  medial  epicondyle;  it  is  blended  with  the  tendon  of  the 
Coracobrachialis,  and  affords  attachment  to  the  Triceps  brachii  behind  and  the 
Brachialis  in  front.  It  is  perforated  by  the  ulnar  nerve,  the  superior  ulnar 
collateral  artery,  and  the  posterior  branch  of  the  inferior  ulnar  collateral  artery. 
At  the  elbow,  the  deep  fascia  is  attached  to  the  epicondyles  of  the  humerus  and 
the  olecranon  of  the  ulna,  and  is  continuous  with  the  deep  fascia  of  the  forearm. 
Just  below  the  middle  of  the  arm,  on  its  medial  side,  is  an  oval  opening  in  the  deep 
fascia,  which  transmits  the  basilic  vein  and  some  lymphatic  vessels. 

The  Coracobrachialis  (Fig.  520),  the  smallest  of  the  three  muscles  in  this  region, 
is  situated  at  the  upper  and  medial  part  of  the  arm.  It  arises  from  the  apex  of 
the  coracoid  process,  in  common  with  the  short  head  of  the  Biceps  brachii,  and  from 
the  intermuscular  septum  between  the  two  muscles;  it  is  inserted  by  means  of  a  flat 
tendon  into  an  impression  at  the  middle  of  the  medial  siu^ace  and  border  of  the 
body  of  the  humerus  between  the  origins  of  the  Triceps  brachii  and  Brachialis. 
It  is  perforated  by  the  musculocutaneous  nerve. 

Relations. — The  Coracobrachialis  is  in  relation,  in  front,  with  the  Pectoralis  major  above, 
and  at  its  insertion  with  the  brachial  vessels  and  median  nerve  which  cross  it;  behind,  with  the 
tendons  of  the  Subscapularis,  Latissimus  dorsi,  and  Teres  major,  the  medial  head  of  the  Triceps 
brachii,  the  humerus,  and  the  anterior  humeral  circumflex  vessels;  by  its  medial  border,  with  the 
third  part  of  the  axillary  and  upper  part  of  the  brachial  artery  and  the  median  and  musculo- 
cutaneous nerves;  by  its  lateral  border,  with  the  short  head  of  the  Biceps  brachii  and  Brachialis. 

The  Biceps  brachii  {Biceps;  Biceps  flexor  ciibiti)  (Fig.  520)  is  a  long  fusiform 
muscle,  placed  on  the  front  of  the  arm,  and  arising  by  two  heads,  from  which 
circumstance  it  has  received  its  name.  The  short  head  arises  by  a  thick  flattened 
tendon  from  the  apex  of  the  coracoid  process,  in  common  with  the  Coracobrachialis. 
The  long  head  arises  from  the  supraglenoid  tuberosity  at  the  upper  margin  of  the 
glenoid  cavity,  and  is  continuous  with  the  glenoidal  labrum.  This  tendon,  enclosed 
in  a  special  sheath  of  the  synovial  membrane  of  the  shoulder-joint,  arches  over 
the  head  of  the  humerus;  it  emerges  from  the  capsule  through  an  opening  close 
to  the  humeral  attachment  of  the  ligament,  and  descends  in  the  intertubercular 
groove;  it  is  retained  in  the  groove  by  the  transverse  humeral  ligament  and  by  a 
fibrous  prolongation  from  the  tendon  of  the  Pectoralis  major.  Each  tendon  is 
succeeded  by  an  elongated  muscular  belly,  and  the  two  bellies,  although  closely- 
applied  to  each  other,  can  readily  be  separated  until  within  about  7.5  cm.  of  the 
elbow-joint.    Here  they  end  in  a  flattened  tendon,  which  is  inserted  into  the  rough 
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posterior  x)ortion  of  the  tuberosity  of  the  radius,  a  bursa  being  interposed  between 
the  tendon  and  the  front  part  of  the  tuberosity.  As  the  tendon  of  the  muscle 
approaches  the  radius  it  is  twisted  upon  itself,  so  that  its  anterior  surface  becomes 
lateral  and  is  applied  to  the  tuberosity  of  the  radius  at  its  insertion.  Opposite 
the  bend  of  the  elbow  the  tendon  gives  off,  from  its  medial  side,  a  broad  aponeu- 
rosis, the  lacertus  flbrosus  {bicipital  fascia)  which  passes  obliquely  downward  and 
medialward  across  the  brachial  artery,  and  is  continuous  with  the  deep  fascia 
covering  the  origins  of  the  Flexor  muscles  of  the  forearm  (Fig.  519). 

A  third  head  to  the  Biceps  brachii  is  occasionally  found,  arising  at  the  upper  and  medial  part 
of  the  Brachialis,  with  the  fibres  of  which  it  is  continuous,  and  inserted  into  the  lacertus  fibrosus 
and  medial  side  of  the  tendon  of  the  muscle.  In  most  cases  this  additional  slip  lies  behind  the 
brachial  artery  in  its  course  down  the  arm.  In  some  instances  the  third  head  consists  of  two 
slips,  which  pass  down,  one  in  front  of  and  the  other  behind  the  artery,  concealing  the  vessel  in  the 
lower  half  of  the  arm. 

SelatioiiB. — The  Biceps  brachii  is  overlapped  above  by  the  Pectoralis  major  and  Deltoideus; 
in  the  rest  of  its  extent  it  is  covered  by  the  superficial  and  deep  fasciae  and  the  integument.  It 
rests  above  on  the  shoulder-joint  and  upper  part  of  the  humerus;  below,  it  lies  on  the  Brachialis, 
the  musculocutaneous  nerve,  and  the  Supinator.  Its  medial  border  is  in  relation  with  the  Coraco- 
brachialis,  and  overlaps  the  brachial  vessels  and  median  nerve;  its  lateral  border,  with  the  Del- 
toideus and  Brachioradialis. 

The  Brachialis  {Brachialis  anticus)  (Fig.  520)  covers  the  front  of  the  elbow-joint 
and  the  lower  half  of  the  humerus.  It  arises  from  the  lower  half  of  the  front 
of  the  humerus,  commencing  above  at  the  insertion  of  the  Deltoideus,  which  it 
embraces  by  two  angular  processes.  Its  origin  extends  below  to  within  2.5  cm. 
of  the  margin  of  the  articular  surface.  It  also  arises  from  the  intermuscular  septa, 
but  more  extensively  from  the  medial  than  the  lateral;  it  is  separated  from  the 
lateral  below  by  the  Brachioradialis  and  Extensor  carpi  radialis  longus.  Its  fibres 
converge  to  a  thick  tendon,  which  is  inserted  into  the  tuberosity  of  the  ulna  and 
the  rough  depression  on  the  anterior  surface  of  the  coronoid  process. 

BeUtions. — The  Brachialis  is  in  relation,  in  fronts  with  the  Biceps  brachii,  the  brachial  vessels, 
musculocutaneous  and  median  nerves;  behind^  with  the  humerus  and  front  of  the  elbow-joint; 
by  its  medial  border,  with  the  Triceps  brachii,  ulnar  nerve,  and  Pronator  teres,  from  which  it  is 
separated  by  the  intermuscular  septum:  by  its  lateral  border,  with  the  radial  nerve,  radial  recurrent 
artery,  the  Brachioradialis  and  Extensor  carpi  radialis  longus. 

Nerres. — ^The  Coracobrachialis,  Biceps  brachii  and  Brachialis  are  supplied  by  the  musculo- 
cutaneous ^erve;  the  Brachialis  usually  receives  an  additional  filament  from  the  radial.  The 
Coracobrachialis  receives  its  supply  primarily  from  the  seventh  cervical,  the  Biceps  brachii  and 
Brachialis  from  the  fifth  and  sixth  cervical  nerves. 

Aetkona. — The  Coracobrachialis  draws  the  humerus  forward  and  medialward,  and  at  the 
same  time  assists  in  retaining  the  head  of  the  bone  in  contact  with  the  glenoid  cavity.    The 
Biceps  brachii  is  a  flexor  of  the  elbow  and,  to  a  less  extent,  of  the  shoulder;  it  is  also  a  powerful 
supinator,  and  serves  to  render  tense  the  deep  fascia  of  the  forearm  by  means  of  the  lacertus 
fibrosus  given  off  from  its  tendon.    The  Brachialis  is  a  flexor  of  the  forearm,  and  forms  an  impor- 
tant defence  to  the  elbow-joint.    When  the  forearm  is  fixed,  the  Biceps  brachii  and  Brachialis 
flex  the  arm  upon  the  forearm,  as  in  efforts  of  climbing. 
Applied  Anatomy. — The  long  tendon  of  the  Biceps  brachii  is  sometimes  dislocated  from  the 

intertubercular  groove.    When  this  has  taken  place,  the  arm  is  fixed  in  a  position  of  abduction, 

but  the  head  of  the  humerus  can  be  felt  in  its  proper  position.    It  can  generally  be  replaced  by 

flexiQg  the  forearm  on  the  arm  and  rotating  the  limb.    Rupture  of  the  long  tendon  of  the  Biceps 

brachii  may  also  take  place. 

The  Triceps  brachii  {Triceps;  Triceps  extensor  cuhiti)  (Fig.  521)  is  situated  on 
tie  back  of  the  arm,  extending  the  entire  length  of  the  dorsal  surface  of  the  humerus. 
It  is  of  large  size,  and  arises  by  three  heads  (long,  lateral,  and  medial),  hence  its 
name. 

The  Ions;  head  arises  by  a  flattened  tendon  from  the  infraglenoid  tuberosity 
of  the  scapula,  being  blended  at  its  upper  part  with  the  capsule  of  the  shoulder- 
joint;  the  muscular  fibres  pass  downward  between  the  two  other  heads  of  the 
muscle,  and  join  with  them  in  the  tendon  of  insertion. 
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The  lateral  head  arises  from  the  posterior  surface  of  the  body  of  the  humerus, 
between  the  insertion  of  the  Teres  minor  and  the  upper  part  of  the  groove  for  the 
radial  nerve,  and  from  the  lateral  border  of  the  humerus  and  the  lateral  intermus- 
cular septum;  the  fibres  from  this  origin  converge  toward  the  tendon  of  insertion. 

The  medial  head  arises  from  the  posterior  surface  of  the  body  of  the  himierus, 
below  the  groove  for  the  radial  nerve;  it  is  narrow  and  pointed  above,  and  extends 
from  the  insertion  of  the  Teres  major  to  within  2.5  cm.  of  the  trochlea;  it  also 
arises  from  the  medial  border  of  the  humerus  and  from  the  back  of  the  whole 
length  of  the  medial  intermuscular  septum.  Some  of  the  fibres  are  directed 
downward  to  the  olecranon,  while  others  converge  to  the  tendon  of  insertion. 

The  tendon  of  the  Triceps  brachii  begins  about  the  middle  of  the  muscle:  it  con- 
sists of  two  aponeurotic  laminae,  one  of  which  is  subcutaneous  and  covers  the  bade 
of  the  lower  half  of  the  muscle;  the  other  is  more  deeply  seated  in  the  substance 
of  the  muscle.  After  receiving  the  attachment  of  the  muscular  fibres,  the  two 
lamellae  join  together  above  the  elbow,  and  are  inserted,  for  the  most  part,  into 
the  posterior  portion  of  the  upper  surface  of  the  olecranon;  a  band  of  fibres  is, 
however,  continued  downward,  on  the  lateral  side,  over  the  Anconaeus,  to  blend 
with  the  deep  fascia  of  the  forearm. 

The  long  head  of  the  Triceps  brachii  descends  between  the  Teres  minor  and  Teres  major, 
dividing  the  triangular  space  between  these  two  muscles  and  the  humerus  into  two  smaller  spaces, 
one  triangular,  the  other  quadrangular  (Fig.  521).  The  triangular  space  contains  the  scapular 
circumflex  vessels;  it  is  bounded  by  the  Teres  minor  above,  the  Teres  major  below,  and  the 
scapular  head  of  the  Triceps  laterally.  The  quadrangular  space  transmits  the  posterior  humeral 
circiunflex  vessels  and  the  axillary  nerve;  it  is  bounded  by  the  Teres  minor  and  capsule  of  the 
shoulder- joint  above,  the  Teres  major  below,  the  long  head  of  the  Triceps  brachii  medially,  and 
the  humerus  laterally. 

The  Sabanconaeiui  is  the  name  given  to  a  few  fibres  which  spring  from  the  deep,  surface  of 
the  lower  part  of  the  Triceps  brachii,  and  are  inserted  into  the  posterior  ligament  and  synovial 
membrane  of  the  elbow-joint. 

NerreB. — ^The  Triceps  brachii  is  supplied  by  the  seventh  and  eighth  cervical  nerves  through 
the  radial  nerve. 

Actions. — ^The  Triceps  brachii  is  the  great  extensor  muscle  of  the  forearm,  and  is  the  direct 
antagonist  of  the  Biceps  brachii  and  Brachialis.  When  the  arm  is  extended,  the  long  head  of 
the  muscle  may  assist  the  Teres  major  and  Latissimus  dorsi  in  drawing  the  humerus  backward 
and  in  adducting  it  to  the  thorax.  The  long  head  supports  the  imder  part  of  the  shoulder-joint. 
The  Subanconaeus  draws  up  the  synovial  membrane  of  the  elbow-joint  during  extension  of  the 
forearm. 

Applied  Anatomy. — ^The  continuity  of  the  insertion  of  the  Triceps  brachii  with  the  deep  fascia 
of  the  forearm  is  of  importance  in  the  operation  of  excision  of  the  elbow;  it  should  always  be 
carefully  preserved  from  injury.  By  means  of  these  fibres  the  patient  is  enabled  to  extend  the 
forearm,  a  movement  which  would  otherwise  be  accomplished  mainly  by  gravity — ^that  is  to 
say,  by  allowing  the  forearm  to  drop  by  its  own  weight. 

V.    THE  MUSCLES   AND   FASCIA   OF  THE   FOREARM. 

Di886Ction. — To  dissect  the  forearm,  place  the  limb  in  the  position  indicated  in  Fig.  518,  make 
a  vertical  incision  along  the  middle  line  from  the  elbow  to  the  wrist,  and  a  transverse  incision 
at  the  extremity  of  this;  the  superficial  structures  being  removed,  the  deep  fascia  of  the  forearm 
is  exposed. 

Antibrachial  Fascia  (fascia  antibrachii;  deep  fascia  of  the  forearm). — The  anti- 
brachial  fascia  continuous  above  with  the  brachial  fascia,  is  a  dense,  membranous 
investment,  which  forms  a  general  sheath  for  the  muscles  in  this  region;  it  is  at- 
tached, behind,  to  the  olecranon  and  dorsal  border  of  the  ulna,  and  gives  off  from  its 
deep  surface  numerous  intermuscular  septa,  which  enclose  each  muscle  separately. 
Over  the  Flexor  tendons  as  they  approach  the  wrist  it  is  especially  thickened,  and 
forms  the  volar  carpal  ligament.  This  is  continuous  with  the  transverse  carpal  liga- 
ment, and  forms  a  sheath  for  the  tendon  of  the  Palmaris  longus  which  passes  over 
the  transverse  carpal  ligament  to  be  inserted  into  the  palmar  aponeurosis.    Behind, 
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near  the  wrist-joint,  it  is  thickened  by  the  addition  of  many  transverse  fibres,  and 
forms  the  dorsal  carpal  ligament.  It  is  much  thicker  on  the  dorsal  than  on  the  volar 
surface,  and  at  the  lower  than  at  the  upper  part  of  the  forearm,  and  is  strengthened 
above  by  tendinous  fibres  derived  from  the  Biceps  brachii  in  front,  and  from  the 
Triceps  brachii  behind.  It  gives  origin  to  muscular  fibres,  especially  at  the  upper 
part  of  the  medial  and  lateral  sides  of  the  forearm,  and  forms  the  boundaries  of 
a  series  of  cone-shaped  cavities,  in  which  the  muscles  are  contained.  Besides  the 
vertical  septa  separating  the  individual  muscles,  transverse  septa  are  given  off 
both  on  the  volar  and  dorsal  surfaces  of  the  forearm,  separating  the  deep  from  the 
superficial  layers  of  muscles.  Apertures  exist  in  the  fascia  for  the  passage  of 
vessels  and  nerves;  one  of  these  apertures  of  large  size,  situated  at  the  front  of  the 
elbow,  serves  for  the  passage  of  a  communicating  branch  between  the  superficial 
and  deep  veins. 

The  antibrachial  or  forearm  muscles  may  be  divided  into  a  volar  and  a  dorsal 
gronp. 

1.  The  Volar  Antibrachial  Muscles. 

These  muscles  are  diviaed  for  convenience  of  description  into  two  groups, 
superficial  and  deep. 

The  Superficial  Group  (Fig.  522). 

Pronator  teres.  Palmaris  longus. 

Flexor  carpi  radialis.  Flexor  carpi  ulnaris. 

Flexor  digitorum  sublimis. 

The  muscles  of  liiis  group  take  origin  from  the  medial  epicondyle  of  the  humerus 
by  a  common  tendon;  they  receive  additional  fibres  from  the  deep  fascia  of  the  fore- 
arm near  the  elbow,  and  from  the  septa  which  pass  from  this  fascia  between  the 
individual  muscles. 

The  Pronator  teres  has  two  heads  of  origin — humeral  and  ulnar.  The  humeral 
head,  the  larger  and  more  superficial,  arises  immediately  above  the  medial  epi- 
condyle, and  from  the  tendon  common  to  the  origin  of  the  other  muscles;  also 
from  the  intermuscular  septum  between  it  and  the  Flexor  carpi  radialis  and  from 
the  antibrachial  fascia.  The  ulnar  head  is  a  thin  fasciculus,  which  arises  from  the 
medial  side  of  the  coronoid  process  of  the  ulna,  and  joins  the  preceding  at  an  acute 
angle.  The  median  nerve  enters  the  forearm  between  the  two  heads  of  the  muscle, 
and  is  separated  from  the  ulnar  artery  by  the  ulnar  head.  The  muscle  passes  ob- 
liquely across  the  forearm,  and  ends  in  a  fiat  tendon,  which  is  inserted  into  a  rough 
impression  at  the  middle  of  the  lateral  surface  of  the  body  of  the  radius.  The 
lateral  border  of  the  muscle  forms  the  medial  boundary  of  a  triangular  hollow 
situated  in  front  of  the  elbow-joint  and  containing  the  brachial  artery,  median 
nerve,  and  tendon  of  the  Biceps  brachii. 

Applied  Anatomy. — This  muscle,  when  suddenly  brought  into  active  use,  as  in  the  game  of 
lawn  tennis,  is  apt  to  be  strained,  producing  slight  swelUng,  tenderness,  and  pain  on  putting  the 
muscle,  into  action.    This  is  known  as  ''lawn-tennis  arm.'' 

The  Flexor  carpi  radialis  lies  on  the  medial  side  of  the  preceding  muscle.  It 
arises  from  the  medial  epicondyle  by  the  common  tendon;  from  the  fascia  of  the 
forearm;  and  from  the  intermuscular  septa  between  it  and  the  Pronator  teres 
laterally,  the  Palmaris  longus  medially,  and  the  Flexor  digitorum  sublimis  beneath. 
Slender  and  aponeiurotic  in  structure  at  its  commencement,  it  increases  in  size, 
and  ends  in  a  tendon  which  forms  rather  more  than  the  lower  half  of  its  length. 
This  tendon  passes  through  a  canal  in  the  lateral  part  of  the  transverse  carpal 
ligament  and  runs  through  a  groove  on  the  greater  multangular  bone;  the  groove 
is  converted  into  a  canal  by  fibrous  tissue,  and  lined  by  a  mucous  sheath.  The  ten- 
don is  inserted  into  the  base  of  the  second  metacarpal  bone,  and  sends  a  slip  to 
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the  base  of  the  third  metacarpal  bone. 
The  radial  artery,  in  the  lower  part  of 
the  forearm,  lies  between  the  tendon 
of  this  muscle  and  the  Brachioradialis. 
The  PaJmaris  longus  is  a  slender, 
fusiform  muscle,  lying  on  the  medial 
side  of  the  preceding.  It  arises  from 
the  medial  epicondyle  of  the  humerus 
by  the  common  tendon,  from  the  inter- 
muscular septa  between  it  and  the 
adjacent  muscles,  and  from  the  anti- 
brachial  fascia.     It  ends  in  a  slender, 
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flattened  tendon,  which  passes  over  the  upper  part  of  the  transverse  carpal  liga- 
ment, and  is  inserted  into  the  central  part  of  the  transverse  carpal  ligament  and 
lower  part  of  the  palmar  aponeurosis,  frequently  sending  a  tendinous  slip  to  the 
short  muscles  of  the  thumb. 

This  muscle  is  often  absent,  and  is  subject  to  very  considerable  variations;  it  may  be  tendinous 
above  and  muscular  below;  or  it  may  be  muscular  in  the  centre  with  a  tendon  above  and  below; 
or  it  may  present  two  muscular  bundles  with  a  central  tendon;  or  finally  it  may  consist  solely 
of  a  tendinous  band.  Just  above  the  wrist,  the  median  nerve  lies  close  to  the  tendon,  on  its  lateral 
and  dorsal  aspects. 

The  Flexor  carpi  olnaris  lies  along  the  ulnar  side  of  the  forearm.  It  arises 
by  two  heads,  humeral  and  ulnar,  connected  by  a  tendinous  arch,  beneath  which 
the  ulnar  nerve  and  posterior  ulnar  recurrent  artery  pass.  The  humeral  head  arises 
from  the  medial  epicondyle  of  the  humerus  by  the  common  tendon;  the  ulnar 
liead  arises  from  the  medial  margin  of  the  olecranon  and  from  the  upper  two-thirds 
of  the  dorsal  border  of  the  ulna  by  an  aponeurosis,  common  to  it  and  the  Extensor 
carpi  ulnaris  and  Flexor  digitorum  profundus;  and  from  the  intermuscular  septum 
between  it  and  the  Flexor  digitorum  sublimis.  The  fibres  end  in  a  tendon,  which 
occupies  the  anterior  part  of  the  lower  half  of  the  muscle  and  is  inserted  into  the 
pisiform  bone,  and  is  prolonged  from  this  to  the  hamate  and  fifth  metacarpal 
bones  by  the  pisohamate  and  pisometacarpal  ligaments;  it  is  also  attached  by  a 
few  fibres  to  the  transverse  carpal  ligament.  The  ulnar  vessels  and  nerve  lie  on 
the  lateral  side  of  the  tendon  of  this  muscle,  in  the  lower  two-thirds  of  the  forearm. 

The  Flexor  digitorum  sublimis  is  placed  beneath  the  previous  muscle;  it  is 
the  largest  of  the  muscles  of  the  superficial  group,  and  arises  by  three  heads — 
humeral,  ulnar,  and  radial.  The  humeral  head  arises  from  the  medial  epicondyle 
of  the  humerus  by  the  common  tendon,  from  the  ulnar  collateral  ligament  of  the 
elbow-joint,  and  from  the  intermuscular  septa  between  it  and  the  preceding 
muscles.  The  ulnar  head  arises  from  the  medial  side  of  the  coronoid  process, 
above  the  ulnar  origin  of  the  Pronator  teres  (see  Fig.  353,  page  316).  The  radial 
head  arises  from  the  oblique  line  of  the  radius,  extending  from  the  radial  tuberosity 
to  the  insertion  of  the  Pronator  teres.  The  muscle  speedily  separates  into  two 
planes  of  muscular  fibres,  superficial  and  deep:  the  superficial  plane  divides  into 
two  parts  which  end  in  tendons  for  the  middle  and  ring  fingers;  the  deep  plane 
gives  off  a  muscular  slip  to  join  the  portion  of  the  superficial  plane  which  is  asso- 
ciated with  the  tendon  of  the  ring  finger,  and  then  divides  into  two  parts,  which 
end  in  tendons  for  the  index  and  little  fingers.  As  the  four  tendons  thus  formed 
pass  beneath  the  transverse  carpal  ligament  into  the  palm^  of  the  hand,  they  are 
arranged  in  pairs,  the  superficial  pair  going  to  the  middle  and  ring  fingers,  the  deep 
pair  to  the  index  and  little  fingers.  The  tendons  diverge  from  one  another  in  the 
palm  and  form  dorsal  relations  to  the  superficial  volar  arch  and  digital  branches 
of  the  median  and  ulnar  nerves.  Opposite  the  bases  of  the  first  phalanges  each 
tendon  divides  into  two  slips  to  allow  of  the  passage  of  the  corresponding  tendon 
of  the  Flexor  digitorum  profundus;  the  two  slips  then  reunite  and  form  a  grooved 
channel  for  the  reception  of  the  accompanying  tendon  of  the  Flexor  digitorum 
profundus.  Finally  the  tendon  divides  and  is  inserted  into  the  sides  of  the  second 
phalanx  about  its  middle. 

The  Deep  Group  (Fig.  523). 

Flexor  digitorum  profundus.  Flexor  pollicis  longus. 

Pronator  quadratus. 

Disseetion. — Divide  each  of  the  superficial  muscles  at  its  centre,  and  turn  either  end  aside; 
the  deep  layer  of  muscles,  together  with  the  median  nerve  and  ulnar  vessels,  will  then  be  exposed 
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The  Flexor  digitorum  profundus  is  situated  on  the  ulnar  side  of  the  forearm, 
immediately  beneath  the  superficial  Flexors.  It  arises  from  the  upper  three- 
fourths  of  the  volar  and  medial  surfaces  of  the  body  of  the  ulna,  embracing  the 
insertion  of  the  Brachialis  above,  and  extending  below  to  within  a  short  distance 
of  the  Pronator  quadratus.  It  also  arises  from  a  depression  on  the  medial  side  of 
the  coronoid  process;  by  an  aponeurosis  from  the  upper  three-fourths  of  the  dorsal 
border  of  the  ulna,  in  conmion  with  the  Flexor  and  Extensor  carpi  ulnaris;  and 
from  the  ulnar  half  of  the  interosseous  membrane.  The  muscle  ends  in  four  tendons 
which  run  under  the  transverse  carpal  ligament  dorsal  to  the  tendons  of  the  Flexor 
digitonun  sublimis.  Opposite  the  first  phalanges  the  tendons  pass  through  the 
openings  in  the  tendons  of  the  Flexor  digitorum  sublimis,  and  are  finally  inserted 
into  the  bases  of  the  last  phalanges.  The  portion  of  the  muscle  for  the  index  finger 
is  usually  distinct  throughout,  but  the  tendons  for  the  middle,  ring,  and  little 
fingers  are  connected  together  by  areolar  tissue  and  tendinous  slips,  as  far  as  the 
palm  of  the  hand. 

Fibrous  Sheaths  of  the  Flexor  Tendons. — After  leaving  the  palm,  the  tendons 
of  the  Flexores  digitoriun  sublimis  and  profundus  lie  in  osseo-aponeurotic  canals 
(Fig.  534),  formed  behind  by  the  phalanges  and  in  front  by  strong  fibrous  bands, 
which  arch  across  the  tendons,  and  are  attached  on  either  side  to  the  margins  of 
the  phalanges.  Opposite  the  middle  of  the  proximal  and  second  phalanges  the 
bands  (digital  vaginal  ligaments)  are  very  strong,  and  the  fibres  are  transverse; 
but  opposite  the  joints  they  are  much  thinner,  and  consist  of  annular  and  cruciate 
ligamentous  fibres.  Each  canal  contains  a  mucous  sheath,  which  is  reflected  on 
the  contained  tendons. 

Within  each  canal  the  tendons  of  the  Flexores  digitorum  sublimis  and  profundus 
are  connected  to  each  other,  and  to  the  phalanges,  by  slender,  tendinous  bands, 
called  vincula  tendina  (Fig.  524).  There  are  two  sets  of  these;  (a)  the  vincula 
brevia,  which  are  two  in  number  in  each  finger,  and  consist  of  triangular  bands 
of  fibres,  one  connecting  the  tendon  of  the  Flexor  digitorum  sublimis  to  the  front 
of  the  first  interphalangeal  joint  and  head  of  the  first  phalanx,  and  the  other  the 
tendon  of  the  Flexor  digitorum  profundus  to  the  front  of  the  second  interphalan- 
geal joint  and  head  of  the  second  phalanx;  (6)  the  vincula  longa,  which  connect 
the  under  surfaces  of  the  tendons  of  the  Flexor  digitorum  profundus  to  those  of  the 
subjacent  Flexor  sublimis  after  the  tendons  of  the  former  have  passed  through 
the  latter. 

Four  small  muscles,  the  Lumbricales,  are  connected  with  the  tendons  of  the 
Flexor  profundus  in  the  palm.  They  will  be  described  with  the  muscles  of  the 
hand  (page  555).  » 

The  Flexor  poUicis  longus  is  situated  on  the  radial  side  of  the  forearm,  lying 
in  the  same  plane  as  the  preceding.  It  arises  from  the  grooved  volar  surface  of 
the  body  of  the  radius,  extending  from  immediately  below  the  tuberosity  and 
oblique  line  to  within  a  short  distance  of  the  Pronator  quadratus.  It  arises  also 
from  the  adjacent  part  of  the  interosseous  membrane,  and  generally  by  a  fleshy 
slip  from  the  medial  border  of  the  coronoid  process,  or  from  the  medial  epicondyle 
of  the  humerus.  The  fibres  end  in  a  flattened  tendon,  which  passes  beneath  the 
transverse  carpal  ligament,  is  then  lodged  between  the  lateral  head  of  the  Flexor 
poUicis  brevis  and  the  oblique  part  of  the  Adductor  poUicis,  and,  entering  an  osseo- 
aponeurotic  canal  similar  to  those  for  the  Flexor  tendons  of  the  fingers,  is  inserted 
into  the  base  of  the  distal  phalanx  of  the  thumb.  The  volar  interosseous  nerve 
and  vessels  pass  downward  on  the  front  of  the.  interosseous  membrane  between 
the  Flexor  pollicis  longus  and  Flexor  digitorum  profundus. 

The  Pronator  quadratus  is  a  small,  flat,  quadrilateral  muscle,  extending  across 
the  front  of  the  lower  parts  of  the  radius  and  ulna.  It  arises  from  the  pronator 
ridge  on  the  lower  part  of  the  volar  surface  of  the  body  of  the  ulna;  from  the  medial 


THE  VOLAR  ANTIBRACHIAL  MUSCLES  541 

part  of  the  volar  surface  of  the  lower  fourth  of  the  ulna;  and  from  a  strong  apon- 
eurosis which  covers  the  medial  third  of  the  muscle.  The  fibres  pass  lateralward 
and  slightly  downward,  to  be  inserted  into  the  lower  fourth  of  the  lateral  border 
aad  the  volar  surface  of  the  body  of  the  radius.  The  deeper  fibres  of  the  muscle 
are  inserted  into  the  triangular  area  above  the  ulnar  notch  of  the  radius — an 
attachment  comparable  with  the  origin  of  the  Supinator  from  the  triangular  area 
IkIow  the  radial  notch  of  the  ulna. 

_     ,  of  Abductor 

carpi  m  i,         i     i 

fnmlanfular  bone 


Ext.  pallicia  brevia 


of  Ext.  foUicU  longae 


Fic.  524.— Tenduug  of  [uiefiri«er  and  vinculs  tcDdins 

Nmtm. — All  the  niuBcles  of  the  superficial  layer  are  supplied  by  the  median  oerve,  excepting 
the  Flexor  carpi  ulnaris,  which  is  suppUed  by  the  ulnar.    The  Pronator  teres,  the  Flexor  carpi 

radUiis,  and  the  Palmaxis  longus  derive  their  supply  primarily  from  the  sixth  cervical  nerve; 
the  Fktor  digitorum  subUmis  from  the  seventh  and  eighth  cervical  and  first  thoracic  nerves, 
and  the  Fleior  carpi  ulnaris  from  the  eighth  cervical  and  first  thoracic.  Ot  the  deep  layer,  the 
Flexor  digitorum  profundus  is  supplied  by  the  eighth  cervical  and  first  thoracic  through  the 
ulnar,  and  the  volar  interosseous  branch  of  the  median.  The  Flexor  poUicis  lougus  and  Pronator 
quadratus  are  supplied  by  the  eighth  cervical  and  first  thoracic  through  the  volar  interosseous 
branch  of  the  median. 

Actiou. — These  muscles  act  upon  the  forearm,  the  wrist,  and  hand.  The  Pronator  teres 
rotates  the  radius  upon  the  ulna,  rendering  the  hand  prone;  when  the  radius  ia  fixed,  it  aasista 
in  fiexing  the  forearm.  The  Flexor  carpi  radialis  ia  a  flexor  and  abductor  of  the  wrist;  it  also 
usiata  in  prouating  the  hand,  and  in  bending  the  elbow.  The  Flexor  carpi  ulnaris  is  a  fiexor  and 
adductor  of  the  wrist;  it  also  assists  in  bending  the  elbow.  The  Palmaris  longus  is  a  flexor  of  the 
wrist-joint;  it  also  aasista  in  flexing  the  elbow.  The  Flexor  digitorum  sublimia  flexes  first  the 
middle  and  then  the  proximal  phalanges;  it  also  assists  in  flexing  the  wrist  and  elbow.  The 
Flexor  digitorum  profundus  is  one  of  the  flexors  of  the  phalanges.  After  the  Flexor  aubUmia 
has  bent  the  second  phalanx,  the  Flexor  profundus  llexea  the  terminal  one;  but  it  cannot  do  so 
until  after  the  contraction  of  the  auperficial  muscle.    It  also  assists  in  flexing  the  wrist.    The 
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Flexor  pollicis  longus  is  a  flexor  of  the  phalanges  of  the  thumb;  when  the  thumb  is  fixed,  it  assists 
in  flexing  the  wrist.  The  Pronator  quadratus  rotates  the  radius  upon  the  ulna,  rendering  the 
hand  prone. 

2.  The  Dorsal  Antibrachial  Muscles. 

These  muscles  are  divided  for  convenience  of  description  into  two  groups, 
superficial  and  deep. 

The  Superficial  Group  (Fig.  525). 

Brachioradialis.  Extensor  digitorum  communis. 

Extensor  carpi  radialis  longus.  Extensor  digiti  quinti  proprius. 

Extensor  carpi  radialis  brevis.  Extensor  carpi  ulnaris. 

Anconaeus. 

Dissection. — Divide  the  integument  in  the  same  manner  as  in  the  dissection  of  the  volar  anti- 
brachial region,  and,  after  having  examined  the  cutaneous  vessels  and  nerves  and  deep  fascia, 
remove  all  those  structures.  The  muscles  will  then  be  exposed.  The  removal  of  the  fascia  will 
be  considerably  facilitated  by  detaching  it  from  below  upward.  Great  care  should  be  taken 
to  avoid  cutting  across  the  tendons  of  the  muscles  of  the  thumb,  which  cross  obliquely  the  larger 
tendons  running  down  the  back  of  the  radius. 

The  Brachioradialis  {Supinator  longus)  is  the  most  superficial  muscle  on  the 
radial  side  of  the  forearm.  It  arises  from  the  upper  two-thirds  of  the  lateral 
supracondylar  ridge  of  the  humerus,  and  from  the  lateral  intermuscular  septum, 
being  limited  above  by  the  groove  for  the  radial  nerve.  Interposed  between  it 
and  the  Brachialis  are  the  radial  nerve  and  the  anastomosis  between  the  anterior 
branch  of  the  profunda  artery  and  the  radial  recurrent.  The  fibres  end  above 
the  middle  of  the  forearm  in  a  flat  tendon,  which  is  inserted  into  the  lateral  side 
of  the  base  of  the  styloid  process  of  the  radius.  The  tendon  is  crossed  near  its 
insertion  by  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis 
brevis;  on  its  ulnar  side  is  the  radial  artery. 

The  Extensor  carpi  radialis  longus  {Extensor  carpi  radialis  Umgior)  is  placed  partly 
beneath  the  Brachioradialis.  It  arises  from  the  lower  third  of  the  lateral  supracon- 
dylar ridge  of  the  hiunerus,  from  the  lateral  intermuscular  septum,  and  by  a  few 
fibres  from  the  conunon  tendon  of  origin  of  the  Extensor  muscles  of  the  forearm. 
The  fibres  end  at  the  upper  third  of  the  forearm  in  a  flat  tendon,  which  runs  along 
the  lateral  border  of  the  radius,  beneath  the  Abductor  pollicis  longus  and  Extensor 
pollicis  brevis;  it  then  passes  beneath  the  dorsal  carpal  ligament,  where  it  lies  in  a 
groove  on  the  back  of  the  radius  conmion  to  it  and  the  Extensor  carpi  radialis  brevis, 
immediately  behind  the  styloid  process.  It  is  inserted  into  the  dorsal  surface  of 
the  base  of  the  second  metacarpal  bone,  on  its  radial  side. 

The  Extensor  carpi  radialis  brevis  {Extensor  carpi  radialis  breoior)  is  shorter  and 
thicker  than  the  preceding  muscle,  beneath  which  it  is  placed.  It  arises  from  the 
lateral  epicondyle  of  the  humerus,  by  a  tendon  common  to  it  and  the  three  following 
muscles;  from  the  radial  collateral  ligament  of  the  elbow- joint;  from  a  strong 
aponeurosis  which  covers  its  surface;  and  from  the  intermuscular  septa  between  it 
and  the  adjacent  muscles.  The  fibres  end  about  the  middle  of  the  forearm  in  a 
flat  tendon,  which  is  closely  connected  with  that  of  the  preceding  muscle,  and 
accompanies  it  to  the  wrist;  it  passes  beneath  the  Abductor  pollicis  longus  and 
Extensor  pollicis  brevis,  then  beneath  the  dorsal  carpal  ligament,  and  is  inserted 
into  the  dorsal  surface  of  the  base  of  the  third  metacarpal  bone  on  its  radial  side. 
Under  the  dorsal  carpal  ligament  the  tendon  lies  on  the  back  of  the  radius  in 
a  shallow  groove,  to  the  ulnar  side  of  that  which  lodges  the  tendon  of  the  Extensor 
carpi  radialis,  longus,  and  separated  from  it  by  a  faint  ridge. 

The  tendons  of  the  two  preceding  muscles  pass  through  the  same  compartment 
of  the  dorsal  carpal  ligament  in  a  single  mucous  sheath. 
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ftomm  commmiifl  arises  from  the  lateral  epicondyle  of  the 
imon  tendon;  from  the  intermuscular  septa  between  it  and  the 
nd  from  the  antibrachial  fascia.  It  divides  below  into  four 
.  together  with  that  of  the  Extensor  indicis  proprius,  through 
nent  of  the  dorsal  carpal  ligament,  within  a  mucous  sheath, 
verge  on  the  back  of  the  hand,  and  are  irwerted  into  the  second 

of  the  fingers  in  the  following  manner.  Opposite  the  meta- 
iculation  each  tendon  is  bound  by  fasciculi  to  the  collateral 
i  as  the  dorsal  ligament  of  this  joint;  after  having  crossed  the 

into  a  broad  aponeurosis,  which  covers  the  dorsal  surface  of 
d  is  reinforced,  in  this  situation,  by  the  tendons  of  the  Inter- 
h.  Opposite  the  first  interphalangeal  joint  this  aponeurosis 
^ps;  an  intermediate  and  two  collateral:  the  former  is  inserted 

second  phalanx;  and  the  two  collateral,  which  are  continued 
les  of  the  second  phalanx,  unite  by  their  contiguous  margins, 
I  the  dorsal  surface  of  the  last  phalanx.  As  the  tendons  cross 
joints,  they  furnish  them  with  dorsal  ligaments.  The  tendon 
is  accompanied  by  the  Extensor  indicis  proprius,  which  lies 
In  the  back  of  the  hand,  the  tendons  to  the  middle,  ring,  and 
jnected  by  two  obliquely  placed  bands,  one  from  the  third 
nward  and  lateralward  to  the  second  tendon,  and  the  other 
me  tendon  downward  and  medialward  to  the  fourth.  Occa- 
don  is  connected  to  the  second  by  a  thin  transverse  band, 
iti  qninti  proprius  {Extensor  minimi  digiti)  is  a  slender  muscle 
J  side  of  the  Extensor  digitonim  communis,  with  which  it  is 
.  It  arises  from  the  common  Extensor  tendon  by  a  thin 
the  intermuscular  septa  between  it  and  the  adjacent  muscles, 
lugh  a  compartment  of  the  dorsal  carpal  ligament  behind  the 
int,  then  divides  into  two  as  it  crosses  the  hand,  and  finally 
of  the  Extensor  digitorum  communis  tendon  on  the  dorsum 

of  the  little  finger. 

pi  nlnaiis  lies  on  the  ulnar  side  of  the  forearm.  It  arises 
ondyle  of  the  humerus,  by  the  common  tendon;  by  an  aponeu- 
I  border  of  the  ulna  in  common  with  the  Flexor  carpi  ulnaris 
torum  profundus;  and  from  the  deep  fascia  of  the  forearm, 
,  which  runs  in  a  groove  between  the  head  and  the  styloid 
passing  through  a  separate  compartment  of  the  dorsal  carpal 
rted  into  the  prominent  tubercle  on  the  ulnar  side  of  the  base 
al  bone. 

a  small  triangular  muscle  which  is  placed  on  the  back  of  the 
wars  to  be  a  continuation  of  the  Triceps  brachii.  It  arises 
I  from  the  back  part  of  the  lateral  epicondyle  of  the  humerus; 
I  are  inserted  into  the  side  of  the  olecranon,  and  upper  fourth 
of  the  body  of  the  ulna. 

The  Deep  Oroap  (Fig.  526). 

Extensor  pollicis  brevis. 
ollicis  longus.  Extensor  pollicis  longus. 

Extensor  indicis  proprius. 
•tpinalor  bretis)  (Fig.  527)  is  a  broad  muscle,  curved  around 
le  radius.    It  consists  of  two  planes  of  fibres,  between  which 
the  radial  nerve  lies.    The  two  planes  arise  in  common — the 
ndinouH  and  the  deeper  by  muscular  fibres — from  the  lateral 
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epicondyle  of  the  humerus;  from  the  radial  collateral  ligament  of  the  elbow-joint, 
and  the  annular  ligament;  from  the  ridge  on  the  ulna,  which  ntns  obliquely  down- 
ward from  the  dorsal  end  of  the  radial  notch;  from  the  triangular  depression  below 
the  notch;  and  from  a  tendinous  expansion  which  covers  the  surface  of  the  muscle. 
The  superficial  fibres  surround  the  upper  part  of  the  radius,  and  are  inserted  into 
the  lateral  edge  of  the  radial  tuberosity  and  the  oblique  line  of  the  radius,  as  low 
down  as  the  insertion  of  the  Pronator  teres.    The  upper  fibres  of  the  deeper  plane 
form  a  sling-like  fasciculus,  which  encircles  the  neck  of  the  radius  above  the  tuber- 
osity and  is  attached  to  the  back  part  of  its  medial  surface;  the  greater  part  of 
this  portion  of  the  muscle  is  inserted 
into  the  dorsal  and  lateral  surfaces 
of  the  body  of  the  radius,  midway 
between  the  oblique  line  and  the  head 
of  the  bone. 

The  Abductor  poUicis  longus  (£;r- 
tensoT  OSS.  melacarpi  ■poilicis)  lies  im- 
mediately below  the  Supinator  and 
is  sometimes  united  with  it.  Is 
arises  from  the  lateral  part  of  the 
dorsal  surface  of  the  body  of  the  ulna 
below  the  insertion  of  the  Anco- 
iiaeus,  from  the  interosseous  mem- 
brane, and  from  the  middle  third  of 
the  dorsal  surface  of  the  body  of  the 
radius.  Passing  obliquely  downward 
and  lateralward,  it  ends  in  a  tendon, 
which  runs  through  a  groove  on  the 
lateral  side  of  the  lower  end  of  the 
radius,  accompanied  by  the  tendon 
of  the  Extensor  poilicis  brevis,  and 

is  inseiied  into  the  radial  side  of  the  «.™«™ 

base  of  the  first  metacarpal  bone. 
It  occasionally  gives  off  two  slips 
near  its  insertion;  one  to  the  greater 
multangular  bone  and  the  other  to 
blend  with  the  origin  of  the  Abduc- 
tor poilicis  brevis. 

The  Extensor  poilicis  brevis  {Ex- 
tensor  primi  inierrwdii  poUicis)  lies 

on  the  medial  side  of,  and  is  closely  pm.  527.— The  supin»iop. 

connected  with,  the  Abductor  polHcis 

longus.  It  arises  from  the  dorsal  surface  of  the  body  of  the  radius  below  that 
muscle,  and  from  the  interosseous  membrane.  Its  direction  is  similar  to  that  of 
the  Abductor  poilicis  longus,  its  tendon  passing  through  the  same  groove  on  the 
lateral  side  of  the  lower  end  of  the  radius,  to  be  inserted  into  the  base  of  the  first 
phalanx  of  the  thumb. 

The  Extensor  poUicis  longus  {Extensor  secundi  inlemodii  poilicis)  is  much  larger 
than  the  preceding  muscle,  the  origin  of  which  it  partly  covers.  It  arises  from 
the  lateral  part  of  the  middle  third  of  the  dorsal  surface  of  the  body  of  the  ulna 
below  the  origin  of  the  Abductor  poilicis  longus,  and  from  the  interosseous  mem- 
brane. It  ends  in  a  tendon,  which  passes  through  a  separate  compartment  in  the 
dorsal  carpal  ligament,  lying  in  a  narrow,  oblique  groo\'e  on  the  back  of  the  lower 
end  of  the  radius.  It  then  crosses  obliquely  the  tendons  of  the  Extensores  carpi 
radialis  longus  and  brevis,  and  is  separated  from  the  Extensor  brevis  poilicis  by  a 
35 
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nwhich  the  radial  artery  Js  found;and  is  finally  insertedinto 
phalanx  of  the  thumb.  The  radial  artery  is  crossed  by  the 
ictor  poUicis  longus  and  of  the  Extensores  poUicb  longus  and 

cis  proprius  (Extensor  indicU)  is  a  narrow,  elongated  muscle, 
d  parallel  with,  the  preceding.  It  arises,  from  the  dorsal  sur- 
the  ulna  below  the  origin  of  the  Extensor  pollicis  longus,  and 
us  membrane.  Its  tendon  passes  under  the  dorsal  carpal 
le  compartment  as  that  which  transmits  the  tendons  of  the 
communis,  and  opposite  the  head  of  the  second  metacarpal 
ir  side  of  the  tendon  of  the  Extensor  digitorum  communis 
le  index  finger. 

>radialiB  is  supplied  by  the  fifth  and  sixth,  the  Extensorea  caipi  rodialis 

sixth  and  seventh,  and  the  Anoonaeus  by  the  seventh  and  eighth  cervical 
ial  nerve;  the  rem&ining  musclee  are  innervated  through  the  deep  radial 
ig  supplied  by  the  sixth,  and  all  the  other  muaciee  by  the  seventh  cervical. 
B  of  the  lateral  and  dorsal  aspects  of  the  forearm,  which  comprise  all 
id  the  Supinator,  act  upon  the  forearm,  wrist,  and  band;  they  ore  the 
e  Pronator  and  Flexor  muscles.     The  Anconaeus  assists  the  Triceps  in 

The  Brachioradialis  is  a  flexor  of  the  elbow-joint,  but  only  acts  as  such 

flexion  has  been  initiated  by  the  Biceps  brachii  and  Brachialis.  The 
is  suggested  by  its  name;  it  assists  the  Biceps  in  bringing  the  hand  into 
e  Extensor  carpi  radialis  longus  extends  the  wrist  and  abducts  the  hand. 
iding  the  elbow-joint;  at  all  events  it  serves  to  fix  or  steady  this  articula- 
i  radialis  brevia  extends  the  wrist,  and  may  aJso  act  slightly  as  an  abductor 
Qsor  carpi  ulnaris  extends  the  wrist,  but  when  acting  alone  inclines  the 
side;  by  its  continued  action  it  extends  the  elbow-joint.  The  Exl«Dsor 
,ends  the  phalanges,  then  the  wrist,  and  finally  the  elbow.    It  acts  priii- 

phalanges,  the  middle  and  terminal  phalanges  being  extended  niaitily 
lumbric^es.  It  tends  to  aeparat«  the  fingera  as  it  extends  them.  The 
iroprius  extends  the  Kttle  finger,  and  by  its  continued  action  assists  in 

is  owing  to  this  muscle  that  the  little  finger  can  be  extended  or  pointed 
td.  The  chief  action  of  the  Abductor  pollicis  longus  is  to  carry  the  thumb 
of  the  hand.  By  its  continued  action  it  helps  to  extend  and  abduct  the 
olhcia  brevis  extends  the  proximal  phalanx,  and  the  Extensor  pollicis 
ilanx  of  the  thumb;  by  their  continued  action  they  help  to  extend  and 
Extensor  indicis  proprius  extends  the  indet  finger,  and  by  its  continued 
ng  the  wrist. 
he  tendons  of  the  Abductor  longus  and  Extensors  of  the  thumb  are  liable 

their  sheaths  inflamed  (leru>s]/7unrUit)  after  excessive  exercise,  producing 
Lg  along  the  course  of  the  tendons  and  giving  a  pecuhar  grating  sensation 
luscles  are  put  in  action, 
nsor  muscles  of  the  wrists  and  fingers,  with  its  resulting  "wrist  drop," 

chronic  lead  poisoning.  The  Brachioradialis  usually  escapes  in  these 
s  of  the  upper  arm  are  paralyzed  also.  Usually  the  difierent  Extensor 
iffected;  thus  the  thumb,  or  index  or  little  finger,  may  be  but  slightly 
over  rapidly  while  the  Extensors  at  the  other  fingers  or  the  wrist  remain 
s  ia  often  shown  by  the  Flexors  of  the  fingers  also,  these  muscles  being 
tremor  whenever  wrtension  of  the  fingers  is  attempted.    Atrophy  often 

poisoning. 

IB  MUSCLES   AND   PASCLE  OF  THE  HAND. 

le  hand  are  subdivided  into  three  groups:  (1)  those  of  the 
ty  the  radial  side  and  produce  the  thenar  eminence;  (2)  those 
ivhich  occupy  the  ulnar  side  and  give  rise  to  the  hrpothenar 
n  the  middle  of  the  palm  and  between  the  metacarpal  bones. 

— Make  a  transverse  incision  across  the  front  of  the  wrist,  and  &  second 
metacarpal  bones;  connect  the  two  by  a  vertical  incision  in  the  middle 
ough  the  centre  of  the  middle  finger.  The  volar,  transverse,  and  dorsal 
i  palmar  aponeurosis  should  then  be  dissected. 
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7tAu  Carpal  Ligament  (ligamentum  carpi  volare). — The  volar  carpal  ligament 
a  the  thickened  band  of  antibrachial  fascia  which  extends  from  the  radius  to  the 
ulaa  over  the  Flexor  tendons  as  they  enter  the  wrist. 
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Exl.  dig.  conunun. 
FiQ.  S2S.— TraoBvcrH  MCtlon  aciou  diatal  sndt  of  radtuB  and  ulna. 

TruuTerse  Carpal  ligament  {Ugamentum  carpi  trav3versum;  anterior  annular 
(igoment)  (Figs.  528,  529). — The  transverse  carpal  ligament  is  a  strong,  fibrous 
band,  which  arches  over  the  carpus,  converting  the  deep  groove  on  the  front  of 
the  carpal  bones  into  a  tunnel,  through  which  the  Flexor  tendons  of  the  digits 
and  the  median  nerve  pass.     It  is  attached,  medially,  to  the  pisiform  and  the 

itediaa  nenie    Tranaeerte  carpal  h'gamenl 
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hamulus  of  the  hamate  bone;  laterally,  to  the  tuberosity  of  the  navicular,  and  to 
the  medial  part  of  the  volar  surface  and  the  ridge  of  the  greater  multangular.  It 
is  continuous,  above,  with  the  volar  carpal  ligament;  and  below,  with  the  palmar 
aponeurosis.  It  is  crossed  by  the  ulnar  vessels  and  nerve,  and  the  cutaneous 
branches  of  the  median  and  ulnar  nerves.    At  its  lateral  end  is  the  tendon  of  the 
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or  carpi  radialis,  which  lies  in  the  groove  on  the  greater  multangular  between 
ittachments  of  the  ligament  to  the  bone.  On  its  volar  surface  the  tendons  of 
Palmaris  longus  and  Flexor  carpi  ulnaris  are  partly  inserted;  below,  it  gives 
n  to  the  short  muscles  of  the  thumb  and  little  finger 


■luathtoft 
pari!  of  I 
digitonan 


■poUicial 
tathoJFl 


I.  330.— The  nmcoi 


le  Mncons  Sheaths  of  the  Tendons  on  the  Front  of  the  Wrist.— T\vo  sheaths  envelop 
tendons  as  they  pass  beneath  the  transverse  carpal  ligament,  one  for  the 
ores  digitorum  subUmis  and  profundus,  the  other  for  the  Flexor  pollicis 
is  {Fig.  530).  The;-  extend  into  the  forearm  for  about  2.5  cm,  above  the 
iverse  carpal  ligament,  and  occasionally  communicate  with  each  other  under 
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the  ligament.  The  sheath  which  surrounds  the  Flexores  digitorum  extends  down- 
ward about  half-way  along  the  metacarpal  bones,  where  it  ends  in  BUnd  diverticula 
around  the  tendons  to  the  index,  middle,  and  ring  fingers.  It  is  prolonged  on 
uie  tendons  to  the  little  finger  and  usually  communicates  with  the  mucous 


Fra.  E31.— The  mucoui  iheatha  of  the  tend 


sheath  of  these  tendons.  The  sheath  of  the  tendon  of  the  Plexor  pollicis  longus 
is  continued  along  the  thumb  as  far  as  the  insertion  of  the  tendon.  The  mucous 
sheaths  enveloping  the  terminal  parts  of  the  tendons  of  the  Flexores  digitorum 
have  been  described  on  page  540. 
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Dorsal  Carpal  LigameDt  {ligamentum  carpi  dorsde;  po3terior  annular  ligavieni) 
(Figs.  528,  529), — ^The  dorsal  carpal  ligament  is  a  strong,  fibrous  band,  extending 
obliquely  downward  and  medialward  across  the  back  of  the  wrist,  and  consisting 
of  part  of  the  deep  fascia  of  the  back  of  the  forearm,  strengthened  by  the  addition 
of  some  transverse  fibres.  It  is  attached,  medially,  to  the  styloid  process  of  the  ulna 
and  to  the  triangular  and  pisiform  bones;  laterally,  to  the  lateral  margin  of  the 
radius;  and,  in  its  passage  across  the  wrist,  to  the  ridges  on  the  dorsal  surface  of 
the  radius. 

The  Mucous  Sbeaths  of  the  Tendons  on  the  Back  of  tlie  Wrist.^ — Between  the  dorsal 
carpal  ligament  and  the  bones  six  compartments  are  formed  for  the  passage  of 
tendons,  each  compartment  having  a  separate  mucous  sheath.  One  is  found  in 
each  of  the  following  positions  (Fig.  531) :  (1)  on  the  lateral  side  of  the  styloid  pro- 
cess, for  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis; 
(2)  behind  the  styloid  process,  for  the  tendons  of  the  Extensores  carpi  radialis 
longus  and  brevis;  (3)  about  the  middle  of  the  dorsal  surface  of  the  radius,  for  the 
tendon  of  the  Extensor  pollicis  longus;  (4)  to  the  medial  side  of  the  latter,  for  the 
tendons  of  the  Extensor  digitorum  communis  and  Extensor  indicis  proprius;  (5) 
opposite  the  interval  between  the  radius  and  ulna,  for  the  Extensor  digiti  quinti 
proprius;  (6)  between  the  head  and  styloid  process  of  the  ulna,  for  the  tendon  of 
the  Extensor  carpi  ulnaris.  The  sheaths  lining  these  compartments  extend  from 
above  the  dorsal  carpal  ligament;  those  for  the  tendons  of  Abductor  pollicis  longus, 
Extensor  brevis  pollicis,  Extensores  carpi  radialis,  and  Extensor  carpi  ulnaris 
stop  immediately  proximal  to  the  bases  of  the  metacarpal  bones,  while  the  sheaths 
for  Extensor  communis  digitorum.  Extensor  indicis  proprius,  and  Extensor  digiti 
quinti  proprius  are  prolonged  to  the  junction  of  the  proximal  and  intermediate 
tiirds  of  the  metacarpus. 

Falmai  Aponeurosis  {aponeurosis  palmaris;  palmar  fascia)  (Fig.  532).  —  The 
palmar  aponeurosis  invests  the  muscles  of  the  palm,  and  consists  of  central,  lateral, 
and  medial  portions. 

The  central  portion  occupies  the  middle  of  the  palm,  is  triangular  in  shape,  and 
of  great  strength  and  thickness.  Its  apex  is  continuous  with  the  lower  margin 
of  the  transverse  carpal  ligament,  and  receives  the  expanded  tendon  of  the  Pal- 
maris longus.  Its  base  divides  below  into  four  slips,  one  for  each  finger.  Each 
slip  gives  off  superficial  fibres  to  the  skin  of  the  palm  and  finger,  those  to  the  palm 
joining  the  skin  at  the  furrow  corresponding  to  the  metacarpophalangeal  articula- 
tions, and  those  to  the  fingers  passing  into  the  skin  at  the  transverse  fold  at  the 
liases  of  the  fingers.  The  deeper  part  of  each  slip  subdivides  into  two  processes, 
which  are  inserted  into  the  fibrous  sheaths  of  the  Flexor  tendons.  From  the  sides 
of  these  processes  offsets  are  attached  to  the  transverse  metacarpal  ligament. 
By  this  arrangement  short  channels  are  formed  on  the  front  of  the  heads  of  the 
metacarpal  bones;  through  these  the  Flexor  tendons  pass.  The  intervals  between 
the  four  slips  transmit  the  digital  vessels  and  nerves,  and  the  tendons  of  the  Lum- 
bricales.  At  the  points  of  division  into  the  slips  mentioned,  numerous  strong, 
transverse  fasciculi  bind  the  separate  processes  together.  The  central  part  of  the 
palmar  aponeurosis  is  intimately  bound  to  the  integument  by  dense  fibroareolar 
tissue  forming  the  superficial  palmar  fascia,  and  gives  origin  by  its  medial  margin 
to  the  Palmaris  brevis.  It  covers  the  superficial  volar  arch,  the  tendons  of  the 
Flexor  muscles,  and  the  branches  of  the  median  and  ulnar  nerves;  and  on  either 
side  it  gives  off  a  septum,  which  is  continuous  with  the  interosseous  aponeurosis, 
and  separates  the  intermediate  from  the  collateral  groups  of  muscles. 

The  lateral  and  medial  portions  of  the  palmar  aponeurosis  are  thin,  fibrous  layers, 
which  co^er,  on  the  radial  side,  the  muscles  of  the  ball  of  the  thumb,  and,  on  the 
ulnar  side,  the  muscles  of  the  little  finger;  they  are  continuous  with  the  central 
portion  and  with  the  fascia  on  the  dorsum  of  the  hand. 
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The  Supetficial  TransveiM  Ligament  of  the  Fingers  is  a  thin  band  of  transverse 
fasdculi  (Fig.  532);  it  atretches  across  the  roots  of  the  four  fingers,  and  is  closely 
tttached  to  the  skin  of  the  clefts,  and  medially  to  the  fifth  metacarpal  bone, 
forming  a  sort  of  rudimentary  web.  Beneath  it  the  digital  vessels  and  nerves 
pass  to  their  destinations. 


— The  palmar  sponeurosia  ia  liable  to  undergo  contraction,  producing  a 
very  inconvenient  deformity,  known  aa  Dupuj/lren's  contraction.  The  ring  and  little  fingers 
are  most  frequently  implicated,  but  the  others  may  also  be  involved.  The  proximal  phalanx  is 
flexed  and  caonot  be  straightened,  and  the  two  dietal  phakngea  become  similarly  flexed  as  the 
diseaie  advances. 

Owing  to  their  constant  eitposure  to  injury  and  eeptic  influences,  the  fingers  are  very  liable 
to  become  the  seat  of  serious  inflammatory  mischief.  To  this  inflammation  the  term  paronychia 
or  wWitouj  is  given,  and  the  affection  may  assume  various  degrees  of  severity.  In  the  mUdeat 
cases  the  disease  is  confined  to  the  superficial  layer  of  the  shin,  and  suppuration  takes  place 
beneath  it.  This  is  known  as  subcuticular  paronychia,  and  is  a  comparatively  simple  condition, 
for  an  incision  through  the  epidermis  will  at  once  relieve  it.  The  only  coraphcation  is  that  the 
pun  may  burrow  under  the  nail,  causing  increased  pain.  A  more  severe  condition  is  the  paronychia 
ediyiota,  in  which  the  pulp  of  the  end  of  the  finger  is  involved.  This  is  attended  with  intense 
tirohbing  pain,  owing  to  the  fact  that  the  inflamed  area  is  covered  by  thick  and  often  homy 
epithelium,  especially  when  the  disease  occurs  in  the  laboring  classes,  as  it  so  frequently  does. 
In  these  cases,  unless  a  timely  incision  is  made,  the  inflammation  is  liable  to  involve  the  perios- 
teum Goverii^  the  phalanx,  and  tubperiosteal  paronychia  is  set  up,  which  is  followed  by  n 
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lart  or  the  n-holc  of  the  ungual  phalanx.  In  other  cases,  the  inflammatioa  may  involve 
leca  of  the  Flexor  tendons,  and  a  thecal  paronychia  may  reeult.  The  inflammation  then 
y  spreads  up  the  sheath;  but  the  extent  wiU  depend  upon  the  particular  d^t  involved. 
the  description  of  the  Flexor  sheaths  given  above,  it  will  be  evident  that  inflammation 
mucous  sheaths  of  the  thumb  and  little  finger  may  prove  a  far  more  formidable  affection 
.hat  of  the  other  three  digits,  because  the  sheaths  of  these  two  digits  communicate  with  the 
mucous  sheath  which  surrounds  the  Flexor  tendons  (p.  648),  and  the  inflammation  may 
1  into  the  palm  of  the  hand  and  beneath  the  transverse  carpal  ligament  into  the  foreann. 
}rder  to  relieve  these  conditions,  free  and  early  incisions  are  necessary,  and  must  be  made 
liscrimination,  in  order  to  avoid  wounding  important  structures.  In  the  pulp  of  the  finger — 
ver  the  distal  phalanx — the  incision  should  be  made  in  the  middle  iine  and  down  to  the  bone. 
;  rest  of  the  finger,  the  incision  should  be  made  in  the  middle  line  over  the  phalanges,  and 
'BT  the  interphalangeal  joints.  In  the  palm  of  the  hand,  incisions  may  be  made  either  on 
stal  or  proximal  side  of  the  superficial  volar  arch.  On  the  distal  side  the  incisioas  should 
ide  over  the  metacarpal  bones,  preferably  those  of  the  index  and  middle  finger.  On  the 
oal  side,  the  safest  line  of  incision  is  along  the  radial  side  of  the  hypothenar  eminenoe, 
eo  the  ulnar  artery  and  nerve  medially,  and  the  median  nerve  laterally.  When  suppura- 
as  ext«nded  under  the  transverse  carpal  ligament,  and  incisions  are  required  in  the  fore- 
jhe  positions  in  which  they  should  be  made  are  over  the  tendons  of  the  Flexor  digitorum 
)ia,  between  the  median  nerve  and  the  ulnar  artery,  and  over  the  tendon  of  the  Flexor 
s  longus,  between  the  radial  artery  and  the  tendon  of  the  Flexor  carpi  radialis. 
onic  inflammation  of  the  common  flexor  sheath  is  occasionally  met  with,  constituting  a 
e  known  as  compound  palmar  ganglion;  it  presents  an  hour-glass  outline,  with  a  swelling 
it  of  the  wrist  and  another  in  the  palm  of^the  hand,  and  a  constriction,  corresponding  to 
msverse  carpal  ligament,  between  the  two.  The  fluid  can  be  forced  Jrom  the  one  swelling 
other  under  the  ligament,  and  when  this  is  done,  a  creaking  sensaVon  is  sometimes  per- 
il from  the  presence  of  "melon-seed"  bodies  in  the  interior  of  the  ganglion. 

1.  The  Lateral  Volar  Muscles  (Figs.  533,  534). 

Abductor  pollicis  brevis.  Flexor  poUicis  brevis, 

Opponens  poUicis.  Adductor  pollicis  (obliquus). 

Adductor  pollicis  (transversus). 


e  Abductor  pollicis  brevis  (Abductor  pollicis)  is  a  thin,  flat  muscle,  placed 
diately  beneath  the  integument.  It  arises  from  the  transverse  carpal  liga- 
,  the  tuberosity  of  the  navicular,  and  the  ridge  of  the  greater  multangular, 


X 
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frequently  by  two  distinct  slips.  Running  lateralward  and  downward,  it  is 
inserted  by  a  thin,  flat  tendon  into  the  radia)  side  of  the  base  of  the  first  phalanx 
ot  the  thumb  and  the  capsule  of  the  metacaipophalangeal  articulation. 

The  Opponens  pollids  is  a  small,  triangular  muscle,  placed  beneath  the  pre- 
ceding. It  arises  from  the  ridge  on  the  greater  multangular  and  from  the  trans- 
verse carpal  ligament,  passes  downward  and  lateralward,  and  is  inserted  into  the 
whole  length  of  the  metacarpal  bone  of  the  thumb  on  its  ra<iial  side. 


Fto.  5J4 ,— The  muKies  oi 


The  nexor  poUicis  brevis  consists  of  two  portions,  lateral  and   medial.     The 
Utntl  and  more  snperflcisl  portioii  arises  from  the  lower  border  of  the  transverse 
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pal  ligament  and  the  lower  part  of  the  ridge  on  the  greater  multangular  bone; 
)a5se3  along  the  radial  side  of  the  tendon  of  the  Flexor  pollicis  longus,  and, 
oming  tendinous,  is  inserted  into  the  radial  side  of  the  base  of  the  first  phalanx 
:he  thupib;  in  its  tendon  of  insertion  there  is  a  sesamoid  bone.  The  medial 
I  deeper  portion  of  the  muscle  is  very  small,  and  arises  from  the  ulnar  side  of  the 
t  metacarpal  bone  between  the  Adductor  pollicis  (obliquus)  and  the  lateral 
d  of  the  first  Interosseous  dorsalis,  and  is  inserted  into  the  ulnar  side  of  the  base 
the  first  phalanx  with  the  Adductor  pollicis  (obliquus).    The  medial  part  of 

Flexor  brevis  pollicis  is  sometimes  described  as  the  first  fiiterosseoiiB  Tolaris. 
!'he  Adductor  pollicis  (obliquus)  (Adductor  obliquus  pollicis)  arises  by  several 
s  from  the  capitate  bone,  the  bases  of  the  second  and  third  metacarpals,  the 
Tcarpal  ligaments,  and  the  sheath  of  the  tendon  of  the  Flexor  carpi  radialis. 
m  this  origin  the  greater  number  of  fibres  pass  obliquely  downward  and  con- 
ge to  a  tendon,  which,  uniting  with  the  tendons  of  the  medial  portion  of  the 
xor  pollicis  brevis  and  the  transverse  part  of  the  Adductor,  is  inserted  into 

ulnar  side  of  the  base  of  the  first  phalanx  of  the  thumb,  a  sesamoid  bone 
ig  present  in  the  tendon.  A  considerable  fasciculus,  however,  passes  more 
[quel y  beneath  the  tendon  of  the  Flexor  pollicis  longus  to  join  the  lateral  portion 
he  Flexor  brevis  and  the  Abductor  pollicis  brevis. 

'he  Adductor  pollicis  (transTorsus)  (Adductor  transveraus  pollicis)  (Fig.  53<i) 
;he  most  deeply  seated  of  this  group  of  muscles.  It  is  of  a  triangular  form 
iing  by  a  broad  base  from  the  lower  two-thirds  of  the  volar  surface  of  the 
■d  metacarpal  bone;  the  fibres  converge,  to  be  inserted  with  the  medial  part  of 

Flexor  pollicb  brevis  and  the  Adductor  pollicis  (obliquus)  into  the  ulnar  side 
the  base  of  the  first  phalanx  of  the  thumb. 

OTvm. — The  Abductor  brevis,  Opponens,  and  lateral  head  of  the  Flexor  poUicia  brevia  are 
ilied  by  the  sixth  and  seventh  cervical  nerves  through  the  median  nerve;  the  medial  head 
lie  Flexor  brevis,  and  the  Adductor,  by  the  eighth  cervical  through  the  ulnar  nerve, 
ctiona. — The  Abductor  pollicia  brevia  draws  the  thumb  forward  in  a  plane  at  r^t  angles 
iiat  o(  the  palm  of  the  hand.  The  Abductor  pollicis  is  the  opponent  of  this  muscle,  and  approxi- 
es  the  thumb  to  the  palm.  The  Opponens  pollicis  flexes  the  metacarpal  bone,  t.  e.,  draws 
ledialward  over  the  palm;  the  Flexor  pollicis  brevia  flexes  and  adducta  the  proximal  phalanx. 

2.  The  Medial  Volar  Muscles  (Figs.  533,  534). 

Palmaris  brevis.  Flexor  digiti  quinti  brevis. 

Abductor  digiti  quinti.  Opponens  digiti  quinti. 

?he  Palmaris  brevis  is  a  thin,  quadrilateral  muscle,  placed  beneath  the  integu- 
at  of  the  ulnar  side  of  the  hand.  It  arises  by  tendinous  fasciculi  from  the 
[isverse  carpal  ligament  and  palmar  aponeurosis;  the  fleshy  fibres  are  inserted 
)  the  skin  on  the  ulnar  border  of  the  palm  of  the  hand. 

'he  Abductor  digiti  quinti  (Abductor  minimi  digiti)  is  situated  on  the  ulnar 
der  of  the  palm  of  the  hand.  It  arises  from  the  pisiform  bone  and  from  the 
don  of  the  Flexor  carpi  ulnaris,  and  ends  in  a  flat  tendon,  which  divides  into  two 
s;  one  is  inserted  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the  little 
;er;  the  other  into  the  ulnar  border  of  the  aponeurosis  of  the  Extensor  digiti 
titi  proprius. 

'he  Flexor  di^ti  quitlti  brevis  (Flexor  brevis  minimi  digiti)  lies  on  the  same 
ne  as  the  preceding  muscle,  on  its  radial  side.  It  arises  from  the  convex  surface 
he  hamulus  of  the  hamate  bone,  and  the  volar  surface  of  the  transverse  carpal 
ment,  and  is  inserted  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the 
e  finger.  It  is  separated  from  the  Abductor,  at  its  origin,  by  the  deep  branches 
he  ulnar  arterj'  and  nerve.  This  muscle  is  sometimes  wanting;  the  Abductor 
[len,  usually,  of  large  size. 
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The  Opponens  digiti  qulnti  {Opponens  minimi  digiii)  (Fig.  533)  is  of  a  tri- 
aQgular  form,  and  placed  immediately  beneath  the  preceding  muscles.  It  arises 
from  the  convexity  of  the  hamulus  of  the  hamate  bone,  and  contiguous  portion 
of  the  transverse  carpal  ligament;  it  is  inserted  into  the  whole  length  of  the  meta- 
carpal bone  of  the  little  finger,  along  its  ulnar  margin. 

NflrTM. — All  the  muacles  of  this  group  are  supplied  by  the  eighth  cervical  nerve  through  the 

Actkuu. — The  Abductor  sod  Plexor  digiti  qulnti  brevis  abduct  the  little  finger  from  the  ring 
finger  and  aasiat  in  flexing  the  proximal  phalanx.  The  Opponens  digiti  quinti  draws  forward 
the  fifth  metacarpal  bone,  so  as  to  deepen  the  hoUow  of  the  palm.  The  Palmaris  brevis  corrugates 
tbe  skin  on  the  ulnar  side  of  the  palm. 

3.  The  Intermediate  Muscles. 

Lumbricales.  Interossei. 

The  LumbrieaJes  (Fig.  534)  are  four  small  fleshy  fasciculi,  associated  with  the 
tendons  of  the  Flexor  digitorum  profundus.  The  first  and  second  arise  from  the 
radial  sides  and  volar  surfaces  of  the  tendons  of  the  index  and  middle  fingers 
respectively;  the  third,  from  the  contiguous  sides  of  the  tendons  of  the  middle  and 
ring  fingers;  and  the  fourth,  from  the  contiguous  sides  of  the  tendons  of  the  ring 
and  little  fingers.  Each  passes  to  the  radial  side  of  the  corresponding  finger,  and 
opposite  the  metacarpophalangeal  articulation  is  inserted  into  the  tendinous 
expansion  of  the  Extensor  digitorum  communis  covering  the  dorsal  aspect  of  the 


FiQ.  635.~Tbe  Interoaaci  doiBalcs  of  left  hand.  Fio.  536.— The  iDterouei  voUres  of  left  tauid 

The  Interossei  (Figs.  535,  536)  are  so  named  from  occupying  the  intervals 
between  the  metacarpal  bones,  and  are  divided  into  two  sets,  a  dorsal  and  a  volar. 

The  Literossei  doreales  (Dorsal  interossei)  are  four  in  number,  and  occupy  the 
intep\'als  between  the  metacarpal  bones.  They  are  bipenniform  muscles,  each  arising 
by  two  heads  from  the  adjacent  sides  of  the  metacarpal  bones,  but  more  exten- 
sively from  the  metacarpal  bone  of  the  finger  into  which  the  muscle  is  inserted. 
They  are  inserted  into  Uie  bases  of  the  first  phalanges  and  into  the  aponeuroses 
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he  tendons  of  the  Extensor  digitonim  communis.  Between  the  double  origin 
ach  of  these  muscles  is  a  narrow  triangular  interval;  through  the  first  of  these 
radial  artery  passes;  through  each  of  the  other  three  a  perforating  branch  from 
deep  volar  arch  is  transmitted. 

he  first  or  Abductor  indicis  is  larger  than  the  others.  It  is  flat,  triangular  in 
a,  and  arises  by  two  heads,  separated  by  a  fibrous  arch  for  the  passage  of  the 
al  artery  from  the  dorsum  to  the  palm  of  the  hand.  The  lateral  head  ariseit 
a  the  proximal  half  of  the  ulnar  border  of  the  first  metacarpal  bone;  the  medial 
i,  from  almost  the  entire  length  of  the  radial  border  of  the  second  metacarpal 
e;  the  tendon  is  inserted  into  the  radial  side  of  the  index  finger.  The  aecond 
third  are  inserted  into  the  middfe  finger,  the  former  into  its  radial,  the  latter 
'  its  ulnar  side.  ITie  fourth  is  inserted  into  the  ulnar  side  of  the  ring  finger, 
he  biterossei  volaros  {Palmar  interossei),  three  in  number,  are  smaller  than  the 
:rossei  dorsales,  and  placed  upon  the  volar  surfaces  of  the  metacarpal  bones, 
ler  than  between  them.  Each  arises  from  the  entire  length  of  the  metacarpal 
e  of  one  finger,  and  is  inserted  into  the  side  of  the  base  of  the  first  phalanx  and 
neurotic  expansion  of  the  Extensor  communis  tendon  to  the  same  finger, 
he  first  arises  from  the  ulnar  side  of  the  second  metacarpal  bone,  and  is  inserted 
■  the  same  side  of  the  first  phalanx  of  the  index  finger.  The  seccoid  arises  from 
radial  side  of  the  fourth  metacarpal  bone,  and  is  inserted  into  the  same  side 
he  ring  finger.  The  third  arises  from  the  radial  side  of  the  fifth  metacarpal 
e,  and  is  inserted  into  the  same  side  of  the  little  finger.  From  this  account 
ay  he  seen  that  each  finger  is  provided  with  two  Interossei,  with  the  exception 
le  little  finger,  in  which  the  Abductor  takes  the  place  of  one  of  the  pair, 
s  already  mentioned  (p.  554),  the  medial  head  of  the  Flexor  poUicis  brevis  is 
etimes  described  as  the  Intflrosseus  Tolaris  primus. 

irroB. — The  two  lateral  Lumbricales  are  supplied  by  the  sixth  and  seventh  cervical  ner\'es, 
igh  the  third  and  fourth  digital  branches  of  the  median  nerve;  the  two  medial  Lumbricaleti 
all  the  Interoaaei  are  suppUed  by  the  eighth  cervical  nerve,  through  the  deep  palmar  branch 
e  ulnar  nerve.  The  third  Lurobricalis  frequently  receives  a  twig  from  the  median. 
tions.- — The  Interoaaei  volores  adduct  the  fingers  to  an  imaginary  line  dratm  longitudinally 
igh  the  centre  of  the  middle  finger;  and  the  Interossei  dorsales  abduct  the  fingers  from  thai 
In  addition  to  this  the  Interoaaei,  in  conjunction  with  the  Lmnbricalcs,  flex  the  first 
uiges  at  the  metacarpophalangeal  joints,  and  extend  the  second  and  third  phalanges  in 
!quence  of  their  insertions  into  the  expansions  of  the  Extensor  tendons.  The  Extensor 
orum  communis  is  believed  lo  act  almost  entirely  on  the  first  phalanges. 
plied  Anfttomr. — Id  considering  the  actions  of  the  various  muscles  upon  fraeturea  of  tho 
r  extremity,  the  moat  common  forms  of  injury  have  been  selected  bolb  for  illustration  and 

acture  of  the  middU  of  the  clavicle  (Fig,  537)  is  usually  attended  with  considerable  displacc- 
,  of  the  lateral  fragment,  which  is  drawn  downward  and  medialward,  and  at  the  same  time 
ed,  ao  that  its  lateral  end  is  carried  forward  and  ita  medial  end  backward, 
le  displacement  is  produced  aa  follows:  the  lateral  fragment  is  drawn  doimiinard  by  the 
lit  of  the  arm,  the  Trapezius  not  being  able  to  support  this.  It  is  drawn  medialward  by  the 
lavius  and  Pectoralis  minor,  possibly  assisted  by  the  Pectoralis  major  and  Latissimus  dorsi; 
is  rotated  on  an  axis  drawn  through  its  own  centre  by  the  Serratus  anterior,  which  causes 
capula  to  rotate  on  the  wall  of  the  chest,  and  carries  the  acromion  and  the  end  of  the  lateral 
nent  of  the  clavicle  forward,  and  so  carries  the  medial  end  of  the  lateral  portion  backward. 
causes  of  displacement  having  been  ascertained,  it  is  easy  to  apply  the  appropriate  treat- 
..  The  lateral  fragment  is  to  be  drawn  lateralward,  and,  together  with  the  scapula,  raised 
level  with  the  medial  fragment,  and  retained  in  that  position, 

fracture  of  the  acromial  end  of  the  elavick,  between  the  conoid  and  trapezoid  ligaments, 
slight  displacement  occiu^,  as  these  ligaments,  from  their  obhque  insertion,  serve  to  hold 
portions  of  the  bone  in  apposition.  Fracture,  also,  of  the  atemal  ertd,  medial  to  the  eoato- 
eular  ligament,  is  attended  with  only  slight  displacement,  this  ligament  serving  to  retain 
ragments  in  close  apposition. 

acture  of  the  acromion  is  usually  caused  by  violence  applied  to  the  upper  and  lateral  part 
e  shoulder.  There  is  great  displacement;  the  lateral  fragment  being  drawn  downward  by 
■eight  of  the  arm,  and  rotated  forward  and  medialward,  so  that  it  forms  a  right  angle  with  the 
)f  the  bone. 
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Fracture  of  the  surgical  neck  of  Ihe  humerus  {Fig.  538)  is  very  common.  It  ia  attended  with 
considerable  diEpla(«ment,  and  its  appearances  correspond  somewhat  with  those  of  dislocation 
of  the  head  of  the  humerus  into  the  axiila.  The  upper  fragment  remains  in  its  place  under  the 
coracoacmmial  ligament;  the  lower  is  drawn  medialward  by  the  Pectoralis  major,  Latissimus 
dorsi,  and  Teres  major;  and  the  humerus  is  thrown  obliquely  from  the  side  of  the  chest  by  the 
Deltoideus,  and  occasionally  elevated  so  as  to  cause  the  upper  end  of  the  lower  fragment  to 
project  beneath  and  in  front  of  the  coracoid  process.  The  deformity  is  reduced  by  fixing  the 
shoulder,  and  drswiog  the  arm  lateralward  and  downward.  To  countCTact  the  opposing  muscles, 
and  to  keep  the  fragments  in  position,  a  cone-shaped  pad  should  be  placed  in  the  axilla,  and  the 
arm  bandaged  to  the  aide  by  a  broad  roller  passed  around  the  cheet  in  such  a  manner  that  the 
elbow  is  carried  slightly  forward,  so  as  to  throw  the  upper  end  of  the  lower  fragment  backward 
and  lat^alward  toward  the  head  of  the  bone.  The  whole  ia  then  covered  with  a  carefully  moulded 
futta-percha  or  periplastic  shoulder  cap. 


In  fracture  of  the  body  of  the  kuinenia  below  the  insertion  of  the  Pectoralis  major,  Latissimus 
doral,  and  Teres  major,  and  above  the  insertion  of  the  Deltoideus,  there  is  also  considerable 
defDrmity,  the  upper  fragment  being  drawn  medialward  by  the  first-mentioned  muscles,  and  the 
lower  fragment  upward  and  lateralward  by  the  Deltoideus.  Shortening  of  the  limb  results,  wilh 
a  considerable  prominence  at  the  seat  of  fracture,  from  the  fractured  ends  of  the  bone  riding  over 
one  another,  especially  if  the  fracture  take  place  in  an  oblique  direction.  .The  fragments  may  be 
brought  into  apposition  by  extension  from  the  elbow,  and  retained  in  that  position  by  adopting 
the  same  means  as  in  the  preceding  injury. 

In  fracture  of  the  body  of  Ike  humerus  immediately  below  the  insertion  of  the  Deltoideus  the 
amount  of  deformity  depends  greatly  upon  the  direction  of  the  fracture.  If  it  occur  in  a  trans- 
feree direction,  only  slight  displacement  takes  place,  the  upper  fragment  being  drawn  a  little 
forward;  but  in  oblique  fracture,  the  combined  actions  of  the  Biceps  brachii  and  Brachialis  in 
front  and  the  Triceps  brachii  behind  draw  upward  the  lower  fragment,  causing  it  to  glide  over 
the  upper,  either  backward  or  forward,  according  to  the  direction  of  the  fracture.  Simple  exten- 
sion reduces  the  deformity,  and  the  application  of  a  shoulder  cap  and  splints  to  the  arm  will 
felain  the  fragments  in  apposition. 

Fracture  of  the  humerus  (Fig.  539)  immediately  above  the  condyles  deseri'es  very  attentive 
f^^eration,  as  the  general  appearances  correspond  somewhat  with  those  produced  by  separa- 
tion of  the  epiphysis  of  the  humerus,  and  with  those  of  dislocation  of  the  radius  and  ulna  back- 
■*"'■  If  the  direction  of  the  fracture  is  oblique,  from  above,  downward  and  forward,  the  lower 
^Hment  is  drawn  upward  by  the  Brachialis  and  Biceps  brachii  in  front,  and  the  Triceps  brachii 
wliiiid;  andat  the  same  time  is  drawn  backward  behind  the  upper  fragment  by  Ihe  Triceps  brachii. 
Tiii'  fracture  may  be  diagnosticated  from  dislocation,  by  the  increii.'<ed  mobility,  the  existence 
"'crepitus,  and  the  fact  that  the  deformity  is  remedied  by  extension,  but  is  reproduced  on  the 
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B  of  importance  in  dtBtinEuishing  this  form  of  injury 
ises  where  the  injury  has  been  produced  by  falls  on 
xd  and  forward,  causing  a.  considerable  prominence 
ward  beneath  the  tendon  of  the  Triceps  brachii. 
,e  detached  fragment  is  displaced  upward,  by  the 
,;  the  prominence  of  the  elbow  is  consequently  lost, 
f  the  joint,  which  is  much  increased  on  flexing  the 
more  or  less,  the  power  of  extending  the  forearm, 
nts  together;  but  if  for  some  reason  this  operation 
I  by  strapping  or  a  figure<if-eight  bandage,  and  the 
to  relax  the  Triceps  brachii.  Massage  and  passive 
■  of  ankylosis.    Union,  when  wiring  is  not  resorted 


;ion  of  the  Biceps  brachii,  but  above  the  ii 
strongly  supinated  by  the  Biceps  brachii  and  Supi- 
jid  flexed  by  the  Biceps  brachii;  the  lower  fragment 
Qth  Pronators.    Thus  there  is  extreme  displacement 
a  fracture  the  arm  must  be  put  up  in  a  position  of 
with  great  impairment  of  the  movements  of  the 
nsertion  of  the  Pronator  teres  (Fig,  541},  the  upper 
fragment  is  drawn  upward  by  the  Biceps  brachii 
and  medialward   by  the   Pronator   teres,  into   a 
position  midway  between  pronation  and  supina- 
tion, and  a  degree  of  fulness  in  the  upper  half 
of  the    forearm   is  thus  produced.    The    lower 
fragment  is  drawn  downward  toward  the  ulna 
and  pronated  by  the  Pronator  quadratus;    at 
the  same  time,  the  Brachioradialis,  by  e!e\-ating 
the  styloid  process,  into  which  it  is  inserted,  will 
serve  to  depress  the  upper  end  of  the  lower  frag- 
ment still  more  toward  the  ulna.    In  order    to 
relax  the  opposing  muscles  the  forearm  should  be 
bent,  and  the  limb  placed  in  a  position  midway 
Bture  is  then  easily  reduced  by  extension  from  the 
Id  be  applied  on  both  sides  of  the  forearm  from  the 

er  fragment  retains  its  usual  position,  but  the  tower 
'  quadratus,  producing  a  well-marked  depression  at 
dorsal  and  volar  surfaces  of  the  forearm.  The  frac- 
e  wrist  and  elbow.  The  forearm  should  be  flexed, 
pronation  and  supination,  and  well-padded  splints 
iRcrs. 
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In  fracture  of  the  bodies  of  the  radius  and  ulna  together ,  the  lower  fragments  are  drawn  upward, 
sometimes  forward,  sometimes  backward,  according  to  the  direction  of  the  fracture,  by  the 
combined  actions  of  the  Flexor  and  Extensor  muscles,  producing  a  degree  of  fulness  on  either  the 
dorsal  or  volar  surface  of  the  forearm.  At  the  same  time  the  lower  fragments  are  drawn  into 
contact  by  the  Pronator  quadratus,  the  radius  being  in  a  state  of  pronation.  The  upper  frag- 
ment of  the  radius  is  drawn  upward  and  medialward  by  the  Biceps  brachii  and  Pronator  teres 
to  a  higher  level  than  the  ulna;  the  upper  portion  of  the  ulna  is  slightly  elevated  by  the  Brachialis. 
The  fracture  may  be  reduced  by  extension  from  the  wrist  and  elbow,  and  the  forearm  should 
be  placed  in  the  same  position  as  in  fracture  of  the  ulna. 


Fig.  542.'^Fracture  of  the  lower  end  of  the  radius. 

In  fracture  of  the  lower  end  of  the  radius  (Fig.  542)  the  displacement  produced  is  very  con- 
siderable, and  bears  some  resemblance  to  dislocation  of  the  carpus  backward,  from  which  it 
should  be  carefully  distinguished.  The  lower  fragment  is  displaced  backward  and  upward, 
but  this  displacement  is  due  to  the  force  of  the  blow  driving  the  portion  of  the  bone  into  this 
position,  and  not  to  any  muscular  influence.  The  upper  fragment  projects  forward,  often  lacerat- 
ing the  substance  of  the  Pronator  quadratus,  and  is  drawn  by  this  muscle  into  close  contact  with 
the  bwer  end  of  the  ulna,  causing  a  projection  on  the  volar  surface  of  the  forearm,  immediately 
above  the  carpus,  from  the  Flexor  tendons  being  thrust  forward.  This  fracture  may  be  distin- 
guished from  dislocation  by  the  relative  positions  of  the  styloid  processes  of  the  radius  and  ulna 
(the  former  of  which  is  displaced  upward  in  fracture)  and  by  the  deformity  being  removed  on 
making  sufficient  extension,  when  crepitus  may  be  occasionally  detected.  The  age  of  the  patient 
will  assist  in  determining  whether  the  injury  is  fracture  or  separation  of  the  epiphysis.  The 
treatment  consists  in  flexing  the  forearm,  and  making  powerful  extension  from  the  wrist  and 
elbow,  depressing  at  the  same  time  the  radial  side  of  the  hand,  and  retaining  the  parts  in  a  posi- 
tion of  adduction  toward  the  ulnar  side. 


THE  MUSCLES  AND  FASCUB  OF  THE  LOWER  EXTBEMITT. 

The  muscles  of  the  lower  extremity  are  subdivided  into  groups  corresponding 
with  the  different  regions  of  the  limb. 

I.  Muscles  of  the  Iliac  Region.  III.  Muscles  of  the  Leg. 

II.  Muscles  of  the  Thigh.  IV.  Muscles  of  the  Foot. 


.1.    THE  MUSCXES  AND  FASCIiE  OF  THE  lUAC  REGION  (Fig.  543). 

Psoas  major.  Psoas  minor.  Iliacus. 

Dissection. — No  detailed  description  is  required  for  the  dissection  of  these  muscles.  On  the 
removal  of  the  viscera  from  the  abdomen  they  are  exposed,  covered  by  the  peritoneum  and  a 
thin  layer  of  fascia,  the  iliac  fascia. 

The  Fascia  Coyerinff  the  Psoas  and  Iliacus  is  thin  above,  and  becomes  gradually 
thicker  below  as  it  approaches  the  inguinal  ligament. 

The  portion  covering  the  Psoas  is  thickened  ahme  to  form  the  medial  lumbo- 
costal arch,  which  stretches  from  the  transverse  process  of  the  first  lumbar  vertebra 
to  the  body  of  the  second.    Medially,  it  is  attached  by  a  series  of  arched  processes 
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to  the  intervertebral  fibrocartilages,  and  promi- 
nent margins  of  the  bodies  of  the  vertebne, 
and  to  the  upper  part  of  the  sacrum;  the  intcr- 
'  vals  left,  opposite  the  constricted  portions  of 
the  bodies,  transmit  the  lumbar  arteries  and 
veins  and  filaments  of  the  sympathetic  trunk. 
Laterally,  above  the  crest  of  the  ilium,  it  is 
continuous  with  the  fascia  cohering  the  front 
of  the  Quadratus  lumborum  (see  page  510), 
while  below  the  crest  of  the  ilium  it  is  con- 
tinuous with  the  fascia  covering  the  Iliacus. 

The  portions  inveadBK  the  Iliaciis  (fascia  Uiaca; 
iliac  fascia)  is  connected,  laierally  to  the  whole 
length  of  the  inner  lip  of  the  iliac  crest;  and 
medially,  to  the  linea  terminalis  of  the  lesser 
pelvis,  where  it  is  continuous  with  the  peri- 
osteum. At  the  iliopectineal  eminence  it  re- 
ceives the  tendon  of  insertion  of  the  Psoas 
minor,  when  that  muscle  exists.  Lateral  to  the 
femoral  vessels  it  is  intimateh'  connected  to 
the  posterior  margin  of  the  inguinal  ligament, 
and  is  continuous  with  the  transversalis  fascia. 
Immediately  lateral  to  the  femoral  vessels  the 
iliac  fascia  is  prolonged  backward  and  medial- 
ward  from  the  inguinal  ligament  as  a  band, 
the  iliopectiiieal  fascia,  which  is  attached  to 
the  iliopectineal  eminence.  This  fascia  divides 
the  space  between  the  inguinal  ligament  and 
the  hip  bone  into  two  lacunse  or  compart- 
ments, the  medial  of  which  transmits  the 
femoral  vessels,  the  lateral  the  Psoas  major 
and  Iliacus  and  the  femoral  ne^^■e.  Medial 
to  the  vessels  the  iliac  fascia  is  attached  to 
the  pectineal  line  behind  the  inguinal  apon- 
eurotic falx,  where  it  is  again  continuous  with 
the  transversalis  fascia.  On  the  thigh  the 
fascife  of  the  Iliacus  and  Psoas  form  a  single 
sheet  termed  the  iliopectineal.  fascia.  Where 
the  external  iliac  vessels  pass  into  the  thigh,  the 
fascia  descends  behind  them,  forming  the  pos- 
terior wall  of  the  femoral  sheath.  The  portion 
of  the  iliopectineal  fascia  which  passes  behind 
the  femoral  vessels  is  also  attached  to  the 
pectineal  line  beyond  the  limits  of  the  attach- 
ment of  the  inguinal  aponeurotic  falx;  at  this 
part  it  is  continuous  with  the  pectineal  fascia. 
The  external  iliac  vessels  lie  in  front  of  the 
iliac  fascia,  but  all  the  branches  of  the  lumbar 
plexus  are  behind  it;  it  is  separated  from  the 
peritoneum  by.  a  -  quantity  of  loose  areolar 
tissue. 

The  Psoas  major  {Psoas  magnvs)  (Fig.  o4;j) 
is  a  long  fusiform  muscle  placed  on  the  side 
of  the  lumbar  region  of  the  vertebral  column 
and   brim   of  the  lesser  pelvis.    It  arises    (1) 
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from  the  anterior  surfaces  of  the  bases  and  lower  borders  of  the  transverse  processes 
of  all  the  lumbar  vertebrae;  (2)  from  the  sides  of  the  bodies  and  the  corresponding 
intervertebral  fibrocartilages  of  the  last  thoracic  and  all  the  lumbar  vertebrae 
by  five  slips,  each  of  which  is  attached  to  the  adjacent  upper  and  lower  margins 
of  two  vertebrse,  and  to  the  intervertebral  fibrocartilage;  (3)  from  a  series  of 
tendinous  arches  which  extend  across  the  constricted  parts  of  the  bodies  of  the 
lumbar  vertebrae  between  the  previous  slips;  the  lumbar  arteries  and  veins,  and 
filaments  from  the  sympathetic  trunk  pass  beneath  these  tendinous  arches.  The 
muscle  proceeds  downward  across  the  brim  of  the  lesser  pelvis,  and  diminishing 
gradually  in  size,  passes  beneath  the  inguinal  ligament  and  in  front  of  the  capsule 
of  the  hip-joint  and  ends  in  a  tendon;  the  tendon  receives  nearly  the  whole  of 
the  fibres  of  the  Iliacus  and  is  inserted  into  the  lesser  trochanter  of  the  femur. 
A  large  bursa  which  may  communicate  with  the  cavity  of  the  hip-joint,  separates 
the  tendon  from  the  pubis  and  the  capsule  of  the  joint. 

RelatioiiB. — In  the  abdomen  the  Psoas  major  is  in  relation  by  its  anterior  surface  with  the 
medial  lumbocostal  arch,  the  fascia  covering  the  muscle,  the  extraperitoneal  fat  and  peritoneum, 
the  kidney,  Psoas  minor,  renal  vessels,  uretec,  spermatic  vessels,  and  genitofemoral  nerve.  In 
front  of  the  right  Psoas  is  the  inferior  vena  cava  and  the  terminal  portion  of  the  ileum,  and  in 
front  of  the  left  the  iUac  colon.  By  its  posterior  surface  it  is  in  relation  with  the  transverse 
processes  of  the  lumbar  vertebrae,. and  the  Quadratus  lumborum.  The  lumbar  plexus  is  situated 
in  the  posterior  part  of  the  substance  of  the  muscle.  By  its  medial  sidcj  the  muscle  is  in  relation 
with  the  bodies  of  the  lumbar  vertebrae,  the  lumbar  arteries,  the  gangliated  trunk  of  the  sympar 
thetic,  and  the  lumbar  l3rmph  glands;  with  the  inferior  vena  cava  on  the  right,  and  the  aorta  on 
the  left  side,  and  along  the  brim  of  the  pelvis  with  the  external  iliac  artery. 

In  the  thigh  it  is  in  relation,  in  front j  with  the  fascia  lata;  hehmdy  with  the  capsule  of  the  hip- 
joint,  from  which  it  is  separated  by  a  bursa;  by  its  medial  border,  with  the  Pectineus  and  medial 
circumflex  femoral  artery,  and  also  with  the  femoral  artery,  which  slightly  overlaps  it;  by  its 

lateral  border,  with  the  femoral  nerve  and  Iliacus. 

* 

The  Psoas  minor  (Psoas  parvus)  is  a  long  slender  muscle,  placed  in  front  of  the 
Psoas  major.  It  arises  from  the  sides  of  the  bodies  of  the  twelfth  thoracic  and  first 
lumbar  vertebrae  and  from  the  fibrocartilage  between  them.  It  ends  in  a  long 
flat  tendon  which  is  inserted  into  the  pectineal  line  and  iliopectineal  eminence, 
and,  by  its  lateral  border,  into  the  iliac  fascia.    This  muscle  is  often  absent. 

The  Iliacus  is  a  flat,  triangular  muscle,  which  fills  the  iliac  fossa.  It  arises  from 
the  upper  two-thirds  of  this  fossa,  and  from  the  inner  lip  of  the  iliac  crest;  behind, 
from  the  anterior  sacroiliac  and  the  iliolumbar  ligaments,  and  base  of  the  sacrum; 
in  front,  it  reaches  as  far  as  the  anterior  superior  and  anterior  inferior  iliac  spines, 
and  the  notch  between  them.  The  fibres  converge  to  be  inserted  into  the  lateral 
side  of  the  tendon  of  the  Psoas  major,  some  of  them  being  prolonged  on  to  the  body 
of  the  femur  for' about  2.5  cm.  below  and  in  front  of  the  lesser  trochanter.^ 

SalatioiiB. — Within  the  abdomen  the  Iliacus  is  in  relation  by  its  anterior  surface  with  the  iliac 
fascia,  which  separates  the  muscle  from  the  extraperitoneal  fat  and  peritoneum,  and  with  the 
lateral  femoral  cutaneous  nerve;  on  the  right  side,  with  the  cecum;  on  the  left  side,  with  the  iliac 
colon ;  by  its  posterior  surface,  with  the  iliac  fossa;  by  its  medial  border,  with  the  Psoas  major  and 
femoral  nerve. 

In  the  thigh,  it  is  in  relation,  by  its  anterior  surface,  with  the  fascia  lata,  Rectus  femoris,  Sar- 
torius,  and  profunda  femoris  artery;  behind,  with  the  capsule  of  the  hip-joint,  a  bursa  common 
to  it  and  the  Psoas  major  being  interposed. 

Nerves. — The  Psoas  major  is  supplied  by  branches  of  the  second  and  third  lumbar  nerve; 
the  Psoas  minor  by  a  branch  of  the  first  lumbar  nerve;  and  the  Iliacus  by  branches  of  the  second 
and  third  lumbar  nerves  through  the  femoral  nerve. 

ActionB.-^The  Psoas  major,  acting  from  above,  flexes  the  thigh  upon  the  pelvis,  being  assisted 
by  the  Iliacus;  acting  from  below,"  with  the  femur  fixed,  it  bends  the  lumbar  portion  of  the  verte- 
bral column  forward  and  to  its  own  side,  and  then,  in  conjimction  with  the  Iliacus,  tilts  the  pelvis 
forward.    When  the  muscles  of  both  sides  are  acting  from  below,  they  serve  to  maintain  the 

1  The  Psoas  major  and  iliaciu  are  someiiines  regarded  as  a  single  muecle  named  the  Iliop»oa». 
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to  the  intervertebral  fibrocartilages,  and  promi- 
nent margins  of  the  bodies  of  the  vertebne, 
and  to  the  upper  part  of  the  sacrum ;  the  inter- 
'  vals  left,  opposite  the  constricted  portions  of 
the  bodies,  transmit  the  lumbar  arteries  and 
veins  and  filaments  of  the  sympathetic  trunk. 
Laterally,  above  the  crest  of  the  ilium,  it  is 
continuous  with  the  fascia  co^'cring  the  front 
of  the  Quadratus  lumborum  (see  page  510), 
while  below  the  crest  of  the  ilium  it  is  con- 
tinuous with  the  fascia  covering  the  Iliacus. 

The  portitHis  inresting  the  Iliacus  (fascia  iUaca; 
iliac  jascia)  is  connected,  laterally  to  the  whole 
length  of  the  inner  lip  of  the  iliac  crest;  and 
medially,  to  the  linea  terminalis  of  the  lesser 
pelvis,  where  it  is  continuous  with  the  peri- 
osteum, At  the  iliopectineal  eminence  it  re- 
ceives the  tendon  of  insertion  of  the  Psoas 
minor,  when  that  muscle  exists.  Lateral  to  the 
femoral  vessels  it  is  intimately  connected  to 
the  posterior  margin  of  the  inguinal  ligament, 
and  is  continuous  with  the  transversalis  fascia. 
Immediately  lateral  to  the  femoral  vessels  the 
iliac  fascia  is  prolonged  baciiward  and  medial- 
ward  from  the  inguinal  ligament  as  a  band, 
the  iliopectineal  fascia,  which  is  attached  to 
tlie  iliopectineal  eminence.  This  fascia  divides 
the  space  between  the  inguinal  ligament  and 
the  hip  bone  into  two  lacunw  or  compart- 
ments, the  medial  of  which  transmits  the 
femoral  \'essels,  the  lateral  the  Psoas  major 
and  Iliacus  and  the  femoral  nerve.  Medial 
to  the  vessels  the  iliac  fascia  is  attached  to 
the  pectineal  line  behind  the  inguinal  apon- 
eurotic falx,  where  it  is  again  continuous  with 
the  transversalis  fascia.  On  the  thigh  the 
fascife  of  the  Iliacus  and  Psoas  form  a  single 
sheet  termed  the  iliopectineal.  fascia.  Where 
the  external  iliac  vessels  pass  into  the  thigh,  the 
fascia  descends  behind  them,  forming  the  pos- 
terior wall  of  the  femoral  sheath.  The  portion 
of  the  iliopectineal  fascia  which  passes  behind 
the  femoral  vessels  is  also  attached  to  the 
pectineal  line  beyond  the  limits  of  the  attach- 
ment of  the  inguinal  aponeurotic  falx;  at  this 
part  it  is  continuous  with  the  pectineal  fascia. 
The  external  iliac  vessels  lie  in  front  of  the 
iliac  fascia,  but  all  the  branches  of  the  lumbar 
plexus  are  behind  it;  it  is  separated  from  the 
peritoneum  by.  a  ■  quantity  of  loose  areolar 
tissue. 

The  Psoas  major  {Psoas  magmis)  (Fig.  543) 
is  a  long  fusiform  muscle  placed  on  the  side 
of  the  lumbar  region  of  the  vertebral  column 
and    brim  of  the  lesser  pelvis.    It  arises   (1) 
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from  the  anterior  surfaces  of  the  bases  and  lower  borders  of  the  transverse  processes 
of  all  the  lumbar  vertebrse;  (2)  from  the  sides  of  the  bodies  and  the  corresponding 
interv^ertebral  fibrocartilages  of  the  last  thoracic  and  all  the  lumbar  vertebrae 
by  five  slips,  each  of  which  is  attached  to  the  adjacent  upper  and  lower  margins 
of  two  vertebrae,  and  to  the  intervertebral  fibrocartilage;  (3)  from  a  series  of 
tendinous  arches  which  extend  across  the  constricted  parts  of  the  bodies  of  the 
lumbar  vertjebrae  between  the  previous  slips;  the  lumbar  arteries  and  veins,  and 
filaments  from  the  sympathetic  trunk  pass  beneath  these  tendinous  arches.  The 
muscle  proceeds  downward  across  the  brim  of  the  lesser  pelvis,  and  diminishing 
gradually  in  size,  passes  beneath  the  inguinal  ligament  and  in  front  of  the  capsule 
of  the  hip-joint  and  ends  in  a  tendon;  the  tendon  receives  nearly  the  whole  of 
the  fibres  of  the  Iliacus  and  is  inserted  into  the  lesser  trochanter  of  the  femur. 
A  large  bursa  which  may  communicate  with  the  cavity  of  the  hip-joint,  separates 
the  tendon  from  the  pubis  and  the  capsule  of  the  joint. 

BelatioiiB. — In  the  abdomen  the  Psoas  major  is  in  relation  by  its  arUeiior  swrface  with  the 
medial  lumbocostal  arch,  the  fascia  covering  the  muscle,  the  extraperitoneal  fat  and  peritoneum, 
the  kidney,  Psoas  minor,  renal  vessels,  uretec,  spermatic  vessels,  and  genitofemoral  nerve.  In 
front  of  the  right  Psoas  is  the  inferior  vena  cava  and  the  terminal  portion  of  the  ileum,  and  in 
front  of  the  left  the  iliac  colon.  By  its  posterior  vwrjace  it  is  in  relation  with  the  transverse 
processes  of  the  lumbar  vertebrae,. and  the  Quadratus  lumborum.  The  limibar  plexus  is  situated 
in  the  posterior  part  of  the  substance  of  the  muscle.  By  its  medial  sidey  the  muscle  is  in  relation 
with  the  bodies  of  the  lumbar  vertebrae,  the  lumbar  arteries,  the  gangliated  trunk  of  the  sympa- 
thetic, and  the  lumbar  l3rmph  glands;  with  the  inferior  vena  cava  on  the  right,  and  the  aorta  on 
the  left  side,  and  along  the  brim  of  the  pelvis  with  the  external  iliac  artery. 

In  the  thigh  it  is  in  relation,  in  frontf  with  the  fascia  lata;  behind,  with  the  capsule  of  the  hip- 
joint,  from  which  it  is  separated  by  a  bursa;  by  its  medial  border,  with  the  Pectineus  and  medial 
circumflex  femoral  artery,  and  also  with  the  femoral  artery,  which  slightly  overlaps  it;  by  its 
lateral  border,  with  the  femoral  nerve  and  Iliacus. 

The  Psoas  minor  {Psoas  parvus)  is  a  long  slender  muscle,  placed  in  front  of  the 
Psoas  major.  It  arises  from  the  sides  of  the  bodies  of  the  twelfth  thoracic  and  first 
lumbar  vertebrae  and  from  the  fibrocartilage  between  them.  It  ends  in  a  long 
flat  tendon  which  is  inserted  into  the  pectineal  line  and  iliopectineal  eminence, 
and,  by  its  lateral  border,  into  the  iliac  fascia.    This  muscle  is  often  absent. 

The  Iliacus  is  a  flat,  triangular  muscle,  which  fills  the  iliac  fossa.  It  arises  from 
the  upper  two-thirds  of  this  fossa,  and  from  the  inner  lip  of  the  iliac  crest;  behind, 
from  the  anterior  sacroiliac  and  the  iliolumbar  ligaments,  and  base  of  the  sacrum; 
in  front,  it  reaehes  as  far  as  the  anterior  superior  and  anterior  inferior  iliac  spines, 
and  the  notch  between  them.  The  fibres  converge  to  be  inserted  into  the  lateral 
side  of  the  tendon  of  the  Psoas  major,  some  of  them  being  prolonged  on  to  the  body 
of  the  femur  for' about  2.5  cm.  below  and  in  front  of  the  lesser  trochanter.* 

Relations. — Within  the  abdomen  the  Iliacus  is  in  relation  by  its  anterior  surface  with  the  iliac 
fascia,  which  separates  the  muscle  from  the  extraperitoneal  fat  and  peritoneum,  and  with  the 
lateral  femoral  cutaneous  nerve;  on  the  right  side,  with  the  cecum;  on  the  left  side,  with  the  iliac 
colon;  by  its  posterior  surface,  with  the  iliac  fossa;  by  its  medial  border,  with  the  Psoas  major  and 
femoral  nerve. 

In  the  thigh,  it  is  in  relation,  by  its  anterior  surface,  with  the  fascia  lata,  Rectus  femoris,  Sar- 
torius,  and  profunda  femoris  artery;  behind,  with  the  capsule  of  the  hip-joint,  a  bursa  common 
to  it  and  the  Psoas  major  being  interposed. 

Nenres. — The  Psoas  major  is  supplied  by  branches  of  the  second  and  third  lumbar  nerve; 
the  Psoas  minor  by  a  branch  of  the  first  lumbar  nerve;  and  the  Iliacus  by  branches  of  the  second 
and  third  lumbar  nerves  through  the  femoral  nerve. 

AetUms.-^The  Psoas  major,  acting  from  above,  flexes  the  thigh  upon  the  pelvis,  being  assisted 
by  the  Iliacus;  acting  from  below,*  with  the  femur  fixed,  it  bends  the  lumbar  portion  of  the  verte- 
bral column  forward  and  to  its  own  side,  and  then,  in  conjunction  with  the  Iliacus,  tilts  the  pelvis 
forward.    When  the  muscles  of  both  sides  are  acting  from  below,  they  serve  to  maintain  the 

^  The  Psoas  major  and  iliacua  are  sometimes  regarded  as  a  single  muscle  named  the  Iliopsoa9. 
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erect  posture  by  supporting  the  vertebral  column  and  pelvis  upon  the  femora,  or  in  continued 
action  bend  the  trunk  and  pelvis  forward,  as  in  raising  the  trunk  from  the  recumbent  posture. 

The  Psoas  minor  is  a  tensor  of  the  iliac  fascia. 

Applied  Anatomy. — There  is  no  definite  septum  between  the  portions  of  fascia  covering  the 
Psoas  and  Iliacus  respectively,  and  the  fascia  is  only  connected  to  the  subjacent  muscles  by  a 
quantity  of  loose  connective  tissue.  When  an  abscess  forms  beneath  this  fascia,  as  it  is  very 
apt  to  do,  the  matter  is  contained  in  an  osseofibrous  cavity  which  is  closed  on  all  sides  within  the 
abdomen,  and  is  open  only  at  its  lower  part,  where  the  fascia  is  prolonged  over  the  muscles  into 
the  thigh. 

Abscess  within  the  sheath  of  the  Psoas  major  (psoas  abscess)  is  generally  due  to  tuberculous 
caries  of  the  bodies  of  the  iower  thoracic  or  the  lumbar  vertebrse.  When  the  disease  is  in  the 
thoracic  region,  the  matter  tracks  down  the  posterior  mediastinal  cavity  in  front  of  the  bodies 
of  the  vertebra;,  and,  passing  beneath  the  medial  lumbocostal  arch,  enters  the  sheath  of  the  Psoas, 
down  which  it  travels  as  far  as  the  pelvic  brim ;  it  then  gets  beneath  the  iliac  portion  of  the  fascia, 
and  fills  up  the  iliac  fossa.  In  consequence  of  the  attachment  of  the  fascia  to  the  arcuate  line, 
it  rarely  finds  its  way  into  the  lesser  pelvis,  but  passes  by  a  narrow  opening  under  the  inguinal 
ligament  into  the  thigh,  lateral  to  the  femoral  vessels.  It  thus  follows  that  a  psoas  abscess  may 
be  described  as  consisting  of  four  parts:  (1)  a  somewhat  narrow  channel  at  its  upper  part,  in 
the  psoas  sheath;  (2)  a  dilated  sac  in  the  iliac  fossa;  (3)  a  constricted  neck  under  the  inguinal 
ligament,  and  (4)  a  dilated  sac  in  the  upper  part  of  the  thigh.  When  the  lumbar  vertebra?  are 
the  seat  of  the  disease,  the  matter  finds  its  way  directly  into  the  substance  of  the  Psoas.  The 
muscular  fibres  are  destroyed,  and  the  nerves  contained  in  the  abscess  are  isolated  and  exposed 
in  its  interior;  the  iliac  vessels  which  lie  in  front  of  the  fascia  remain  intact,  and  the  peritoneum 
seldom  becomes  implicated.  All  psoas  abscesses  do  not,  however,  pursue  this  course;  the  matter 
may  leave  the  sheath  of  the  muscle  above  the  crest  of  the  ilium,  and  tracking  backward  may  point 
in  the  loin  (lumbar  abscess);  or  it  may  point  above  the  inguinal  ligament  in  the  inguinal  region; 
or  it  may  follow  the  course  of  the  branches  of  the  hypogastric  vessels  into  the  lesser  pelvis,  and, 
passing  through  the  greater  sciatic  foramen,  discharge  itself  on  the  back  of  the  thigh. 


n.     THE  MUSCLES  AND  FASCIA  OF  THE  THIGH. 


1.  The  Anterior  Femoral  Muscles  (Fig.  543). 


Tensor  fasciae  latae. 
Sartorius. 


Quadriceps 
femoris. 

Articularis  genu. 


r  Rectus  femoris. 
Vastus  lateralis. 
Vastus  medialis. 
Vastus  intermedius. 


Dissection. — To  expose  the  muscles  and  fasciae  in  this  region,  make  an  incision  along  the  inguinal 
ligament,  from  the  anterior  superior  spine  of  the  ilium  to  the  spine  of  the  pubis;  a  vertical  incision 
from  the  centre  of  this,  along  the  middle  of  the  thigh  to  below  the  knee-joint;  and  a  transverse 
incision  from  the  inner  to  the  outer  side  of  the  leg,  at  the  lower  end  of  the  vertical  incision.  The 
flaps  of  integument  having  been  removed,  the  superficial  and  deep  fasciae  should  be  examined. 
The  more  advanced  student  should  commence  the  study  of  this  region  by  an  examination  of  the 
anatomy  of  femoral  hernia  and  femoral  triangle,  the  incisions  for  the  dissection  of  which  are 
marked  out  in  Fig.  544. 

Superficial  Fascia. — The  superficial  fascia  forms  a  continuous  layer  over  the  whole 
of  the  thigh ;  it  consists  of  areolar  tissue  containing  in  its  meshes  much  fat,  and  may 
be  separated  into  two  or  more  layers,  between  which  are  found  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb;  in  the  groin 
it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  superficial 
inguinal  lymph  glands,  the  great  saphenous  vein,  and  several  smaller  vessels. 
The  superficial  layer  is  continuous  above  with  the  superficial  fascia  of  the  abdomen. 
The  deep  layer  of  the  superficial  fascia  is  a  very  thin,  fibrous  stratum,  best  marked 
on  the  medial  side  of  the  great  saphenous  vein  and  below  the  inguinal  ligament. 
It  is  placed  beneath  the  subcutaneous  vessels  and  nerves  and  upon  the  surface  of  the 
fascia  lata.  It  is  intimately  adherent  to  the  fascia  lata  a  little  b-elow  the  inguinal 
ligament.  It  covers  the  fossa  ovalis  (saphenous  opening),  being  closely  united  to 
its  circumference,  and  is  connected  to  the  sheath  of  the  femoral  vessels.     The 
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/.  Dissection  of 
femoral  hernia, 
and  femoral  or 
Scarpa's  tri- 
angle. 


f^\2.  Front  of  thigh. 


portion  of  fascia  covering  this  fossa  is  perforated  by  the  great  saphenous  vein  and 
by  numerous  blood  and  lymphatic  vessels,  hence  it  has  been  termed  the  fascia 
cribrosa,  the  openings  for  these  vessels  having  been  likened  to  the  holes  in  a  sieve. 
A  large  subcutaneous  bursa  is  found  in  the  superficial  fascia  over  the  patella. 

Deep  Fascia. — The  deep  fascia  of  the  thigh  is  named,  from  its  great  extent, 
the  fascia  lata;  it  constitutes  an  investment  for  the  whole  of  this  region  of  the  limb, 
but  varies  in  thickness  in  different  parts.   Thus,  it  is  thicker  in  the  upper  and  lateral 
part  of  the  thigh,  where  it  receives  a  fibrous  expansion  from  the  Glutaeus  maximus, 
and  where  the  Tensor  fasciae  latae  is  inserted  between  its  layers;  it  is  very  thin 
behind  and  at  the  upper  and  medial  part,  where  it  covers  the  Adductor  muscles, 
and  again  becomes  stronger  around  the  knee, 
receiving  fibrous  expansions  from  the  tendon 
of  the  Biceps  femoris  laterally,  from  the  Sarto- 
rius  medially,  and  from  the  Quadriceps  femoris 
in  front.    The  fascia  lata  is  attached,  above  and 
behind,  to  the  back  of  the  sacrum  and  coccyx; 
laterally,  to  the  iliac  crest;  in   front,   to  the 
inguinal  ligament,  and  to  the  superior  ramus  of 
the  pubis;  and  medially,  to  the  inferior  ramus  of 
the  pubis,  to  the  inferior  ramus  and  tuberosity 
of  the  ischium,  and  to  the  lower  border  of  the 
sacrotuberous  ligament.    From  its   attachment 
to  the  iliac  crest  it  passes  dow^n  over  the  Glu- 
taeus medius  to  the  upper  border  of  the  Glutaeus 
maximus,  where  it  splits  into  two  layers,  one 
passing  superficial  to  and  the  other  beneath  this 
muscle;  at  the  lower  border  of  the  muscle  the 
two  layers  reunite.    Laterally,  the  fascia  lata 
receives  the  greater  part  of  the  tendon  of  inser- 
tion of  the   Glutaeus  maximus,  and  becomes 
proportionately  thickened.    The  portion  of  the 
fascia  lata  attached  to  the  front  part  of  the  iliac 
crest,  and  corresponding  to  the  origin  of  the 
Tensor  fasciae  latae,  extends  down  the  lateral 
side  of  the  thigh  as  two  layers,  one  superficial  to 
and  the  other  beneath  this  muscle;  at  the  lower 
end  of  the  muscle  these  two  layers  unite  and 
form  a  strong  band,  having  first  received  the 
insertion  of  the  muscle.    This  band  is  continued 
downward,  under  the  name  of  the  iliotibial  band 
{tradus  iliotihialis)  and  is  attached  to  the  lateral 
condyle  of  the  tibia.    The  part  of  the  iliotibial 
band  which  lies  beneath  the  Tensor  fasciae  latae 
is  prolonged  upward  to  join  the  lateral  part  of 

the  capsule  of  the  hip-joint.  Below,  the  fasciae  lata  is  attached  to  all  the  promi- 
nent points  around  the  knee-joint,  viz.,  the  condyles  of  the  femur  and  tibia,  and 
the  head  of  the  fibula.  On  either  side  of  the  patella  it  is  strengthened  by  transverse 
fibres  from  the  lower  parts  of  the  Vasti,  which  are  attached  to  and  support  this 
bone.  Of  these  the  lateral  are  the  stronger,  and  are  continuous  with  the  iliotibial 
band.  The  deep  surface  of  the  fascia  lata  gives  off  two  strong  intermuscular 
septa,  which  are  attached  to  the  whole  length  of  the  linea  aspera  and  its  prolon- 
gations above  and  below;  the  lateral  and  stronger  one,  which  extends  from  the 
insertion  of  the  Glutaeus  maximus  to  the  lateral  condyle,  separates  the  Vastus 
lateralis  in  front  from  the  short  head  of  the  Biceps  femoris  behind,  and  gives 


3.  Front  of  leg. 


4.  Domun  of  foot. 


Fig.  544. — Dissection  of  lower  extremity. 
Front  view. 


'  these  muscles;  the  medial  and  thinner  one  separates  the  Vastus 
le  Adductores  and  Pectineus,  Besides  these  there  are  numerous 
parating  the  individual  muscles,  and  enclosing  each  in  a  distinct 

alls  (mphenmia  opening)  {Fig.  545),— At  the  upper  and  medial 
1,  a  little  below  the  medial  end  of  the  inguinal  ligament,  is  a  large 
rture  in  the  fascia  lata;  it  transmits  the  great  saphenous  vein, 
ler  vessels,  and  is  termed  the  fossa  ovalis.  The  fascia  cribrosa, 
by  the  structures  passing  through  the  opening,  closes  the  aperture 
noved  to  expose  it.  The  fascia  lata  in  this  part  of  the  thigh  is 
isisting  of  a  superficial  and  a  deep  portion. 


portion  of  the  fascia  lata  is  the  part  on  the  lateral  side  of  the  fossa 
iched,/o(era//y,  to  the  crest  and  anterior  superior  spine  of  the  ilium, 
igth  of  the  inguinal  ligament,  and  to  the  pectineal  line  in  con- 
e  lacunar  ligament.  From  the  tubercle  of  the  pubis  it  is  reflected 
lateralward,  as  an  arched  margin,  the  falciform  marcin,  forming 
lary  of  the  fossa  ovalis;  this  margin  overlies  and  is  adherent  to  the 
the  sheath  of  the  femoral  vessels:  to  its  edge  is  attached  the  fascia 
ipward  and  medial  prolongation  of  the  falciform  margin  is  named 
n;  its  downward  and  medial  prolongation,  the  inferior  comu.  The 
ined,  and  is  continuous  behind  the  great  saphenous  vein  with  the 
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The  deep  portion  is  situated  on  the  medial  side  of  the  fossa  ovalis,  and  at  the 
lower  margin  of  the  fossa  is  continuous  with  the  superficial  portion;  traced  upward, 
it  covers  the  Pectineus,  Adductor  longus,  and  Gracilis,  and,  passing  behind  the 
sheath  of  the  femoral  vessels,  to  which  it  is  closely  united,  is  continuous  with  the 
iliopectineal  fascia,  and  is  attached  to  the  pectineal  line. 

From  this  description  it  may  be  observed  that  the  superficial  portion  of  the 
fascia  lata  lies  in  front  of  the  femoral  vessels,  and  the  deep  portion  behind  them, 
so  that  an  apparent  aperture  exists  between  the  two,  through  which  the  great 
saphenous  passes  to  join  the  femoral  vein. 

The  Tensor  fasciae  latae  (Tensor  fasciae  femoris)  arises  from  the  anterior  part 
of  the  outer  lip  of  the  iliac  crest;  from  the  outer  surface  of  the  anterior  superior 
iliac  spine,  and  part  of  the  outer  border  of  the  notch  below  it,  between  the  Glutaeus 
medius  and  Sartorius;  and  from  the  deep  surface  of  the  fascia  lata.  It  is  inserted 
between  the  two  layers  of  the  iliotibial  band  of  the  fascia  lata  about  the  junction 
of  the  middle  and  upper  thirds  of  the  thigh. 

The  Sartorius,  the  longest  muscle  in  the  body,  is  narrow  and  ribbon-like;  it 
arises  by  tendinous  fibres  from  the  anterior  superior  iliac  spine  and  the  upper  half 
of  the  notch  below  it.  It  passes  obliquely  across  the  upper  and  anterior  part  of 
the  thigh,  from  the  lateral  to  the  medial  side  of  the  limb,  then  descends  vertically, 
as' far  as  the  medial  side  of  the  knee,  passing  behind  the  medial  condyle  of  the  femur 
to  end  in  a  tendon.  This  curves  obliquely  forward  and  expands  into  a  broad  apon- 
eurosis, which  is  inserted,  in  front  of  the  Gracilis  and  Semitendinous,  into  the  upper 
part  of  the  medial  surface  of  the  body  of  the  tibia,  nearly  as  far  fon\'ard  as  the 
anterior  crest.  The  upper  part  of  the  aponeurosis  is  curved  backward  over  the 
upper  edge  of  the  tendon  of  the  Gracilis  so  as  to  be  inserted  behind  it.  An  offset, 
from  its  upper  margin,  blends  with  the  capsule  of  the  knee-joint,  and  another 
from  its  lower  border,  with  the  fascia  on  the  medial  side  of  the  leg. 

ReUtiona. — The  relations  of  this  muscle  to  the  femoral  artery  are  important,  as  it  constitutes 
the  chief  guide  in  tying  the  vessel.  In  the  upper  third  of  the  thigh  it  forms  the  lateral  side  of  a 
triangular  space,  the  femoral  (Scarpa* a)  triangle,  the  medial  side  of  which  is  formed  by  the  medial 
border  of  the  Adductor  longus,  and  the  base,  directed  upward,  by  the  inguinal  ligament;  the 
femoral  artery  passes  perpendicularly  through  the  middle  of  this  space  from  it«  base  to  its  apex. 
In  the  middle  third  of  the  thigh  the  femoral  artery  is  contained  in  the  adductor  ( Hunter's)  canalf 
on  the  roof  of  which  the  Sartorius  lies. 

The  Quadriceps  femoris  (Quadriceps  extensor)  includes  the  four  remaining 
muscles  on  the  front  of  the  thigh.  It  is  the  great  extensor  muscle  of  the  leg,  forming 
a  large  fleshy  mass  which  covers  the  front  and  sides  of  the  femur.  It  is  subdivided 
into  separate  portions,  which  have  received  distinctive  names.  One  occupying 
the  middle  of  the  thigh,  and  connected  above  with  the  ilium,  is  called  from  its 
straight  course  the  Rectos  femoris.  The  other  three  lie  in  immediate  connection 
with  the  body  of  the  femur,  which  they  cover  from  the  trochanters  to  the  condyles. 
The  portion  on  the  lateral  side  of  the  femur  is  termed  the  Vastus  lateralis;  that 
covering  the  medial  side,  the  Vastus  medialis;  and  that  in  front,  the  Vastus 
intermedius. 

The  Rectus  femoris  is  situated  in  the  middle  of  the  front  of  the  thigh;  it  is  fusi- 
fonn  in  shape,  and  its  superficial  fibres  are  arranged  in  a  bipenniform  manner, 
the  deep  fibres  running  straight  down  to  the  deep  aponeurosis.  It  arises  by  two 
tendons:  one,  the  anterior  or  straight,  from  the  anterior  inferior  iliac  spine;  the 
other,  the  posterior  or  reflected,  from  a  groove  above  the  brim  of  the  acetabulum. 
The  two  unite  at  an  acute  angle,  and  spread  into  an  aponeurosis  which  is  prolonged 
downward  on  the  anterior  surface  of  the  muscle,  and  from  this  the  muscular  fibres 
arise.  The  muscle  ends  in  a  broad  and  thick  aponeurosis  which  occupies  the  lower 
two-thirds  of  its  posterior  surface,  and,  gradually  becoming  narrowed  into  a  flat- 
tened tendon,  is  inserted  into  the  base  of  the  patella. 
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The  Vastus  lateralis  (Vastus  extermis)  is  the  largest  part  of  the  Quadriceps 
femoris.  It  arises  by  a  broad  aponeurosis,  which  is  attached  to  the  upper  part  of 
the  intertrochanteric  line,  to  the  anterior  and  inferior  borders  of  the  greater  tro- 
chanter, to  the  lateral  lip  of  the  gluteal  tuberosity,  and  to  the  upper  half  of  the 
lateral  lip  of  the  linea  aspera;  this  aponeurosis  covers  the  upper  three-fourths  of 
the  muscle,  and  from  its  deep  surface  many  fibres  take  origin.  A  few  additional 
fibres  arise  from  the  tendon  of  the  Glutaeus  maximus,  and  from  the  lateral  inter- 
muscular septum  between  the  Vastus  lateralis  and  short  head  of  the  Biceps  femoris. 
The  fibres  form  a  large  fleshy  mass,  which  is  attached  to  a  strong  aponeurosis, 
placed  on  the  deep  surface  of  the  lower  part  of  the  muscle:  this  aponeurosis  becomes 
contracted  and  thickened  into  a  flat  tendon  inserted  into  the  lateral  border  of  the 
patella,  blending  with  the  Quadriceps  femoris  tendon,  and  giving  an  expansion  to 
the  capsule  of  the  knee-joint. 

The  Vastus  medialis  and  Vastus  intermedins  appear  to  be  inseparably  united, 
but  when  the  Rectus  femoris  has  been  reflected  a  narrow  interval  will  be  observed 
extending  upward  from  the  medial  border  of  the  patella  between  the  two  muscles, 
and  the  separation  may  be  continued  as  far  as  the  lower  part  of  the  intertrochan- 
teric line,  where,  however,  the  two  muscles  are  frequently  continuous. 

The  Vastus  medialis  (Vastus  internus)  arises  from  the  lower  half  of  the  inter- 
trochanteric line,  the  medial  lip  of  the  linea  aspera,  the  upper  part  of  the  medial 
supracondylar  line,  the  tendons  of  the  Adductor  longus  and  the  Adductor  magnus 
and  the  medial  intermuscular  septum.  Its  fibres  are  directed  downward  and  for- 
ward, and  are  chiefly  attached  to  an  aponeurosis  which  lies  on  the  deep  surface 
of  the  muscle  and  is  inserted  into  the  medial  border  of  the  patella  and  the  Quad- 
riceps femoris  tendon,  an  expansion  being  sent  to  the  capsule  of  the  knee-joint. 

The  Vastus  intermedius  (Crureus)  arises  from  the  front  and  lateral  surfaces  of  the 
bodj'  of  the  femur  in  its  upper  two-thirds  and  from  the  lower  part  of  the  lateral 
intermuscular  septum.  Its  fibres  end  in  a  superficial  aponeurosis,  which  forms 
the  deep  part  of  the  Quadriceps  femoris  tendon. 

The  tendons  of  the  different  portions  of  the  Quadriceps  unite  at  the  lower  part  of  the  thigh, 
so  as  to  form  a  single  strong  tendon,  which  is  inserted  into  the  base  of  the  patella,  some  few  fibres 
passing  over  it  to  blend  with  the  ligamcntum  patellae.  More  properly,  the  patella  may  be  regarded 
as  a  sesamoid  bone,  developed  in  the  tendon  of  the  Quadriceps;  and  the  ligamentum  patellae, 
which  is  continued  from  the  apex  of  the  patella  to  the  tuberosity  of  the  tibia,  as  the  proper  tendon 
of  insertion  of  the  muscle,  the  medial  and  lateral  patellar  retinacula  (see  p.  439)  being  expan- 
sions from  its  borders.  A  bursa,  which  usually  communicates  with  the  cavity  of  the  knee-joint, 
is  situated  between  the  femur  and  the  portion  of  the  Quadriceps  tendon  above  the  patella;  another 
is  interposed  between  the  tendon  and  the  upper  part  of  the  front  of  the  tibia;  and  a  third,  the 
prepatellar  bursa,  is  placed  over  the  patella  itself. 

The  Articularis  genu  (Subcrureus)  is  a  small  muscle,  usually  distinct  from  the 
Vastus  intermedius,  but  occasionally  blended  with  it;  it  arises  from  the  anterior 
surface  of  the  lower  part  of  the  body  of  the  femur,  and  is  inserted  into  the  upper 
part  of  the  synovial  membrane  of  the  knee-joint.  It  sometimes  consists  of  several 
separate  muscular  bundles. 

Nerves. — The  Tensor  fasciae  latae  is  supplied  by  the  fourth  and  fifth  lumbar  and  first  sacral 
nerves  through  the  superior  gluteal  nerve;  the  other  muscles  of  this  region,  by  the  second,  third, 
and  fourth  lumbar  nerves,  through  the  femoral  nerve. 

Actions. — The  Tensor  fasciae  latae  is  a  tensor  of  the  fascia  lata;  continuing  its  action,  the 
oblique  direction  of  its  fibres  enables  it  to  abduct  the  thigh  and  to  rotate  it  inward.  In  the  erect 
posture,  acting  from  below,  it  will  serve  to  steady  the  pelvis  upon  the  head  of  the  femur;  and 
by  means  of  the  iliotibial  band  it  steadies  the  condyles  of  the  femur  on  the  articular  surfaces  of 
the  tibia,  and  assists  the  Glutaeus  maximus  in  supporting  the  knee  in  the  <?xtended  position. 
The  Sartorius  flexes  the  leg  upon  the  thigh,  and,  continuing  to  act,  flexes  the  thigh  upon  the, 
pelvis;  it  next  abducts  and  rotates  the  thigh  outward.  When  the  knee  is  bent,  the  Sartorius 
assists  the  Semitendinosus,  Semimembranosus,  and  Popliteus  in  rotating  the  tibia  inward.  Tak- 
ing its  fixed  point  from  the  leg,  it  flexes  the  pelvis  upon  the  thigh,  and,  if  one  muscle  acts,  assists 


i. 
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in  rotating  the  pelvis.  The  Quadriceps  femoris  extends  the  leg  upon  the  thigh.  The  Rectus 
femoris  assista  the  Psoas  major  and  Iliacus  in  supporting  the  pelvis  and  trunk  upon  the  femur. 
It  also  assists  in  flexing  the  thigh  on  the  pelvis,  or  if  the  thigh  be  fixed  it  will  flex  the  pelvis.  The 
Vastus  medialis  draws  the  patella  medialward  as  well  as  upward. 

i^lied  Anatomy. — A  few  fibres  of  the  Rectus  femoris  are  occasionally  ruptured  from  severe 
strain.  This  accident  is  especially  liable  to  occur  during  the  games  of  football  and  baseball. 
The  patient  experiences  a  sudden  pain  in  the  part,  as  if  he  had  been  struck,  and  the  Rectus  stands 
out  as  is  felt  to  be  tense  and  rigid.  The  accident  is  often  followed  by  considerable  swelling  from 
inflammatory  effusion.  Occasionally  the  Quadriceps  femoris  may  be  torn  away  from  its  inser- 
tion into  the  patella;  or  the  ligamentum  patellae  may  be  ruptured  about  2.5  cm.  above  the  bone. 
This  accident  is  caused  in  the  same  manner  as  fracture  of  the  patella  by  muscular  action,  viz., 
by  a  violent  muscular  effort  to  prevent  falling  while  the  knee  is  in  a  position  of  semiflexion.  A 
distinct  gap  can  be  felt  above  the  patella,  and,  owing  to  the  retraction  of  the  muscular  fibres, 
union  may  fail  to  take  place. 

2.  The  Medial  Femoral  Muscles. 

9 

Gracilis.  Adductor  longus.  Adductor  magnus. 

Pectineus.  Adductor  brevis. 

Dissection. — These  muscles  are  at  once  exposed  by  removing  the  fascia  from  the  forepart 
and  inner  side  of  the  thigh.  The  limb  should  be  abducted,  so  as  to  render  the  muscles  tense  and 
easier  of  dissection. 

The  Gracilis  (Fig.  543)  is  the  most  superficial  muscle  on  the  medial  side  of  the 
thigh.  It  is  thin  and  flattened,  broad  above,  narrow  and  tapering  below.  It 
arises  by  a  thin  aponeurosis  from  the  anterior  margins  of  the  lower  half  of  the 
symphysis  pubis  and  the  upper  half  of  the  pubic  arch.  The  fibres  run  vertically 
downward,  and  end  in  a  rounded  tendon,  which  passes  behind  the  medial  condyle 
of  the  femur,  curves  around  the  medial  condyle  of  the  tibia,  where  it  becomes  flat- 
tened, and  is  inserted  into  the  upper  part  of  the  medial  surface  of  the  body  of  the 
tibia,  below  the  condyle.  A  few  of  the  fibres  of  the  lower  part  of  the  tendon  are 
prolonged  into  the  deep  fascia  of  the  leg.  At  its  insertion  the  tendon  is  situated 
immediately  above  that  of  the  Semitendinosus,  and  its  upper  edge  is  overlapped 
by  the  tendon  of  the  Sartorius,  with  which  it  is  in  part  blended.  It  is  separated 
from  the  tibial  collateral  ligament  of  the  knee-joint,  by  a  bursa  conmion  to  it  and 
the  tendon  of  the  Semitendinosus. 

The  Pectineus  (Fig.  543)  is  a  flat,  quadrangular  muscle,  situated  at  the  anterior 
part  of  the  upper  and  medial  aspect  of  the  thigh.  It  arises  from  the  pectineal  line, 
and  to  a  slight  extent  from  the  surface  of  bone  in  front  of  it,  between  the 
iliopectineal  eminence  and  tubercle  of  the  pubis,  and  from  the  fascia  covering  the 
anterior  surf  ace  of  the  muscle;  the  fibres  pass  downward,  backward,  and  lateral- 
ward,  to  be  inserted  into  a  rough  line  leading  from  the  lesser  trochanter  to  the 
linea  aspera. 

Relations. — It  is  in  relation  by  its  anterior  surface  with  the  fascia  lata,  which  separates  it  from 
the  femoral  vessels  and  great  saphenous  vein;  by  its  posterior  surf  ace,  with  the  capsule  of  the 
hip-joint,  the  Adductor  brevis,  Obturator  extemus,  and  the  anterior  branch  of  the  obturator 
nene;  by  its  lateral  border,  with  the  Psoas  major  and  the  medial  femoral  circumflex  vessels;  by 
ite  medial  border,  with  the  margin  of  the  Adductor  longus. 

The  Adductor  loninis  (Fig.  546),  the  most  superficial  of  the  three  Adductores, 
IS  a  triangular  muscle,  lying  in  the  same  plane  as  the  Pectineus.  It  arises  by  a 
flat,  narrow  tendon,  from  the  front  of  the  pubis,  at  the  angle  of  junction  of  the  crest 
^'ith  the  symphysis;  and  soon  expands  into  a  broad  fleshy  belly.  This  passes 
downward,  backward,  and  lateralward,  and  is  inserted,  by  an  aponeurosis,  into  the 
linea  aspera,  between  the  Vastus  medialis  and  the  Adductor  magnus,  with  both 
of  which  it  is  usually  blended. 

«*Ution8. — It  is  in  relation   by    its  anterior  surface   with  the   fascia   lata,    the  Sartorius, 
^^i  near  its  insertion,  with  the  femoral  artery  and  vein;  by  its  posterior  surface,  with  the 


lienor  branch  of  the  obturator  nerve,  and  near  its 
ry  and  vein;  by  its  ioteroi  border,  with  the  Pectineus; 

The  Adductor  brevis  (Fig.  54C)  is  situ- 
ated immediately  behind  the  two  preceding 
muscles.  It  is  somewhat  triangular  in  form, 
and  arises  by  a  narrow  origin  from  the 
outer  surfaces  of  the  superior  and  inferior 
rami  of  the  pubis,  between  tbe  Gracilis 
and  Obturator  externus.  Its  fibres,  passing 
backward,  lateralward,  and  downward,  are 
inserted,  by  an  aponeurosis,  into  the  line 
leading  from  the  lesser  trochanter  to  the 
linea  aspera  and  into  the  upper  part  of  the 
linea  aspera,  immediately  behind  the  Pectin- 
eus  and  upper  part  of  the  Adductor  longus. 

Kalatlona. — It  is  in  relation  by  its  anterior  turface 
with  the  Pectineua,  Adductor  longus,  profunda 
femoris  artery,  and  anterior  branch  of  the  obturator 
nerve;  by  ite  posterior  surface,  with  the  Adductor 
magnus,  and  posterior  branch  of  the  obturator  nerve; 
by  its  lateral  border,  with  the  media]  femoral  circum- 
flex artery,  the  Obturator  externus,  and  conjoioed 
tendon  of  the  Psoas  major  and  Ihacus;  by  it«  medial 
border,  with  the  Gracilis  and  Adductor  magnuB.  It 
IB  pierced  near  its  ioeertion  by  the  second,  or  first 
and  second,  perforating  branches  of  the  profunda 
femoris  artery. 

The  Adductor  magnos  (Fig.  546)  is  a  large 
triangular  muscle,  situated  on  the  medial  side 
of  the  thigh.  It  arises  from  a  small  part 
of  the  inferior  ramus  of  the  pubis,  from  the 
inferior  ramus  of  the  ischium,  and  from  the 
outer  margin  of  the  inferior  part  of  the 
tuberosity  of  the  ischium.  Those  fibres 
which  arise  from  the  ramus  of  the  pubis  are 
short,  horizontal  in  direction, and  are  inserted 
into  the  rough  line  leading  from  the  greater 
trochanter  to  the  linea  aspera,  medial  to  the 
Glutaeus  maximus ;'  those  from  the  ramus  of 
the  ischium  are  directed  downward  and  lat- 
eralward with  different  degrees  of  obliquity, 
to  be  inserted,  by  means  of  a  broad  aponeu* 
rosis,  into  the  linea  aspera  and  the  upper 
part  of  its  medial  prolongation  below.  The 
medial  portion  ot  the  muscle,  composed 
principally  of  the  fibres  arising  from  the 
tuberosity  of  the  ischliun,  forms  a  thick 
fleshy  mass  consisting  nf  coarse  bundles 
which  <lescend  almost  vertically,  and  end 
about  the  lower  third  of  the.  thigh  in  a 
rounded  tendon  which  is  inserted  into  the 
adductor  tubercle  on  the  medial  condyle  of 

d  M  a  «p»r»ic  muHslc — the  AiUtitltr  ninimui — which  ia  lituoled 
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the  femur,  and  is  connected  by  a  fibrous  expansion  to  the  line  leading  upward 
from  the  tubercle  to  the  linea  aspera.  At  the  insertion  of  the  muscle,  there  is  a 
series  of  osseoaponeurotic  openings,  formed  by  tendinous  arches  attached  to  the 
bone.  The  upper  four  openings  are  small,  and  give  passage  to  the  perforating 
branches  of  the  profunda  femoris  artery.  The  lowest  is  of  large  size,  and  transmits 
the  femoral  vessels  to  the  popliteal  fossa. 


—It  is  in  relation  by  its  anterior  surface  with  the  Pectineus,  Adductores  brevis  and 
longtis,  the  femoral  and  profunda  vessels,  and  the  posterior  branch  of  the  obturator  nerve;  by 
its  posterior  surface^  with  the  sciatic  nerve,  the  Glutaeus  maximus,  Biceps  femoris,  Semitendinosus, 
and  Semimembranosus.  Its  superior  border  lies  parallel  with  the  Quadratus  femoris,  the  medial 
femoral  circumflex  artery  passing  between  them.  Its  medial  border  is  in  relation  with  the  Gracilis, 
Sartorius,  and  fascia  lata. 

Nerves. — ^The  three  Adductores  and  the  Gracilis  are  supplied  by  the  third  and  fourth  lumbar 
nerves  through  the  obturator  nerve;  the  Adductor  magnus  receiving  an  additional  branch  from 
the  sacral  plexus  through  the  sciatic.  The  Pectineus  is  supplied  by  the  second,  third,  and  fourth 
lumbar  nerves  through  the  femoral  nerve,  and  by  the  third  liunbar  through  the  accessory  obturator 
when  this  latter  exists.    Occasionally  it  receives  a  branch  from  the  obturator  nerve.^ 

Actions. — The  Pectineus  and  three  Adductores  adduct  the  thigh  powerfully;  they  are  especially 
used  in  horse  exercise,  the  sides  of  the  saddle  being  grasped  between  the  knees  by  the  contraction 
of  these  muscles.  In  consequence  of  the  obliquity  of  their  insertions  into  the  linea  aspera,  they 
rotate  the  thigh  outward,  assisting  the  external  Rotators,  and  when  the  limb  has  been  abducted, 
they  draw  it  medialward,  carrying  the  thigh  across  that  of  the  opposite  side.  The  Pectineus 
and  Adductores  brevis  and  longus  assist  the  Psoas  major  and  Iliacus  in  flexing  the  thigh  upon 
the  pelvis.  In  progression,  all  these  muscles  assist  in  drawing  forward  the  lower  limb.  The 
Gracilis  assists  the  Sartorius  in  flexing  the  leg  and  rotating  it  inward;  it  is  also  an  adductor  of  the 
thigh.  K  the  lower  extremities  be  fixed,  these  muscles,  taking  their  fixed  points  below,  may  act 
upon  thepelvis,  serving  to  maintain  the  body  in  an  erect  posture;  or,  if  their  action  be  continued, 
flex  the  pelvis  forward  upon  the  femur. 

Applied  Anatomy. — The  Adductor  longus  is  liable  to  be  severely  strained  in  those  who  ride 
much  on  horseback,  or  its  tendon  may  be  ruptured  by  suddenly  gripping  the  saddle.  Occasionally, 
especially  in  cavalry  soldiers,  the  tendon  becomes  ossified,  constituting  the  rider's  bone. 

3.  The  Muscles  of  the  Gluteal  Region  (Fig.  548). 

Glutaeus  maximus.  Obturator  internus. 

Glutaeus  medius.  Gemellus  superior. 

Glutaeus  minimus.  Gemellus  inferior. 

Piriformis.  Quadratus  femoris. 

Obturator  externus. 


(Fig.  547). — The  subject  should  be  turned  on  its  face,  a  block  placed  beneath  the 
pelvis  to  make  the  buttocks  tense,  and  the  limbs  allowed  to  hang  over  the  end  of  the  table,  with 
the  foot  inverted  and  the  thigh  abducted.  Make  an  incision  through  the  integument  along  the 
crest  of  the  iliiun  to  the  middle  of  the  sacrum,  and  thence  downward  to  the  tip  of  the  coccyx, 
and  carry  a  second  incision  from  that  point  obliquely  downward  and  outward  to  the  outer  side 
of  the  thigh,  four  inches  below  the  great  trochanter.  The  portion  of  integument  included  between 
these  incisions  is  to  be  removed  in  the  direction  shown  in  the  figure. 

• 

The  Qlntaeus  maximuSi  the  most  superficial  muscle  in  the  gluteal  region,  is  a 
broad  and  thick  fleshy  mass  of  a  quadrilateral  shape,  and  forms  the  prominence 
of  the  nates.  Its  large  size  is  one  of  the  most  characteristic  features  of  the  muscular 
system  in  man,  connected  as  it  is  with  the  power  he  has  of  maintaining  the  trunk 
in  the  erect  posture.  The  muscle  is  remarkably  coarse  in  structure,  being  made 
up  of  fasciculi  lying  parallel  with  one  another  and  collected  together  into  large 
bundles  separated  by  fibrous  septa.  It  arises  from  the  posterior  gluteal  line  of 
the  ilium,  and  the  rough  portion  of  bone  including  the  crest,  immediately  above 
and  behind  it;  from  the  posterior  surface  of  the  lower  part  of  the  sacrum  and  the 

>  The  Pectineus  may  consist  of  two  incompletely  separated  strata;  the  lateral  or  dorsal  stratum,  which  is  constant, 
is  supplied  by  a  branch  from  the  femoral  nerve,  or  in  the  absence  of  this  branch  by  the  accessor^-  obturator  nerve, 
ihe  medial  or  ventral  stratum,  when  present,  is  supplied  by  the  obturator  nerve. — A.  Nl.  Paterson.  Journal  of  Anatomy 
and  PhyaioloKy,  zxvi,  43. 


;  from  the  aponeurosis  of  the  Sacrospinatis,  the  saerotuberous 
:  fascia  (gluteal  aponeurosis)  covering  the  Glutaeus  medius. 
ecte<i  obliquely  downward  and  lateralward;  those  forming  the 
lortion  of  the  muscle,  together  with  the  superficial  fibres  of  the 
in  a  thick  tendinous  lamina,  which  passes  across  the  greater 
inserted  into  the  iliotibial  band  of  the  fascia  lata;  the  deeper 
portion  of  the  muscle  are  inserted  into  the  gluteal  tnl)erosit.v 
s  lateralis  and  Adductor  magnus. 

we  are  usually  found  in  relation  with  the  deep  amfane  of  this  muscle.    On? 

',  and  generally  mullilocular,  separates  it  from  the  greater  trochanter;  a 
second,  often  wanting,  is  situated  on  the  tuberosity  of 
the  ischium;  a  third  is  found  between  the  tendon  of  the 
muscle  and  that  of  the  Vastus  lateralis. 

R«Uti0IU. — The  Glutaeus  maximus  is  in  relation  by 
its  superficial  aurfatx  with  a  thin  fascia  which  separates 
it  from  the  subcutaneous  tissue;  by  its  deep  aur/ace,  from 

£H»iection  of         above  downward,  with  the  ilium,   sacrum,   poccyjt,  and 

'.uteal  region.  sacrotuberouB  Lgament,   part  of  the  Glutaeus   medius. 

Piriformis,  Gemelli,  Obturator  iu  tern  us,  Quadratus 
femoris,  the  tuberosity  of  the  ischium,  greater  trochanter, 
the  origins  of  the  Biceps  femoris,  Semitendinosus,  Semi- 
membranosus, and  the  Adductor  magnus.  The  super- 
-    ■  ficial  part  of  the  superior  gluteal  artery  reaches  the  deep 

surface  of  the  muscle  by  passing  between  the  Piriformis 
and  the  Glutaeus  medius;   the   inferior  gluteal  and  in- 

(ack  of  thigh.  temal  pudendal  vessels  and  the  sciatic,  pudendal,  and 
lateral  femoral  cutaneous  nerves,  and  muscular  branches 
from  the  sacral  plexus,  issue  from  the  pelvis  below  the 
Piriformis.    The   first  perforating  artery    and    the  ter- 

vliteal  svaee  ■  "•>"*'  branchesof  the  medial  circumflex  femoral  artery 
are  also  found  under  cover  of  the  lower  part  of  the 
muscle.  Its  upper  border  is  thin,  and  connected  with  the 
Glutaeus  medius  by  the  gluteal  aponeurosis.  Its  lower 
border  is  free  and  prominent,  and  is  crossed  by  the  fold 
of  the  nates. 

'ack  of  leg.  DiiEOction. — Divide  the  Glutaeus  maximus  near   its 

origin  by  a  vertical  incision  carried  from  its  upper  to 
its  lower  border;  a  cellular  inten-al  will  be  exposed, 
separating  it  from  the  Glutaeus  medius  and  Rotator 
muscles  beneath.  The  upper  portion  of  the  muscle  is 
to  be  altogether  detached,  and  the  lower  portion  turned 
outward;  the  loose  areolar  tissue  filling  up  the  inter- 
space between  the  trochanter  major  and  tuberosity  of 
jjj-  j„i  the  ischium  being  removed,  the  parts  already  enumer- 

ated as  exposed   by   the  removal  of  this  muscle  will  be 

The  Glutaeus  medius  is  a  broad,  thick,  radi- 
ating muscle,  situated  on  the  outer  surface  of 
^owsr  eitremiiy       ^^  peivis.    Its  postcrior  third   IS  covcrcd  by 
the  Glutaeus  maximus,  its  anterior  two-thirds 
neurosis,  which  separates  it  from  the  superficial  fascia  and  in- 
?3  from  the  outer  surface  of  the  iiium  between  the  iliac  crest 
al  line  above,  and  the  anterior  gluteal  line  below;  it  also  arises 
poneurosis  cohering  its  outer  surface.    The  fibres  converge  to 
endon,  which  is  inserted  into  the  oblique  ridge  which  runs  down- 
on  the  lateral  surface  of  the  greater  trochanter.    A  bursa 
tn  of  the  muscle  from  the  surface  of  the  trochanter  o\'er  which 

inimus,  the  smallest  of  the  three  Glutaei,  is  placed  immediately 
ing.    It  is  fan-shaped,  arising  from  the  outer  surface  of  the  ilium, 
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between  the  anterior  and  inferior 
gluteal  lines,  and  behind,  from 
tlie  margin  of  the  greater  sciatic 
notch.  The  fibres  converge  to 
the  deep  surface  of  a  radiate<l 
aponeurosis,  and  this  ends  in  a 
tendon  which  is  igggy^d  into  an 
impression  on  the  anterior  border 
of  the  greater  trochanter,  and 
gives  an  expansion  to  the  capsule 
of  the  hip-joint.  A  bursa  is 
interposed  between  the^  tendon 
and  the  greater  trochanter.  Be- 
tween the  Glutaeus  medius  and 
Glutaeus  minimus  are  the  deep 
branches  of  the  superior  gluteal 
vessels  and  the  superior  gluteal 
nerve.  The  deep  surface  of  the 
Glutaeus  minimus  is  in  relation 
with  the  reflected  tendon  of  the 
Rectus  femoris  and  the  capsule 
of  the  hip-joint. 

The  piriformis  is  a  flat  muscle, 
pyramidal  in  shape,  l^ing  almost 
parallel  with  the  posterior  margin 
of  the  Glutaeus  medius.  It  is 
situated  partly  within  the  pelvis 
against  its  posterior  wall,  and 
partly  at  the  back  of  the  hip- 
joint.  It  arises  from  the  front  of 
the  sacrum  by  three  fleshy  digi- 
tations,  attached  to  the  portions 
of  bone  between  the  first,  second, 
third,  and  fourth  anterior  sacral 
foramina,  and  to  the  grooves 
leading  from  the  foramina:  a  few 
fibres  also  arise  from  the  margin 
of  the  greater  sciatic  foramen, 
and  from  the  anterior  surface  of 
the  sacrotuberous  ligament.  The 
muscle  passes  out  of  the  pelvis 
through  the  greater  sciatic  fora- 
men, the  upper  part  of  which  it 
fills,  and  is  inserted  by  a  rounded 
tendon  into  the  upper  border  of 
the  greater  trochanter  behind, 
but  often  partlj-  blended  with, 
the  common  tendon  of  the  Ob- 
turator intemus  and  Gemelli. 

B«l«iOM.  —  H'i/Ain  Hie  pelcis  the 
Pitiformia  ih  in  relation  by  its  onlerior 
"fSaa.  with  the  rectum  (especially  on 
•be  Wi  Bide),  the  sacral  plexus  of 
nwea,  and  branches  of  the  hypogastric 
veesek;  and   by   its   jwslenor   «ur/ace 
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ie  eacrum.  Outnde  the  pdvit,  its  urUmin-  aurfaee  is  id  contact  with  the  posterior  surface 
iachiuin  and  capsule  of  the  hip-joint;  and  its  potlericr  tvrface,  with  the  Glutaeus  maxi- 
ts  upper  border  is  in  relation  with  the  Glutaeus  medius,  and  the  superior  gluteal  vessels 
Tve;  its  lower  border,  with  the  Gemeilua  superior  and  Coccygeus,  the  inferior  gluteal 
temal  pudendal  vessels,  and  the  sciatic,  posterior  femoral  cutaneous,  and  pudendal 
,  and  muscular  branches  from  the  sacral  plexus,  passing  from  the  pelvis  in  the  interval 
:n  the  two  muscles.     The  muscle  is  frequently  pierced  by   the  common   peroneal  nerve. 

nrator  Membrane  (Fig,  549). — The  obturator  membrane  iya  thin  fibrous  sheet, 
almost  completely  closes  the  obturator  foramen.  Its  fibres  are  arranged 
erlacing  bundles  mainly  transverse  in  direction;  the  uppermost  bundle  is 
led  to  the  obturator  tubercles  and  completes  the  obturator  canal  for  the  pas- 
)f  the  obturator  vessels  and  nerve.  The  membrane  is  attached  to  the  sharp 
n  of  the  obturator  foramen  except  at  its  lower  lateral  angle,  where  it  is  fixed 
:  pelvic  surface  of  the  inferior  ramus  of  the  ischium,  i.  e.,  within  the  margin, 
obturator  muscles  are  connected  with  this  membrane. 


s  well  as  the  origin  of  the  Piriformis,  can  only  be  seen  when 
a.  removed. 

:  Obtutator  intenius  is  situated  partly  within  the  lesser  peh'is,  and  partly 
back  of  the  hip-joint.  It  omes  from  the  inner  surface  of  the  antero-lateral 
f  the  pelvis,  where  it  surrounds  the  greater  part  of  the  obturator  foramen, 
attached  to  the  inferior  rami  of  the  pubis  and  ischium,  and  at  the  side  to  the 
surface  of  the  hip  bone  below  and  behind  the  pelvic  brim,  reaching  from  the 
part  of  the  greater  sciatic  foramen  above  and  behind  to  the  obturator  fora- 
lelow  and  in  front.  It  also  arises  from  the  pelvic  surface  of  the  obturator 
rane  except  in  the  posterior  part,  from  the  tendinous  arch  which  completes  the 
For  the  passage  of  the  obturator  vessels  and  nerve,  and  to  a  slight  extent  from 
turator  fascia,  which  covers  the  muscle.  The  fibres  converge  rapidly  toward 
ser  sciatic  foramen,  and  end  in  four  or  five  tendinous  bands,  which  are  found 
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on  the  deep  surface  of  the  muscle;  these  bands  are  reflected  at  a  right  angle  over 
the  grooved  surface  of  the  ischium  'between  its  spine  and  tuberosity.  This  bony 
surface  is  covered  by  smooth  cartilage,  which  is  separated  from  the  tendon  by  a 
bursa,  and  presents  one  or  more  ridges  corresponding  with  the  furrows  between 
the  tendinous  bands.  These  bands  leave  the  pelvis  through  the  lesser  sciatic  fora- 
men and  unite  into  a  single  flattened  tendon,  which  passes  horizontally  across  the 
capsule  of  the  hip-joint,  and,  after  receiving  the  attachments  of  the  Gemelli,  is 
inserted  into  the  forepart  of  the  medial  surface  of  the  greater  trochanter  above 
the  trochanteric  fossa.  A  bursa,  narrow  and  elongated  in  form,  is  usually  found 
between  the  tendon  and  the  capsule  of  the  hip-joint;  it  occasionally  communicates 
with  the  bursa  between  the  tendon  and  the  ischium. 

Relations. — Wilkin  the  pelvis,  this  muscle  is  in  relation,  by  its  aniero-laleral  surface,  with  the 
obturator  membrane  and  inner  surface  of  the  anterior  wall  of  the  pelvis;  by  its  pelvic  surface, 
with  the  obturator  fascia,  and  the  origin  of  the  Levator  ani,  and  with  the  internal  pudendal  vessels 
and  pudendal  ner\'^e  which  cross  it.  This  surface  forms  the  lateral  boimdary  of  the  ischiorectal 
fossa.  Oulside  the  pelvis,  the  muscle  is  covered  by  the  Gluta,eus  maximus,  crossed  by  the  sciatic 
nerve,  and  rests  on  the  back  part  of  the  hip-joint.  When  the  tendon  of  the  Obturator  internus 
emerges  from  the  lesser  sciatic  foramen  it  is  overlapped  both  in  front  and  behind  by  the  two 
Gemelli  which  form  a  muscular  canal  for  it;  near  its  insertion  the  Gemelli  pass  in  front  of  the 
tendon  and  form  a  groove  in  which  it  lies. 

The  Gemelli  are  two  small  muscular  fasciculi,  accessories  to  the  tendon  of  the 
Obturator  internus  which  is  received  into  a  groove  between  them. 

The  Gemellus  superior,  the  smaller  of  the  two,  arises  from  the  outer  surface  of 
the  spine  of  the  ischium,  blends  with  the  upper  part  of  the  tendon  of  the  Obturator 
internus,  and  is  inserted  with  it  into  the  medial  surface  of  the  greater  trochanter. 
It  is  sometimes  wanting. 

The  Gemellus  inferior  arises  from  the  upper  part  of  the  tuberosity  of  the  ischium, 
immediately  below  the  groove  for  the  Obturator  internus  tendon.  It  blends  with 
the  lower  part  of  the  tendon  of  the  Obturator  internus,  and  is  inserted  with  it 
it  into  the  medial  surface  of  the  greater  trochanter. 

The  Quadrattts  femoris  is  a  flat,  quadrilateral  muscle,  between  the  Gemellus 
inferior  and  the  upper  margin  of  the  Adductor  magnus;  it  is  separated  from  the 
latter  by  the  terminal  branches  of  the  medial  femoral  circumflex  vessels.  It  arises 
from  the  upper  part  of  the  external  border  of  the  tuberosity  of  the  ischium,  and  is 
inserted  into  the  upper  part  of  the  linea  quadrata — ^that  is,  the  line  which  extends 
vertically  downward  from  the  intertrochanteric  crest.  A  bursa  is  often  found 
between  the  front  of  this  muscle  and  the  lesser  trochanter. 

The  Obturator  eztemus  (Fig.  550)  is  a  flat,  triangular  muscle,  which  covers 
the  outer  surface  of  the  anterior  wall  of  the  pelvis.  It  arises  from  the  margin 
of  bone  immediately  around  the  medial  side  of  the  obturator  foramen,  viz.,  from 
the  rami  of  the  pubis,  and  the  inferior  ramus  of  the  ischium;  it  also  arises  from  the 
medial  two-thirds  of  the  outer  surface  of  the  obturator  membrane,  and  from  the 
tendinous  arch  which  completes  the  canal  for  the  passage  of  the  obturator  vessels 
and  nerves.  The  fibres  springing  from  the  pubic  arch  extend  on  to  the  inner  sur- 
face of  the  bone,  where  they  obtain  a  narrow  origin  between  the  margin  of  the 
foramen  and  the  attachment  of  the  obturator  membrane.  The  fibres  converge 
and  pass  backward,  lateralward,  and  upward,  and  end  in  a  tendon  which  runs 
across  the  back  of  the  neck  of  the  femur  and  lower  part  of  the  capsule  of  the  hip- 
joint  and  is  inserted  into  the  trochanteric  fossa  of  the  femur.  The  obturator  vessels 
lie  between  the  muscle  and  the  obturator  membrane;  the  anterior  branch  of  the 
obturator  nerv-e  reaches  the  thigh  by  passing  in  front  of  the  muscle,  and  the 
posterior  branch  by  piercing  it. 

Nerres. — ^The  Glutaeus  maximus  is  supplied  by  the  fifth  lumbar  and  first  and  second  sacral 
nerves  through  the  inferior  gluteal  nerve;  the  Glutaei  medius  and  minimus  by  the  fourth  and 
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fifth  lumbar  and  first  sacral  nerves  Ihrough  the  superior  gluteal;  the  Piritormte  Ls  supplied  by  the 
first  and  second  savral  nerves;  the  Gemellus  inferior  and  Quadratus  femoris  by  the  last  lumbar 
and  first  sacral  nerves;  the  Gemellus  superior  and  Obturator  intemua  by  the  first,  second,  and 
third  sacral  nerves,  and  the  Obturator  extemus  by  the  third  and  fourth  lumbar  nerves  through 
the  obturator. 


Ficj,  550.— The  Obturator  cuMrnus. 

Actions. — When  the  Glutaeiw  maximus  takes  its  fixed  point  from  the  pelvis,  it  extends  the 
femur  and  brings  the  bent  thigh  into  a  line  with  the  body.  Taking  its  fixed  point  from  below, 
it  acts  upon  the  pelvis,  supporting  it  and  the  trunk  upon  the  head  of  the  femur;  this  is  especially 
obvious  in  standing  on  one  leg-  Its  moat  powerful  action  is  to  cause  the  body  to  regain  the  erect 
position  after  stooping,  by  drawing  Jhe  pelvis  backward,  being  assisted  in  this  action  by  the 
Biceps  femoris,  Semitendinosus,  and  Semimembranosus.  The  Glutaeus  maximus  is  a  tensor  of 
the  fascia  lata,  and  by  its  connection  with  the  iliotibial  band  steadies  the  femur  on  the  articular 
surfaces  of  the  tibia  during  standing,  when  the  Extensor  muscles  are  relaxed.  The  lower  part 
of  the  muscle  also  acts  as  an  adductor  and  external  rotator  of  the  limb.  The  Glutaei  medius  and 
minimus  abduct  the  thigh,  when  the  limb  is  extended,  and  are  principally  called  inio  action  in 
aupportinK  the  body  on  one  limb,  in  conjunction  with  the  Tensor  fasciae  latae.  Their  anterior 
fibres,  by  drawing  the  greater  trochanter  forward,  rotate  the  thigh  inward,  in  which  action  they 
are  also  assisted  by  the  Tensor  fasciae  latae.  The  remaininK  muscles  are  powerful  external 
rotators  of  the  thigh.  In  the  sitting  posture,  when  the  thigh  is  flexed  upon  the  pelvis,  their  action 
as  rotators  ceases,  and  they  become  abductors,  with  the  exception  of  the  Obturator  e 
which  stijJ-EOtates  the  femur  outward. 


4.  The  Posterior  Femoral  Muscles  (Hamstring  Muscles)  (Fig.  548). 


Biceps  femoris. 


Semitendini 


Sem  imem  bra  n  osus. 


I  (Fig.  547). — Make  a  vertical  incision  along  the  middle  of  the  back  of  the  thigh, 
from  the  lower  fold  of  the  buttock  to  about  three  inches  below  the  back  of  the  knee-joint,  and 
there  connect  it  with  a  transverse  incision,  carried  from  the  inner  to  the  outer  side  of  the  leg. 
Make  a  third  incision  transversely  at  the  junction  of  the  middle  with  the  lower  third  of  the  thif;h. 
The  integument  having  been  removed  from  the  back  of  the  knee,  and  the  boundaries  of  the 
popliteal  fossa  having  been  examined,  the  removal  of  the  int^ument  from  the  remaining  part 
of  the  thigh  should  be  continued,  when  the  fascia  and  muscles  of  this  region  will  be  exposed. 

The  Biceps  femoris  (Biceps)  is  situated  on  the  posterior  and  lateral  aspect  of  the 
thigh.  It  has  two  heads  of  origin;  one.  the  long  head,  ome^  from  the  lower  and  inner 
impression  on  the  back  part  of  the  tuberosity  of  the  ischium,  by  a  tendon  common 
to  it  and  the  Semitendinosus,  and  from  the  lower  part  of  the  sacrotuberous  liga- 
ment; the  other,  the  short  head,  arises  from  the  lateral  lip  of  the  linea  aspera, 
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between  the  Adductor  magnus  and  Vastus  lateralis,  extending  up  almost  as  high 
as  the  insertion  of  the  Glutaeus  maximus;  from  the  lateral  prolongation  of  the 
linea  aspera  to  withing  5  em.  of  the  lateral  condyle;  and  from  the  lateral  inter- 
muscular septum.  The  fibres  of  the  long  head  form  a  fusiform  belly,  which  passes 
obliquely  downw^ard  and  lateralward  across  the  sciatic  nerve  to  end  in  an  aponeu- 
rosis which  covers  the  posterior  surface  of  the  muscle,  and  receives  the  fibres  of 
the  short  head;  this  aponeurosis  becomes  gradually  contracted  into  a  tendon, 
which  is  inserted  into  the  lateral  side  of  the  head  of  the  fibula,  and  by  a  small 
slip  into  the  lateral  condyle  of  the  tibia.  At  its  insertion  the  tendon  divides  into 
two  portions,  which  embrace  the  fibular  collateral  ligament  of  the  knee-joint. 
From  the  posterior  border  of  the  tendon  a  thin  expansion  is  given  off  to  the  fascia 
of  the  leg.  The  tendon  of  insertion  of  this  muscle  forms  the  lateral  hamstring; 
the  common  peroneal  nerve  descends  along  its  medial  border. 

The  Semitendinosus,  remarkable  for  the  great  length  of  its  tendon  of  insertion, 
is  situated  at  the  posterior  and  medial  aspect  of  the  thigh.  It  arises  from  the  low-er 
and  medial  impression  on  the  tuberosity  of  the  ischium,  by  a  tendon  common 
to  it  and  the  long  head  of  the  Biceps  femoris;  it  also  arises  from  an  aponeurosis 
which  connects  the  adjacent  surfaces  of  the  two  muscles  to  the  extent  of  about 
7.5  cm.  from  their  origin.  The  muscle  is  fusiform  and  ends  a  little  below-  the  middle 
of  the  thigh  in  a  long  round  tendon  which  lies  along  the  medial  side  of  the  popliteal 
fossa;  it  then  curves  around  the  medial  condyle  of  the  tibia  and  passes  over  the 
tibial  collateral  ligament  of  the  knee-joint,  from  which  it  is  separated  by  a  bursa, 
and  is  inserted  into  the  upper  part  of  the  medial  surface  of  the  body  of  the  tibia, 
nearly  as  far  forward  as  its  anterior  crest.  At'  its  insertion  it  gives  off  from  its 
lower  border  a  prolongation  to  the  deep  fascia  of  the  leg  and  lies  behind  the  tendon 
of  the  Sartorius,  and  below  that  of  the  Gracilis,  to  which  it  is  united.  A  tendinous 
intersection  is  usually  observed  about  the  middle  of  the  muscle. 

The  Semimembranosus,  so  called  from  its  membranous  tendon  of  origin,  is  situ- 
ated at  the  back  and  medial  side  of  the  thigh.  It  arises  by  a  thick  tendon  from 
the  upper  and  outer  impression  on  the  tuberosity,  of  the  ischiima,  above  and  lateral 
to  the  Biceps  femoris  and  Semitendinosus,  and  is  inserted  into  the  groove  on  the 
back  of  the  medial  condyle  of  the  tibia.  The  tendon  of  origin  expands  into  an  apon- 
eurosis, which  covers  the  upper  part  of  the  anterior  surface  of  the  muscle;  from 
this  aponeurosis  muscular  fibres  arise,  and  converge  to  another  aponeurosis  which 
covers  the  lower  part  of  the  posterior  surface  of  the  muscle  and  contracts  into  the 
tendon  of  insertion.  The  tendon  of  insertion  gives  off  certain  fibrous  expansions: 
one,  of  considerable  size,  passes  upward  and  lateralward  to  be  inserted  into  the  back 
part  of  the  lateral  condyle  of  the  femur,  forming  part  of  the  oblique  popliteal 
ligament  of  the  knee-joint;  a  second  is  continued  dowmward  to  the  fascia  which 
covers  the  Popliteus  muscle;  w^hile  a  few  fibres  join  the  tibial  collateral  ligament 
of  the  joint  and  the  fascia  of  the  leg.  The  muscle  overlaps  the  upper  part  of  the 
popliteal  vessels. 

The  tendons  of  insertion  of  the  two  preceding  muscles  form  the  medial  hamstrings. 

Nerves. — The  muscles  of  this  region  are  supplied  by  the  fourth  and  fifth  lumbar  and  the  first, 
second,  and  third  sacral  nerves;  the  nerve  to  the  short  head  of  the  Biceps  femoris  is  derived  from 
the  common  peroneal,  the  other  muscles  are  supplied  through  the  tibial  nerve. 

Actions. — ^The  hamstring  muscles  flex  the  leg  upon  the  thigh.  When  the  knee  is  semiflexed, 
the  Biceps  femoris  in  consequence  of  its  oblique  direction  rotates  the  leg  slightly  outward;  and 
the  Semitendinosus,  and  to  a  slight  extent  the  Semimembranosus,  rotate  the  leg  inward,  assist- 
ing the  Popliteus.  Taking  their  fixed  point  from  below,  these  muscles  serve  to  support  the  pelvis 
upon  the  head  of  the  femur,  and  to  draw  the  trunk  directly  backward,  as  in  raising  it  from  the 
stooping  position  or  in  feats  of  strength,  when  the  body  is  thrown  backward  in  the  form  of  an 
arch.  As  already  indicated  on  page  383,  complete  flexion  of  the  hip  cannot  be  eff'ected  unless 
the  knee-joint  is  also  flexed,  on  account  of  the  shortness  of  the  hamstring  muscles. 

Applied  Anatomy. — In  disease  of  the  knee-joint,  contraction  of  the  hamstring  tendons  is  a 
frequent  complication;  this  causes  flexion  of  the  leg,  and  a  partial  dislocation  of  the  tibia  back- 
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ward,  with  a  slight  degree  of  rotation  outward,  probably  due  to  the  action  of  the  Biceps  femoris. 
The  hamstring  tendons  occasionally  require  subcutaneous  division  in  some  forms  of  spurious 
ankylosis  of  the  knee-joint  dependent  upon  permanent  contraction  and  rigidity  of  the  muscles, 
or  from  contracture  of  the  ligamentous  and  other  tissues  surrounding  the  joint,  the  result  of 
disease.  The  relation  of  the  common  peroneal  nerve,  which  lies  in  close  apposition  to  the  medial 
border  of  the  tendon  of  the  Biceps  femoris,  must  always  be  borne  in  mind  in  dividing  this  tendon, 
and  a  free  incision  with  exposure  of  the  tendon,  before  division,  is  the  safer  proceeding. 


m.    THE  MUSCLES  AND  FASCIA  OF  THE  LEG. 


The  muscles  of  the  leg  may  be  divided  into  three  groups:  anterior,  posterior, 
and  lateral. 

1.  The  Anterior  Crural  Muscles  (Fig.  551). 


Tibialis  anterior. 
Extensor  hallucis  longus. 


Extensor  digitorum  longus. 
Peronaeus  tertius. 


Dissection  (Fig.  543). — ^The  knee  should  be  bent,  a  block  placed  beneath  it,  and  the  foot  kept 
in  an  extended  position;  then  make  an  incision  through  the  integument  in  the  middle  line  of  the 
leg  to  the  ankle,  and  continue  it  along  the  dorsum  of  the  foot  to  the  toes.  Make  a  second  incision 
transversely  across  the  ankle,  and  a  third  in  the  same  direction  across  the  bases  of  the  toes;  remove 
the  flaps  of  integument  included  between  these  incisions  in  order  to  examine  the  deep  fascia  of 
the  leg. 

Deep  Fascia  {fascia  cruris), — The  deep  fascia  of  the  leg  forms  a  complete  invest- 
ment to  the  muscles,  and  is  fused  with  the  periosteum  over  the  subcutaneous 
surfaces  of  the  bones.  It  is  continuous  above  with  the  fascia  lata,  and  is  attached 
around  the  knee  to  the  patella,  the  ligamentum  patellae,  the  tuberosity  and  con- 
dyles of  the  tibia,  and  the  head  of  the  fibula.  Behind,  it  forms  the  popliteal  fascia, 
covering  in  the  popliteal  fossa;  here  it  is  strengthened  by  transverse  fibres,  and 
perforated  by  the  small  saphenous  vein.  It  receives  an  expansion  from  the  tendon 
of  the  Biceps  femoris  laterally,  and  from  the  tendons  of  the  Sartorius,  Gracilis, 
Semitendinosus,  and  Semimembranosus  medially;  in  front,  it  blends  with  the  peri- 
osteum covering  the  subcutaneous  surface  of  the  tibia,  and  with  that  covering 
the  head  and  malleolus  of  the  fibula;  below,  it  is  continuous  with  the  transverse 
crural  and  laciniate  ligaments.  It  is  thick  and  dense  in  the  upper  and  anterior 
part  of  the  leg,  and  gives  attachment,  by  its  deep  surface,  to  the  Tibialis  anterior 
and  Extensor  digitorum  longus;  but  thinner  behind,  w^here  it  covers  the  Gastroc- 
nemius and  Soleus.  It  gives  off  from  its  deep  surface,  on  the  lateral  side  of  the  leg, 
two  strong  intermuscular  septa,  the  anterior  and  posterior  peroneal  septa,  which 
enclose  the  Peronaei  longus  and  brevis,  and  separate  them  from  the  muscles  of 
the  anterior  and  posterior  crural  regions,  and  several  more  slender  processes  which 
enclose  the  individual  muscles  in  each  region.  A  broad  transverse  intermuscular 
septum,  called  the  deep  transverse  fascia  of  the  leg,  intervenes  between  the  suj>er- 
ficial  and  deep  posterior  crural  muscles. 

Dissection. — Remove  the  fascia  by  dividing  it  in  the  same  direction  as  the  integument,  except- 
ing opposite  the  ankle,  where  it  should  be  left  entire.  Commence  the  removal  of  the  fascia  from 
below,  opposite  the  tendons,  and  detach  it  in  the  line  of  direction  of  the  muscle  fibres. 

The  Tibialis  anterior  {Tibialis  anticus)  is  situated  on  the  lateral  side  of  the  tibia; 
it  is  thick  and  fleshy  above,  tendinous  below.  It  arises  from  the  lateral  condyle 
and  upper  half  or  two-thirds  of  the  lateral  surface  of  the  body  of  the  tibia;  from 
the  adjoining  part  of  the  interosseous  membrane;  from  the. deep  surface  of  the 
fascia;  and  from  the  intermuscular  septum  between  it  and  the  Extensor  digitorum 
longus.  The  fibres  run  vertically  downward,  and  end  in  a  tendon,  which  is  apparent 
on  the  anterior  surface  of  the  muscle  at  the  lower  third  of  the  leg.  After  passing 
through  the  most  medial  compartments  of  the  transverse  and  cruciate  crural 
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ligaments,  it  is  inserted  into  the  medial  and  under 
surface  of  the  first  cuneitorm  bone,  and  the  base 
of  the  first  metatarsal  bone.  This  muscle  overlaps 
the  anterior  tibial  vessels  and  deep  peroneal  nerve 
in  the  uppyer  part  of  the  leg. 

The  Extensor  ballucis  longus  ( ExlenaoT  proprim 
kaUucis)  is  a  thin  muscle,  situated  between  the 
Tibialis  anterior  and  the  Extensor  digitorum 
longus.  It  arises  from  the  anterior  surface  of  the 
fibula  for  about  the  middle  two-fourths  of  its 
extent,  medial  to  the  origin  of  the  Extensor  digi- 
torum longus;  it  also  arises  from  the  interosseous 
membrane  to  a  simitar  extent.  The  anterior 
tibia),  vessels  and  deep  peroneal  nerve  lie  between 
it  and  the  Tibialis  anterior.  The  fibres  pass 
downward,  and  end  in  a  tendon,  which  occupies 
the  anterior  border  of  the  muscle,  passes  through 
a  distinct  compartment  in  the  cruciate  crural 
ligament,  crosses  from  the  lateral  to  the  medial 
side  of  the  anterior  tibial  vessels  near  the  bend  of 
the  ankle,  and  is  iriserted  into  the  base  of  the  distal 
phalanx  of  the  great  toe.  Opposite  the  metatarso- 
phalangeal articulation,  the  tendon  gives  off  a  thin 
prolongation  on  either  side,  to  cover  the  surface 
of  ^e  joint.  An  expansion  from  the  medial  side 
of  the  tendon  is  usually  inserted  into  the  base  of 
the  proximal  phalanx.  v 

lie  Extensor  digitomm  lonpis  is  a  penniform 
muscle,  situated  at  the  lateral  part  of  the  front 
of  the  leg.  It  arises  from  the  lateral  condyle  of 
the  tibia;  from  the  upper  three-fourths  of  the 
anterior  surface  of  the  body  of  the  fibula;  from 
the  upper  part  of  the  interosseous  membrane; 
from  the  deep  surface  of  the  fascia ;  and  from  the 
intermuscular  septa  between  it  and  the  Tibialis 
anterior  on  the  medial,  and  the  Peronaei  on  the 
lateral  side.  Between  it  and  the  Tibialis  anterior 
are  the  upper  portions  of  the  anterior  tibial  vessels 
and  deep  peroneal  nerve.  The  tendon  passes  under 
the  transverse  and  cruciate  crural  ligaments  in 
company  with  the  Peronaeus  tertius,  and  divides 
into  four  slips,  which  run  forward  on  the  dorsum 
of  tbe  foot,  and  are  inserled  into  the  second  and 
third  phalanges  of  the  four  lesser  toes.  The  ten- 
dons to  the  second,  third,  and  fourth  toes  are 
**ch  joined,  opposite  the  metatarsophalangeal 
articulation,  on  the  lateral  side  by  a  tendon  of 
uie  Extensor  digitorum  br^vis.  The  tendons  are 
iiiserted  in  the  following  manner:  each  receives  a 
fibrous  expansion  from  the  Interossei  and  Lum- 
Wcalis,  and  then  spreads  out  into  a  broad  apon- 
eurosis, which  covers  the  dorsal  surface  of  the 
fifst  phalanx ;  this  aponeurosis,  at  the  articulation 
of  the  first  with  the  second  phalanx,  divides  into         ^"''  ^*' " 
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iree  slips — an  intermediate,  which  is  inserted  into  the  base  of  the  second  phalanx; 
id  two  collateral  slips,  which,  after  uniting  on  the  dorsal  surface  of  the  second 
lalanx,  are  continued  onward,  to  be  inserted  into  the  base  of  the  third  phalanx. 
The  Peronaeus  tertins  is  a  part  of  the  Extensor  digitorum  longus,  and  might 
;  described  as  its  fifth  tendon.  The  fibres  belonging  to  this  tendon  arise  from 
le  lower  third  or  more  of  the  anterior  surface  of  the  fibula;  from  the  lower  part 

the  interosseous  membrane;  and  from  an  intermuscular  septum  between  it 
id  the  Peronaeus  brevis.  The  tendon,  after  passing  under  the  transverse  and 
uciate  crural  ligaments  in  the  same  canal  as  the  Extensor  digitorum  longus, 

inserted  into  the  dorsal  surface  of  the  base  of  the  metatarsal  bone  of  the  little 
le.    This  muscle  is  sometimes  wanting. 

Nervet. — These  muscles  are  supplied  by  the  fourth  and  fifth  lumbar  and  first  sacral  nerves 
rough  the  deep  peroneal  nerve. 

Actions. — The  Tibialis  anterior  and  Peronaeus  tertius  are  the  direct  flexors  of  the  foot  at  the 
ikle-joint;  the  former  muscle,  when  acting  in  conjunction  with  the  Tibialis  posterior,  raises  the 
edial  border  of  the  toot,  t.  e.,  inverts  the  foot;  and  the  latter,  acting  with  the  Peronaei  brevis 
id  longus,  raises  the  lateral  border  of  the  foot,  i.  e.,  everts  the  foot.  The  Extensor  digitorum 
ngus  and  Extensor  hallucis  longus  extend  the  phalanges  of  the  toes,  and,  continuing  their 
tion,  flex  the  foot  upon  the  leg.  Taking  their  fixed  points  from  below,  in  the  erect  posture, 
1  these  muscles  serve  to  fix  the  bones  of  the  leg  in  the  perpendicular  position,  and  give  increased 
rength  to  the  ankle-joint. 

2.  The  Posterior  Crural  Muscles. 

DitiMtion  (Fig,  547). — Make  a  vertical  incision  along  the  middle  line  of  the  back  of  the  leg, 
:>m  the  lower  part  of  the  popliteal  fossa  to  the  heel,  connecting  it  below  by  a  transverse  incision 
tendingbetween  the  two  malleoli;  the  flaps  of  integument  being  removed,  the  fascia  and  muscles 
ould  be  examined. 

The  muscles  of  the  back  of  the  leg  are  subdivided  into  two  groups — superficial 
id  deep.  Those  of  the  superficial  group  constitute  a  powerful  muscular  mass, 
rming  the  calf  of  the  leg.  Their  large  sine  is  one  of  the  most  characteristic 
atures  of  the  muscular  apparatus  in  man,  and  bears  a  direct  relation  to  his  erect 
.titude  and  his  mode  of  progression. 

The  Superficial  Qiwip  (Fig.  552). 
Gastrocnemius.  Soleus.  Plantaris. 

The  Gastrocnemius  is  the  most  superficial  muscle,  and  forms  the  greater  part 

the  calf.  It  arises  by  two  heads,  which  are  connected  to  the  condyles  of  the 
mur  by  strong,  flat  tendons.  The  medial  and  larger  head  takes  its  origin  from  a 
^pression  at  the  upper  am!  back  part  of  the  medial  condyle  and  from  the  adjacent 
irt  of  the  femur.  The  lateral  head  arises  from  an  impression  on  the  side  of  the 
teral  condyle  and  from  the  posterior  surface  of  the  femur  immediately  above 
le  lateral  part  of  the  condyle.    Both  heads,  also,  arise  from  the  subjacent  part 

the  capsule  of  the  knee.  Each  tendon  spreads  out  into  an  aponeurosis,  which 
ivers  the  posterior  surface  of  that  portion  of  the  muscle  to  which  it  belongs, 
pom  the  anterior  surfaces  of  these  tendinous  expansions,  muscular  fibres  are 
ven  off;  those  of  the  medial  head  being  thicker  and  extending  lower  than  those 

the  lateral.  The  fibres  unite  at  an  angle  in  the  middle  line  of  the  muscle  In  a 
ndinous  raph6,  which  expands  into  a  broad  aponeurosis  on  the  anterior  surface 

the  muscle,  and  into  this  the  remaining  fibres  are  inserted.  The  aponeurosis, 
adually  contracting,  unites  with  the  tenon  of  the  Soleus,  and  forms  with  it 
le  tendo  calcaneus. 

Relatioiu. — The  Gastrocnemius  is  in  relation  by  its  superficial  surface  with  the  fascia  of  the 
?,  which  separates  it  from  the  small  saphenous  vein  and  the  peroneal  anastomotic,  medial  aural 
taneouB,  and  sural  nerves;  the  common  peroneal  nerve  crosses  the  lateral  head,  lying  partly 
icier  cover  of  the  Biceps  femoris.  Its  deep  surface  is  in  relation  with  the  oblique  popliteal  liga- 
?nt  of  the  knee-joint,  the  Poplitcus,  Soleua,  Plantaris,  popliteal  veaseb,  and  tibial  nerve.     In 
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front  of  the  tendon  of  the  medial  head  is  a  bursa,  which,  in  some  cases,  communicates  with  the 
cavity  of  the  knee-joint.  The  tendon  of  the  lateral  head  sometimes  contains  a  sesamoid  fibro- 
cartilage  or  bone,  where  it  plays  over  the  corresponding  condyle;  and  one  is  occasionally  found 
in  the  tendon  of  the  medial  head. 

The  Soleus  is  a  broad  flat  muscle  situated  immediately  in  front  of  the  Gastroc- 
nemius. It  arises  by  tendinous  fibres  from  the  back  of  the  head  of  the  fibula, 
and  from  the  upper  third  of  the  posterior  surface  of  the  body  of  the  bone;  from  the 
popliteal  line,  and  the  middle  third  of  the  medial  border  of  the  tibia;  some  fibres 
also  arise  from  a  tendinous  arch  placed  between  the  tibial  and  fibular  origins 
of  the  muscle,  in  front  of  which  the  popliteal  vessels  and  tibial  nerve  run.  The 
fibres  end  in  an  aponeurosis  which  covers  the  posterior  surface  of  the  muscle,  and, 
gradually  becoming  thicker  and  narrower,  joins  with  the  tendon  of  the  Gastroc- 
nemius, and  forms  with  it  the  tendo  calcaneus. 

Relations. — By  its  superficial  surface  it  is  in  relation  with  the  Gastrocnemius  and  Plantaris; 
by  its  deep  surfacCf  with  the  Flexor  digitorum  longus,  Flexor  hallucis  longus,  Tibialis  posterior, 
and  posterior  tibial  vessels  and  nerve,  from  which  it  is  separated  by  the  deep  transverse  fascia 
of  the  leg. 

The  Gastrocnemius  and  Soleus  together  form  a  muscular  mass  which  is  occa- 
sionally described  as  the  Triceps  surae;  its  tendon  of  insertion  is  the  tendo  calcaneus. 

Tendo  Calcaneus  {tendo  AchUlis) . — ^The  tendo  calcaneus,  the  common  tendon  of  the 
Gastrocnemius  and  Soleus,  is  the  thickest  and  strongest  in  the  body.  It  is  about 
15  cm.  long,  and  begins  near  the  middle  of  the  leg,  but  receives  fleshy  fibres  on  its 
anterior  surface,  almost  to  its  lower  end.  Gradually  becoming  contracted  below^, 
it  is  inserted  into  the  middle  part  of  the  posterior  surface  of  the  calcaneus,  a  bursa 
being  interposed  between  the  tendon  and  the  upper  part  of  this  surface.  The  ten- 
don spreads  out  somewhat  at  its  lower  end,  so  that  its  narrowest  part  is  about 
4  cm.  above  its  insertion.  It  is  covered  by  the  fascia  and  the  integument,  and  is 
separated  from  the  deep  muscles  and  vessels  by  a  considerable  interval  filled  up 
with  areolar  and  adipose  tissue.  Along  its  lateral  side,  but  superficial  to  it,  is  the 
small  saphenous  vein. 

The  Plantaris  is  placed  between  the  Gastrocnemius  and  Soleus.  It  arises  from 
the  lower  part  of  the  lateral  prolongation  of  the  linea  aspera,  and  from  the  oblique 
popliteal  ligament  of  the  knee-joint.  It  forms  a  small  fusiform  belly,  from  7  to 
10  cm.  long,  ending  in  a  long  slender  tendon  which  crosses  obliquely  between  the 
two  muscles  of  the  calf,  and  runs  along  the  medial  border  of  the  tendo  calcaneus, 
to  be  inserted  with  it  into  the  posterior  part  of  the  calcaneus.  This  muscle  is  some- 
times double,  and  at  other  times  wanting.  Occasionally,  its  tendon  is  lost  in  the 
laciniate  ligament,  or  in  the  fascia  of  the  leg. 

Nerves. — The  Gastrocnemius  and  Soleus  are  supplied  by  the  first  and  second  sacral  nerves, 
and  the  Plantaris  by  the  fourth  and  fifth  lumbar  and  first  sacral  nerves,  through  the  tibial  nerve. 

AetionB. — The  muscles  of  the  calf  are  the  chief  extensors  of  the  foot  at  the  ankle-joint.  They 
possess  considerable  power,  and  are  constantly  called  into  use  in  standing,  walking,  dancing, 
and  leaping;  hence  the  large  size  they  usually  present.  In  walking,  these  muscles  raise  the  heel 
from  the  ground;  the  body  being  thus  supported  on  the  raised  foot,  the  opposite  limb  can  be 
carried  forward.  In  standing,  the  Soleus,  taking  its  fixed  point  from  below,  steadies  the  leg  upon 
the  foot  and  prevents  the  body  from  falling  forward.  The  Gastrocnemius,  acting  from  below, 
serves  to  flex  the  femur  upon  the  tibia,  assisted  by  the  Popliteus.  The  Plantaris  is  the  rudiment 
of  a  large  muscle  which  in  some  of  the  lower  animals  is  continued  over  the  calcaneus  to  be  inserted 
into  the  plantar  aponeurosis.  In  man  it  is  an  accessory  to  the  Gastrocnemius,  extending  the 
ankle  if  the  foot  be  free,  or  bending  the  knee  if  the  foot  be  fixed. 

The  Deep  Group  (Fig.  553). 

Popliteus.  Flexor  digitorum  longus. 

Flexor  hallucis  longus.  Tibialis  posterior. 

Dissectioii. — Detach  the  Soleus  from  its  attachment  to  the  fibula  and  tibia,  and  turn  it  down- 
ward, when  the  deep  layer  of  muscles  is  exposed,  covered  by  the  deep  transverse  fascia  of  the  leg. 


e  deep  transverse  fascia  of  the  leg  is  a  transversely 
between  the  superficial  and  deep  muscles  of  the 


B  lis.  Fia.  553— MuBclea  or  the  b&gk  of  Uie  les. 

5  it  is  connected  to  the  margins  of  the  tibia  and 
.  the  Popliteus,  it  is  thick  and  dense,  and  receives 
if  the  Semimembranosus;  it  is  thinner  in  the  middle 
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of  the  leg;  but  below,  where  it  covers  the  tendons  passing  behind  the  malleoli, 
it  is  thickened  and  continuous  with  the  laciniate  ligament. 

Dissection. — This  fascia  should  now  be  removed,  commencing  from  below  opposite  the  tendons, 
and  detaching  it  from  the  muscles  in  the  direction  of  their  fibres. 

The  Popliteus  is  a  thin,  flat,  triangular  muscle,  which  forms  the  lower  part  of 
the  floor  of  the  popliteal  fossa.  It  arises  by  a  strong  tendon  about  2.5  cm.  long, 
from  a  depression  at  the  anterior  part  of  the  groove  on  the  lateral  condyle  of  the 
femur,  and  to  a  small  extent  from  the  oblique  popliteal  ligament  of  the  knee-joint; 
and  is  inserted  into  the  medial  two-thirds  of  the  triangular  surface  above  the  pop- 
liteal line  on  the  posterior  surface  of  the  body  of  the  tibia,  and  into  the  tendinous 
expansion  covering  the  surface  of  the  muscle. 

Belatioiui. — ^The  tendon  of  the  muscle  is  covered  by  that  of  the  Biceps  femoris  and  by  the 
fibular  collateral  ligament  of  the  knee-joint;  it  grooves  the  posterior  border  of  the  lateral  meniscus, 
and  is  invested  by  the  synovial  membrane  of  the  knee-joint.  The  fascia  covering  the  muscle 
separstea  it  from  the  Gastrocnemius,  Plantaris,  popliteal  vessels,  and  tibial  nerve.  The  deep 
surface  of  the  muscle  is  in  contact  with  the  oblique  popliteal  ligament  of  the  knee-joint  and  the 
back  of  the  tibia. 

The  Flexor  hallacis  loninis  is  situated  on  the  fibular  side  of  the  leg.    It  arises 
from  the  inferior  two-thirds  of  the  posterior  surface  of  the  body  of  the  fibula,  with 
the  exception  of  2.5  cm.  at  its  lowest  part;  from  the  lower  part  of  the  interosseous 
membrane;  from  an  intermuscular  septum  betw^een  it  and  the  Peronaei,  laterally, 
and  from  the  fascia  covering  the  Tibialis  posterior,  medially.    The  fibres  pass 
obliquely  downward  and  backward,  and  end  in  a  tendon  which  occupies  nearly 
the  whole  length  of  the  posterior  surface  of  the  muscle.   This  tendon  lies  in  a  groove 
which  crosses  the  posterior  surface  of  the  lower  end  of  the  tibia,  the  posterior 
surface  of  the  talus,  and  the  under  surface  of  the  sustentaculum  tali  of  the  calca- 
neus; in  the  sole  of  the  foot  it  runs  forward  between  the  two  heads  of  the  Flexor 
hallucis  brevis,  and  is  inserted  into  the  base  of  the  last  phalanx  of  the  great  toe. 
The  grooves  on  the  talus  and  calcaneus,  which  contain  the  tendon  of  the  muscle, 
are  converted  by  tendinous  fibres  into  distinct  canals,  lined  by  a  mucous  sheath. 
As  the  tendon  passes  forward  in  the  sole  of  the  foot,  it  is  situated  above,  and 
crosses  from  the  lateral  to  the  medial  side  of  the  tendon  of  the  Flexor  digitorum 
longus,  to  which  it  is  connected  by  a  fibrous  slip. 

Relations. — The  Flexor  hallucis  longus  is  in  relation  by  its  superficial  surface  with  the  Soleus 
and  tendo  calcaneus,  from  which  it  is  separated  by  the  deep  transverse  fascia;  by  its  deep  surface, 
with  the  fibula,  Tibialis  posterior,  the  peroneal  vessels,  the  lower  part  of  the  interosseous  mem- 
brane, and  the  ankle-joint;  by  its  lateral  border^  with  the  Peronaei;  by  its  medial  border ^  with  the 
Tibialis  posterior  and  posterior  tibial  vessels  and  tibial  nerve. 

The  Flexor  digitorum  longus  is  situated  on  the  tibial  side  of  the  leg.    At  its 
origin  it  is  thin  and  pointed,  but  it  gradually  increases  in  size  as  it  descends.    It 
arises  from  the  posterior  surface  of  the  body  of  the  tibia,  from  immediately  below 
the  popliteal  line  to  within  7  or  8  cm.  of  its  lower  extremity,  medial  to  the  tibial 
ori^  of  the  Tibialis  posterior;  it  also  arises  from  the  fascia  covering  the  Tibialis 
posterior.    The  fibres  end  in  a  tendon,  which  runs  nearly  the  whole  length  of  the 
posterior  surface  of  the  muscle.    This  tendon  passes  behind  the  medial  malleolus, 
in  a  groove,  common  to  it  and  the  Tibialis  posterior,  but  separated  from  the  latter 
by  a  fibrous  septum,  each  tendon  being  contained  in  a  special  compartment  lined 
by  a  separate  mucous  sheath.    It  passes  obliquely  forward  and  lateralward,  super- 
ficial to  the  deltoid  ligament  of  the  ankle-joint,  into  the  sole  of  the  foot  (Fig.  557), 
where  it  crosses  below  the  tendon  of  the  Flexor  hallucis  longus,  and  receives  from  it 
a'strong  tendinous  slip.    It  then  expands  and  is  joined  by  the  Quadratus  plantae, 
and  finally  divides  into  four  tendons,  which  are  inserted  into  the  bases  of  the  last 
phalanges  of  the  second,  third,  fourth,  and  fifth  toes,  each  tendon  passing  through 
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an  opening  in  the  corresponding  tendon  of  the  Flexor  digitorum  brevis  opposite 
the  base  of  the  first  phalanx. 

Belations. — In  the  leg  this  muscle  is  in  relation  by  its  superficial  surface  with  the  posterior 
tibial  vessels  and  tibial  nerve,  and  the  deep  transverse  fascia  which  separates  it  from  the  Soleus; 
by  its  deep  surfacej  with  the  tibia  and  Tibialis  posterior.  In  the  foot,  it  is  covered  by  the  Abductor 
hallucis  and  Flexor  dif^torum  brevis,  and  crosses  superficial  to  the  Flexor  hallucis  longus. 

The  Tibialis  posterior  {Tibialis  posticus)  lies  between  the  two  preceding  muscles, 
and  is  the  most  deeply  seated  of  the  muscles  on  the  back  of  the  leg.  It  begins 
above  by  two  pointed  processes,  separated  by  an  angular  interval  through  which 
the  anterior  tibial  vessels  pass  forward  to  the  front  of  the  leg.  It  arises  from  the 
whole  of  the  posterior  surface  of  the  interosseous  membrane,  excepting  its  lowest 
part;  from  the  lateral  portion  of  the  posterior  surface  of  the  body  of  the  tibia, 
between  the  commencement  of  the  popliteal  line  above  and  the  junction  of  the 
middle  and  lower  thirds  of  the  body  below;  and  from  the  upper  two-thirds  of  the 
medial  surface  of  the  fibula;  some  fibres  also  arise  from  the  deep  transverse  fascia, 
and  from  the  intermuscular  septa  separating  it  from  the  adjacent  muscles.  In 
the  lower  fourth  of  the  leg  its  tendon  passes  in  front  of  that  of  the  Flexor  digitomin 
longus  and  lies  with  it  in  a  groove  behind  the  medial  malleolus,  but  enclosed  in  a 
separate  sheath;  it  next  passes  under  the  laciniate  and  over  the  deltoid  ligament 
into  the  foot,  and  then  beneath  the  plantar  calcaneonavicular  ligament.  The 
tendon  contains  a  sesamoid  fibrocartilage,  as  it  runs  under  the  plantar  calcaneo- 
navicular ligament.  It  is  inserted  into  the  tuberosity  of  the  navicular  bone,  and 
gives  off  fibrous  expansions,  one  of  which  passes  backward  to  the  sustentaculum  tali 
of  the  calcaneus,  others  forw^ard  and  lateralward  to  the  three  cuneiforms,  the 
cuboid,  and  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 

Belations. — The  Tibialis  posterior  is  in  relation  by  its  superficial  surface  with  the  Soleus,  from 
which  it  is  separated  by  the  deep  transverse  fascia,  the  Flexor  digitorum  longus,  the  posterior 
tibial  vessels  and  tibial  nerve,  and  the  peroneal  vessels;  by  its  deep  surface,  with  the  interosseous 
membrancj  the  tibia,  fibula,  and  ankle-joint. 

Nerves. — The  Popliteus  is  supplied  by  the  foiu^h  and  fifth  lumbar  and  first  sacral  nerves, 
the  Flexor  digitorum  longus  and  Tibialis  posterior  by  the  fifth  lumbar  and  first  sacral,  and  the 
Flexor  hallucis  longus  by  the  fifth  lumbar  and  the  first  and  second  sacral  nerves,  through  the 
tibial  nerve. 

Actions. — The  Popliteus  assists  in  fiexing  the  leg  upon  the  thigh;  when  the  leg  is  flexed,  it  will 
rotate  the  tibia  inward.  It  is  especially  called  into  action  at  the  beginning  of  the  act  of  bending 
the  knee,  inasmuch  as  it  produces  the  slight  inward  rotation  of  the  tibia  which  is  essential  in  the 
early  stage  of  this  movement.  The  Tibialis  posterior  is  a  direct  extensor  of  the  foot  at  the  ankle- 
joint;  acting  in  conjunction  with  the  Tibialis  anterior,  it  turns  the  sole  of  the  foot  upward  and 
medialward,  i.  6.,  inverts  the  foot,  antagonizing  the  Peronaei,  which  turn  it  upward  and  lateral- 
ward  (evert  it).  In  the  sole  of  the  foot  the  tendon  of  the  Tibialis  posterior  lies  directly  below  the 
plantar  calcaneonavictdar  ligament,  and  is  therefore  an  important  factor  in  maintaining  the 
arch  of  the  foot.  The  Flexor  digitorum  longus  and  Flexor  hallucis  longus  are  the  direct  flexors  of 
the  phalanges,  and,  continuing  their  action,  extend  the  foot  upon  the  leg;  they  assist  the  Gastroc- 
nemius and  Soleus  in.  extending  the  foot,  as  in  the  act  of  walking,  or  in  standing  on  tiptoe.  In 
consequence  of  the  oblique  direction  of  its  tendons  the  Flexor  digitonmi  longus  would  draw  the 
toes  medialward,  were  it  not  for  the  Quadratus  plantae,  which  is  inserted  into  the  lateral  side 
of  the  tendon,  and  draws  it  to  the  middle  line  of  the  foot.  Taking  their  fixed  point  from  the 
foot,  these  muscles  serve  to  maintain  the  upright  posture  by  steadying  the  tibia  and  fibula 
perpendicularly  upon  the  talus. 

3.  The  Lateral  Crural  Muscles  (Fig.  553). 
Peronaeus  longus.  Peronaeus  brevis. 

Dissection. — The  muscles  are  readily  exposed  by  removing  the  fascia  covering  their  surface, 
from  below  upward,  in  the  line  of  direction  of  their  fibres. 

The  Peronaeus  longus  is  situated  at  the  upper  part  of  the  lateral  side  of  the 
leg,  and  is  the  more  superficial  of  the  two  muscles.    It  arises  from  the  head  and 
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upper  two-thirds  of  the  lateral  surface  of  the  body  of  the  fibula,  from  the  deep 
surface  of  the  fascia,  and  from  the  intermuscular  septa  between  it  and  the  muscles 
on  the  front  and  back  of  the  leg;  occasionally  also  by  a  few  fibres  from  the  lateral 
condyle  of  the  tibia.    Between  its  attachments  to  the  head  and  to  the  body  of  the 
fibula  there  is  a  gap  through  which  the  common  peroneal  nerve  passes  to  the  front 
of  the  leg.    It  ends  in  a  long  tendon,  which  runs  behind  the  lateral  malleolus,  in 
a  groove  common  to  it  and  the  tendon  of  the  Peronaeus  brevis,  behind  which  it 
lies;  the  groove  is  converted  into  a  canal  by  the  superior  peroneal  retinaculum,  and 
the  tendons  in  it  are  contained  in  a  common  mucous  sheath.    The  tendon  then 
extends  obliquely  forward  across  the  lateral  side  of  the  calcaneus,  below  the  troch- 
lear process,  and  the  tendon  of  the  Peronaeus  brevis,  and  under  cover  of  the  inferior 
peroneal  retinaculum.   It  crosses  the  lateral  side  of  the  cuboid,  and  then  runs  on  the 
under  surface  of  that  bone  in  a  groove  which  is  converted  into  a  canal  by  the  long 
plantar  ligament;  the  tendon  then  crosses  the  sole  of  the  foot  obliquely,  and  is 
inserted  into  the  lateral  side  of  the  base  of  the  first  metatarsal  bone  and  the  lateral 
side  of  the  first  cuneiform.    Occasionally  it  sends  a  slip  to  the  base  of  the  second 
metatarsal  bone.    The  tendon  changes  its  direction  at  two  points:  first,  behind  the 
lateral  malleolus;  secondly,  on  the  cuboid  bone;  in  both  of  these  situations  the  ten- 
don is  thickened,  and,  in  the  latter,  a  sesamoid  fibrocartilage  (sometimes  a  bone), 
is  usually  developed  in  its  substance. 

The  Peronaeus  brevis  lies  under  cover  of  the  Peronaeus  longus,  and  is  a  shorter 
and  smaller  muscle.  It  arises  from  the  lower  two-thirds  of  the  lateral  surface  of 
the  body  of  the  fibula;  medial  to  the  Peronaeus  longus;  and  from  the  intermuscular 
septa  separating  it  from  the  adjacent  muscles  on  the  front  and  back  of  the  leg. 
The  fibres  pass  vertically  downward,  and  end  in  a  tendon  which  runs  behind  the 
lateral  malleolus  along  with  but  in  front  of  that  of  the  preceding  muscle,  the  two 
tendons  being  enclosed  in  the  same  compartment,  and  lubricated  by  a  common 
mucous  sheath.  It  then  runs  forward  on  the  lateral  side  of  the  calcaneus,  above 
the  trochlear  process  and  the  tendon  of  the  Peronaeus  longus,  and  is  inserted  into 
the  tuberosity  at  the  base  of  the  fifth  metatarsal  bone,  on  its  lateral  side. 

On  the  lateral  surface  of  the  calcaneus  the  tendons  of  the  Peronaei  longus  and 
brevis  occupy  separate  osseoappneurotic  canals  formed  by  the  calcaneus  and  the 
perineal  retinacula;  each  tendon  is  enveloped  by  a  forward  prolongation  of  the 
common  mucous  sheath. 

Nerves. — ^The  Peronaei  longus  and  brevis  are  supplied  by  the  fourth  and  fifth  lumbar  and 

first  sacral  nerves  through  the  superficial  peroneal  nerve. 

.  Actions. — ^The  Peronaei  longus  and  brevis  extend  the  foot  upon  the  leg,  in  conjunction  with 

I  the  Tibialis  posterior,  antagonizing  the  Tibialis  anterior  and  Peronaeus  tertius,  which  are  flexors 

I  of  the  foot.    The  Peronaeus  longus  also  everts  the  sole  of  the  foot,  and  from  the  oblique  direction 

of  the  tendon  across  the  sole  of  the  foot  is  an  important  agent  in  the  maintenance  of  the  trans- 

veree  arch.    Taking  their  fixed  points  below,  the  Peronaei  serve  to  steady  the  leg  upon  the  foot. 

This  is  especially  the  case  in  standing  upon  one  leg,  when  the  tendency  of  the  superincumbent 

weight  is  to  throw  the  leg  medialward;  the  Peronaeus  longus  overcomes  this  tendency  by  drawing 

on  the  lateral  side  of  the  leg. 

Applied  Anatomy. — The  student  should  now  consider  the  positions  of  the  tendons  of  the  various 

musclee  of  the  leg,  their  relation  with  the  ankle-joint  and  surrounding  bloodvessels,  and  especially 

their  actions  upon  the  foot,  as  their  rigidity  and  contraction  give  rise  to  one  or  other  of  the  kinds 

of  deformity  known  as  dub-fool.    The  most  simple  and  common  deformity,  and  one  that  is  rarely, 

if  ever,  congenital,  is  talipes  equinus,  the  heel  being  raised  by  the  rigidity  and  contraction  of  the 

GastrocDemius  so  that  the  patient  walks  upon  the  ball  of  the  foot.    In  talipes  varus  the  foot  is 

forcibly  adducted  and  the  medial  side  of  the  sole  raised,  sometimes  to  a  right  angle  with  the 

ground,  by  the  action  of  the  Tibiales  anterior  and  posterior.    In  talipes  valgus  the  lateral  edge 

of  the  foot  is  raised  by  the  Peronaei,  and  the  patient  walks  on  the  medial  side  of  the  foot.    In 

toiipM  calcaneus  the  toes  are  raised  by  the  Extensor  muscles,  the  heel  is  depressed  and  the  patient 

^ks  upon  it.    Other  varieties  of  deformity  are  met  with,  as  talipes  equinovarusy  equinovalgusj 

^d  caleaneovalgiiSy  whose  names  sufficiently  indicate  their  nature.    Of  these,  talipes  equinovarus 

IS  the  most  common  congenital  form;  the  heel  is  raised  by  the  tendo  calcaneus,  the  medial  border 

<rf  the  foot  drawn  upward  by  the  Tibialis  anterior,  the  anterior  two-thirds  twisted  medialward 
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by  the  Tibialis  posterior,  and  the  arch  increased  by  the  contraction  of  the  plantar  aponeurosia, 
BO  that  the  patient  walks  on  the  middle  of  the  lateral  border  of  the  foot.  E^h  oF  these  deformities 
may  sometimes  be  successfully  relieved  by  division  of  the  opposing  tendons  and  fascia;  by  this 
means  the  foot  regains  its  proper  position,  and  the  tendons  heal  by  the  organization  of  lymph 
thrown  out  between  the  divided  ends,  liie  operation  is  easily  performed  by  putting  the  con- 
tracted tendon  upon  the  stretch,  and  dividin);  it  by  means  of  a  oarrow,  sharp-pointed  knife 
inserted  beneath  it. 

Rupture  of  a  few  of  the  fibres  of  the  Gastrocnemius,  or  rupture  of  the  Plantaris  tendon,  not 
uncommonly  occurs,  esiiecially  in  men  somewhat  advanced  in  life,  from  some  sudden  eiertion, 
and  frequently  occurs  during  the  game  of  lawn  tennis,  and  is  hence  known  sa  lavm-UnivU  leg. 
The  accident  is  accompanied  by  a  sudden  pain,  and  produces  a  sensation  as  if  the  individual 
had  been  struck  a  violent  blow  on  the  part.  The  tendo  calcaneus  is  also  sometimes  ruptured. 
It  is  stated  that  John  Hunter  ruptured  his  tendo  calcaneus  while  dancing,  at  the  age  of  forty. 
The  bursa  between  the  tendo  calcaneus  and  the  posterior  surface  of  the  calcaneus  sometimea 
becomes  inflamed,  especially  in  pedestrians  and  "long-distance"  walkers.  It  causes  great  and 
disabling  pain,  and  entirely  prevents  the  sufferer  from  continuing  his  walk. 


THE  FASaA  AROUND  THE  ANKLE. 

Fibrous  bands,  or  thickened  portions  of  the  fascia,  bind  down  the  tendons  in 
front  of  and  behind  the  ankle  in  their  passage  to  the  foot.  They  comprise  three 
ligaments,  viz.,  th^  transverse  crural,  the  cruciate  crural,  and  the  laciniate;  and 
the  superior  and   inferior  peroneal  retinacula. 


Transverse  Crural  Ligament  {ligamentum  transveraum  cruris;  upper  part  of  anterior 
annular  ligament)  (Fig,  554).— The  transverse  crural  ligament  binds  down  the 
tendons  of  Extensor  digitonim  longus.  Extensor  hallucis  longus,  Peronaeus  tertius, 
and  Tibialis  anterior  as  they  descend  on  the  front  of  the  tibia  and  fibula ;  under 
it  are  found  also  the  anterior  tibial  vessels  and  deep  peroneal  nerve.  It  is  attached 
laterally  to  the  lower  end  of  the  fibula,  and  medially  to  the  tibia;  above  it  is  con- 
tinuous with  the  fascia  of  the  leg. 

Cruciate  Crural  Ligament  {ligamentum  cruciatuvi  cruris;  lower  part  of  anterior 
annular  ligam-ent)  (Figs.  554,  555).^ — The  cruciate  crural  ligament  is  a  Y-shaped 
band  placed  in  front  of  the  ankle-joint,  the  stem  of  the  Y  being  attached  laterally 
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to  the  upper  surface  of  the  calcaneus,  in  front  of  the  depression  for  the  interosseous 
t&localcanesn  ligament;  it  is  directed  medialward  as  a  double  layer,  one  lamina 
passing  in  front  of,  and  the  other  behind,  the  tendons  of  the  Peronaeus  tertius 
and  Extensor  digitorum  longus.  At  the  medial  border  of  the  latter  tendon  these 
two  layers  join  together,  forming  a  compartment  in  which  the  tendons  are 
enclosed.  From  the  medialextremityof  this  sheath  the  two  limbs  of  the  Y  diverge: 
one  is  directed  upward  and  medialward,  to  be  attached  to  the  tibial  malleolus, 
passing  over  the  Extensor  hallucis  longus  and  the  vessels  and  nerves,  but  enclosing 
the  Tibialis  anterior  by  a  splitting  of  its  fibres.  The  other  limb  extends  downward 
and  medialward,  to  be  attached  to  the  border  of  the  plantar  aponeurosis,  and  passes 
over  the  tendons  of  the  Extensor  hallucis  longus  and  Tibialis  anterior  and  also 
the  vessels  and  nerves. 


Fto.  S55.— The  i 


Ladoiate  licammt  {ligavientum  lancinatum;  internal  anmilar  ligament). — The 
ladniate  ligament  is  a  strong  fibrous  band,  extending  from  the  tibial  malleolus 
above  to  the  margin  of  the  calcaneus  below,  converting  a  series  of  bony  grooves 
in  this  situation  into  canals  for  the  passage  of  the  tendons  of  the  Flexor  muscles 
and  the  posterior  tibial  vessels  and  tibial  nerve  into  the  sole  of  the  foot.  It  is 
continuous  by  its  upper  border  with  the  deep  fascia  of  the  leg,  and  by  its  lower 
border  with  the  plantar  aponeurosis  and  the  fibres  of  origin  of  the  Abductor 
halluds  muscle.  Enumerated  from  the  medial  side,  the  four  canals  which  it  forms 
ttanamit  the  tendon  of  the  Tibialis  posterior;  the  tendon  of  the  Flexor  digitorum 
longus;  the  posterior  tibial  vessels  and  tibial  nerve,  which  run  through  a  broad 
space  beneath  the  ligament;  and  lastly,  in  a  canal  formed  partly  by  the  talus,  the 
tendon  of  the  Flexor  hallucis  longus. 

Pwoneal  Betinacnla. —  The  peroneal  retinacula  are  fibrous  bands  which  bind 
doffn  the  tendons  of  the  Peronaei  longus  and  brevis  as  they  run  across  the  lateral 
side  of  the  ankle .  The  fibres  of  the  superior  retinacnlum  {external  annular  ligament) 
sre  attached  abore  to  the  lateral  malleolus  and  below  to  the  lateral  surface  of  the 
cdcaneus.  The  fibres  of  the  inferior  retinaculum  are  continuous  in  front  with  those 
ot  the  cruciate  crural  ligament;  behind  they  are  attached  to  the  lateral  surface  of 
the  calcaneus;  some  of  the  fibres  are  fixed  to  the  peroneal  trochlea,  forming  a  septum 
between  the  tendons  of  the  Peronaei  longus  and  bre^-is. 
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The  Flexor  digitomm  brevis  lies  in  the  middle  of  the  sole  of  the  foot,  imme- 
diately above  the  central  part  of  the  plantar  aponeurosis,  with  which  it  is  firmly 
united.    Its  deep  surface  is  separated  from  the  lateral  plantar  vessels  and  nerves 
by  a  thin  layer  of  fascia.    It  arises  by  a  narrow  tendon,  from  the  medial  process 
of  the  tuberosity  of  the  calcaneus,  from  the  central  part  of  the  plantar  aponeurosis, 
and  from  the  intermuscular  septa  between  it  and  the  adjacent  muscles.    It  passes 
forward,  and  divides  into  four  tendons,  one  for  each  of  the  four  lesser  toes.    Oppo- 
site the  bases  of  the  first  phalanges,  each  tendon 
divides  into  two  slips,  to  allow  of  the  passage 
of  the  corresponding  tendon  of  the  Flexor  digi- 
torum  longus;  the  two  portions  of  the  tendon 
then  unite  and  form  a  grooved  channel  for  the 
reception   of  the   accompanying   long   Flexor 
tendon.    Finally,  it  divides  a  second  time,  and 
is  inserted  into  the  sides  of  the  second  phalanx 
about  its  middle.     The  mode  of  division  of  the 
tendons  of  the  Flexor  digitorum  brevis,  and  of 
their  insertion  into  the  phalanges,  is  analogous 
to  that  of  the  tendons  of  the  Flexor  digitorum 
sublimis  in  the  hand. 

Fibnnu  Sheaths  of  (he  Flexor  Tendons. — The 
terminal  portions  of  the  tendons  of  the  long 
and  short  Flexor  muscles  are  contained  in 
osseoaponeurotic  canals  similar  in  their  ar- 
rangement to  those  in  the  fingers.  These 
canals  are  formed  above  by  the  phalanges 
and  below  by  fibrous  bands,  which  arch  across 
the  tendons,  and  are  attached  on  either  side 
to  the  margins  of  the  phalanges.  Opposite 
the  bodies  of  the  proximal  and  second  pha- 
langes the  fibrous  bands  are  strong,  and  the 
fibres  are  transverse;  but  opposite  the  joints 
they  are  much  thinner,  and  the  fibres  are 
directed  obliquely.  Each  canal  contains  a 
mucous  sheath,  which  is  reflected  on  the  con- 
tained tendons. 

The  Abductor  digiti  qointi  (Abductor  minimi 
digiti)  lies  along  the  lateral  border  of  the  foot, 
and  is  in  relation  by  its  medial  margin  with 
the  lateral  plantar  vessels  and  nerves.    It  arises, 
by  a  broad  origin,  from  the  lateral  process  of 
the  tuberosity  of  the  calcaneus,  from  the  under 
surface  of  the  calcaneus  between  the  two  pro- 
cesses of  the  tuberosity,  from  the  forepart  of 
Fto,  550. -Muslim  of^theBoic  o(  ti.e  luot.       ^^^  medial  process,  from  the  plantar  aponeu- 
rosis,   and    from    the    intermuscular    septum 
between  it  and  the  Flexor  digitorum  brevis.    Its  tendon,  after  gliding  over  a  smooth 
facet  on  the  under  surface  of  the  base  of  the  fifth  metatarsal  bone,  is  inserted, 
with  the  Flexor  digiti  quinti  brevis,  into  the  fibular  side  .of  the  base  of  the  first 
phalanx  of  the  fifth  toe. 

DisBOCtion.' — The  muscles  of  the  superficial  layer  should  be  divided  at  their  origin  by  iasertiag 
the  knife  beneath  each,  and  cutting  obliquely  backward,  so  as  to  detach  them  from  the  boae; 
they  should  then  be  drawn  forward,  in  order  to  expose  the  second  layer,  but  Dot  cut  away  at 
their  insertion.  The  two  layers  arc  separated  by  a  thin  membrane,  the  deep  plantar  aponeurotic, 
on  the  removal  of  which  is  «ieen  the  tendon  of  the  Plexor  digitorum  longus,  the  Quadratus  plantae, 
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the  tendon  of  the  Flexor  hallucis  longus,  and  the  Lumbricales.  The  long  Flexor  tendons  diverge 
from  each  other  at  an  acute  angle;  the  Flexor  hallucis  longus  runs  along  the  inner  side  of  the 
foot,  on  a  plane  superior  to  that  of  the  Flexor  digitorum  longus,  the  direction  of  the  latter  being 
obliquely  outward. 

The  Second  Layer  (Fig.  557). 
Quadratus  plantae.  Lumbricales. 

The  Quadratus  plantae  {Flexor  accessorius)  is  separated  from  the  muscles  of 
the  first  layer  by  the  lateral  plantar  vessels  and  nerve.  It  arises  by  two  heads, 
which  are  separated  from  each  other  by  the  long  plantar  ligament:  the  medial 
or  larger  head  is  muscular,  and  is  attached  to  the  medial  concave  surface  of  the 
calcaneus,  below  the  groove  which  lodges  the  tendon  of  the  Flexor  hallucis  longus; 
the  latent  head,  flat  and  tendinous,  arises  from  the  lateral  border  of  the  inferior 
surface  of  the  calcaneus,  in  front  of  the  lateral  process  of  its  tuberosity,  and  from 
the  long  plantar  ligament.  The  two  portions  join  at  an  acute  angle,  and  end  in  a 
flattened  band  which  is  inserted  into  the  lateral  margin  and  upper  and  under  sur- 
faces of  the  tendon  of  the  Flexor  digitorum  longus,  forming  a  kind  of  groove,  in 
which  the  tendon  is  lodged.  It  usually  sends  slips  to  those  tendons  of  the  Flexor 
digitorum  longus  which  pass  to  the  second,  third,  and  fourth  toes. 

The  Lumbricales  are  four  small  muscles,  accessory  to  the  tendons  of  the  Flexor 
digitorum  longus  and  numbered  from  the  medial  side  of  the  foot;  they  arise  from 
these  tendons,  as  far  back  as  their  angles  of  division,  each  springing  from  two 
tendons,  except  the  first.  The  muscles  end  in  tendons,  which  pass  forward  on 
the  medial  sides  of  the  four  lesser  toes,  and  are  inserted  into  the  expansions  of 
the  tendons  of  the  Extensor  digitorum  longus  on  the  dorsal  surfaces  of  the  first 
phalanges. 

Disseetion. — The  Flexor  tendons  should  be  divided  at  the  back  part  of  the  foot,  and  the 
Quadratus  plantae  at  its  origin,  and  drawn  forward,  in  order  to  expose  the  third  layer. 

The  Third  Layer  (Fig.  558). 

Flexor  hallucis  brevis.  Adductor  hallucis. 

Flexor  digiti  quinti  brevis. 

The  Flexor  hallacis  brevis  arises ,  by  a  pointed  tendinous  process,  from  the  medial 
part  of  the  under  surface  of  the  cuboid  bone,  from  the  contiguous  portion  of  the 
third  cuneiform,  and  from  the  prolongation  of  the  tendon  of  the  Tibialis  posterior 
which  is  attached  to  that  bone.  It  divides  in  front  into  two  portions,  which  are 
mserted  into  the  medial  and  lateral  sides  of  the  base  of  the  first  phalanx  of  the 
great  toe,  a  sesamoid  bone  being  present  in  each  tendon  at  its  insertion.  The  medial 
porticm  is  blended  with  the  Abductor  hallucis  previous  to  its  insertion;  the  lateral 
portum  with  the  Adductor  hallucis;  the  tendon  of  the  Flexor  hallucis  longus  lies 
in  a  groove  between  them;  the  lateral  portion  is  sometimes  described  as  the  first 
Interosseous  plantaris. 

The  Adductor  hallucis  (Adductor  obliqnus  hallucis)  arises  by  two  heads — oblique 
and  transverse.  The  oblique  head  is  a  large,  thick,  fleshy  mass,  crossing  the  foot 
obliquely  and  occupying  the  hollow  space  under  the  first,  second,  third,  and  fourth 
metatarsal  bones.  It  arises  from  the  bases  of  the  second,  third,  and  fourth  meta- 
tarsal bones,  and  from  the  sheath  of  the  tendon  of  the  Peronaeus  longus,  and  is 
insertedy  together  with  the  lateral  portion  of  the  Flexor  hallucis  brevis,  into  the 
lateral  side  of  the  base  of  the  first  phalanx  of  the  great  toe.  The  transverse  head 
{Transversv^  pedis)  is  a  narrow,  flat  fasciculus  which  arises  from  the  plantar  meta- 
tarsophalangeal ligaments  of  the  third,  fourth,  and  fifth  toes  (sometimes  only 
from  the  third  and  fourth),  and  from  the  transverse  ligament  of  the  metatarsus. 
It  is  inserted  into  the  lateral  side  of  the  base  of  the  first  phalanx  of  the  great  toe, 
its  fibres  blending  with  the  tendon  of  insertion  of  the  oblique  head. 


The  Abductor,  Flexor  brevis,  and  Adductor  of  the  great  toe,  like  the  similar 
muscles  of  the  thumb,  give  off,  at  their  insertions,  fibrous  expansions  to  blend 
with  the  tendons  of  the  Extensor  digitorum  longus. 


Fia.  657.— Muscles  of  the  sole  of  the  foot.  Fia.  55B.— Muacles  of  tbe  Bolc  of  the  foot. 

SacQnd  Ujer.  Third  l«-rr. 

The  Kexor  digiti  quinti  brevis  (Flexor  brefis  minimi  digitl)  lies  under  the 
metatarsal  bone  of  the  little  toe,  and  resembles  one  of  the  Interossei.  It  arises 
from  the  base  of  the  fifth  metatarsal  bone,  and  from  the  sheath  of  the  Peronaeus 
longus;  its  tendon  is  inserted  into  the  lateral  side  of  the  base  of  the  first  phalanx 
of  the  fifth  toe.  Occasionally  a  few  of  the  deeper  fibres  are  inserted  into  the 
lateral  part  of  the  distal  half  of  the  fifth  metatarsal  bone;  these  are  described  by 
some  as  a  distinct  muscle,  the  Opponens  digiti  quinti. 

The  Fourth  Layer. 
Interossei. 
The  Interossei  in  the  foot  are  similar  to  those  in  the  hand,  with  this  exception, 
that  they  are  grouped  around  the  middle  line  of  the  second  digit,  instead  of  that 
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of  the  third.    They  are  seven  in  number,  and  consist  of  two  groups,  dorsal  and 
plantar. 

The  Interossei  dorsales  [Dorsal  interossei)  (Fig.  559),  four  in  number,  are  situated 
between  the  metatarsal  bones.  They  are  bipenniform  muscles,  each  arising  by 
two  heads  from  the  adjacent  sides  of  the  metatarsal  bones  between  which  it  is 
placed;  their  tendons  are  inserted  into  the  bases  of  the  first  phalanges,  and  into  the 
aponeurosis  of  the  tendons  of  the  Extensor  digitorum  longus.  In  the  angular 
inten'al  left  between  the  heads  of  each  of  the  three  lateral  muscles,  one  of  the 
perforating  arteries  passes  to  the  dorsum  of  the  foot;  through  the  space  between 
the  heads  of  the  first  muscle  the  deep  plantar  branch  of  the  dorsalis  pedis  artery 
enters  the  sole  of  the  foot.  The  first  is  inserted  into  the  medial  side  of  the  second 
toe;  the  other  three  are  inserted  into  the  lateral  sides  of  the  second,  third,  and 
fourth  toes. 


Flo.  5S9.— The  Intsrosaei  domlH.     Left  foot.  Fia.  560.— The  InteKKSei  plBDUrea.     Leit  foot. 

The  Interossei  plaatares  (Plantar  interossei)  (Fig.  560),  three  in  number,  lie 
beneath  rather  than  between  the  metatarsal  bones,  and  each  is  connected  with 
but  one  metatarsal  bone.  They  arise  from  the  bases  and  medial  sides  of  the  bodies 
of  the  third,  fourth,  and  fifth  metatarsal  bones,  and  are  inserted  into  the  medial 
sides  of  the  bases  of  the  first  phalanges  of  the  same  toes,  and  into  the  aponeuroses 
of  the  tendons  of  the  Extensor  digitorum  longus. 

HerT«B.— The  Flexor  digitorum  brevia,  the  Flexor  hallucis  brevis,  the  Abductor  hallucis, 
and  the  firat  Lumbricalis  are  supplied  by  the  medial  plantar  nerve;  all  the  other  muscles  in  the 
sole  of  the  foot  by  the  lateral  plantar.  The  first  Interosseous  dorsalis  frequently  receives  an 
extra  filament  from  the  medial  branch  of  the  deep  peroneal  nerve  on  the  dorsum  of  the  foot, 
and  the  second  Interosseous  dorsalis  a  twig  from  the  lateral  branch  of  the  same  nerve. 

Actions. — .All  the  muscles  of  the  foot  act  upon  the  toes,  and  may  be  grouped  as  abductors, 

adductors,  flexors,  or  extensors.    The  oMuclora  are  the  Interossei  dorsales,  the  Abductor  hallucis, 

and  the  Abductor  digiti  quinti.    The  Interossei  dorsales  are  abductors  from  an  imaginary  line 

passing  through  the  axis  of  the  second  toe,  so  that  the  first  muscle  draws  the  second  toe  medial- 

*ard,  toward  the  great  toe,  the  second  muscle  draws  the  same  toe  lateralward,  and  the  third 

ad  fourth  draw  the  thin!  and  fourth  toes  in  the  same  direction.    Like  the  Interossei  in  the  hand, 

ich  assists  in  flexing  the  first  phalanx  and  extending  the  second  and  third  phahvnges.     The 

bductor  hallucia  abducts  the  great  toe  from  the  second,  and  also  flexes  its  proximal  phalanx. 
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In  the  same  way  the  action  of  the  Abductor  digiti  qiuDti  is  twofold,  as  an  abductor  of  this  im 
from  the  fourth,  and  also  as  a  flexor  of  its  proximal  phalanx.  The  adductoTs  are  the  Inten»n 
plantaree  and  the  Adductor  hallucis.  The  Interossei  plantares  adduct  the  third,  fourth,  and 
fifth  toes  toward  the  imaRinary  line  passing  through  the  second  toe,  and  by  means  of  their  in 
tions  into  the  aponeuroses  of  the  Extensor  tendons  they  assist  in  flexing  the  proximal  phiUaoia 
and  extending  the  middle  and  terminal  phalanges.  The  oblique  head  of  the  Adductor  hallucis 
is  chiefly  concerned  in  adducting  the  great  toe  toward  the  second  one,  but  also  asetsU  in  fle 
this  toe;  the  transverse  head  approximates  all  the  toes  and  thus  increases  the  curve  of  the  Ir 
veraearch  of  the  metatarsus,  The^exorg  are  the  Flexor  digitorum  brevis,  the  Quadratus  ptanUe, 
the  Flexor  hallucie  brevis,  the  Flexor  digiti  quinti  brevis,  and  the  Lumbricales.  The  Fleior 
d^torum  brevis  flexes  the  second  phalanges  upon  the  first,  and,  continuing  its  action,  tlex«sthe 
first  phalanges  also,  and  brings  the  toes  together.  The  Quadratus  plantae  assists  the  Flexor  di 
tttnun  longUB  and  converts  the  oblique  pull  of  the  tendons  of  that  muscle  into  a  direct  hackwaid 
pull  upoD  the  toes.  The  Flexor  digiti  quinti  brevis  Hexes  the  little  toe  and  draws  its  metatarstil 
bone  downward  and  medialward.  The  Lumbricales,  like  the  corresponding  muscles  in  the  hand, 
assist  in  flexing  the  proximal  phalanges,  and  by  their  insertions  into  the  tendons  of  the  Extensor 
digitorum  longus  aid  that  muscle  in  straightening  the  middle  and  terminal  phalanges.  The 
Extensor  digitorum  brevis  extends  the  first  phalanx  of  the  great  toe  and  assists  the  long  Extensw 
in  extending  the  next  three  toes,  and  at  the  same  time  gives  to  the  toes  a  lateral  direction  whm 
they  are  extended. 


re  of  Uie  neck  of  t 


Applied  Anatomr. — ^The  student  should  now  consider  the  effects  produced  by  the  action  of 
the  various  muscles  in  fractures  of  the  bones  of  the  lower  extremity.    The  more  common  forms 

of  fracture  are  selected  for  illustration  and  description. 

In  fracture  of  the  neck  o/  Ihe  femur  inside  the  arUetdar  eapsuie  (Fig.  561),  the  characteristic 
Bi'gns  are  slight  shortening  of  the  limb,  and  eversion  of  the  foot,  neither  of  which  may  appear 
until  some  time  after  the  injury.  The  eversion  is  caused  by  the  weight  of  the  limb  rotating  it 
outward.    The  shortening  is  produced  by  the  contractions  of  all  the  muscles  about  the  joint. 

In  iT&ctuie  of  the  femw  Just  bdow  the  Iroehanlers  (Fig.  562),  the  upper  fragment  is  tilted  forward 
almost  at  right  angles  with  the  pelvis,  by  the  Psoas  major  and  Iliacus;  and,  at  the  same  time, 
everted  and  drawn  laterally  by  the  externa!  rotator  muscles  and  Glutaei,  causing  a  mariced 
prominence  at  the  upper  and  lateral  side  of  the  thigh,  and  much  pain  from  the  bruising  and  lacera- 
tion of  the  miaclea.  The  limb  is  shortened,  because  the  lower  fragment  is  drawn  upward  by  the 
Rectus  femoris  in  front,  and  the  Biceps  femoris,  Semimembranosus,  and  Semitcadinosus  behind; 
it  is,  at  the  same  time,  everted.  This  fracture  may  be  reduced  by  relaxation  of  all  the  muscles 
involved,  to  effect  which  the  limb  should  be  put  up  with  the  thigh  flexed  on  the  pelvis  and  the 
leg  on  the  thinh. 
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Oblique  fracture  of  the  femur  immediately  above  the  condyles  (Fif;.  5S3)  is  a  formidable  injury, 
and  attended  with  coiuriderable  dieplacement.  On  examination  of  the  limb,  the  lower  fragment 
may  be  felt  deep  iu  the  popliteal  foesa,  being  drawn  backward  by  the  Gastrocnemius,  and  upward 
by  the  Hamstrings  and  Rectus  femoHs.  The  pointed  end  of  the  upper  fragment  is  drawn  medial- 
irard  by  the  Pectineus  and  Adductoree,  and  tilted  forward  by  the  Psoas  major  and  Iliacus,  piercing 
the  Rectus,  and  occasionally  the  integument.  Relaxation  of  these  muscles,  and  direct  approTuma- 
tioD  of  the  broken  fragments,  are  effected  by  traction  with  the  limb  fully  flexed.  The  greatest 
core  is  requisite  in  keeping  the  pointed  extremity  of  the  upper  fragment  in  proper  position; 
othawise,  after  union  of  the  fracture,  the  power  of  extension  of  the  limb  is  partially  destroyed, 
the  Rectus  femoris  being  held  down  by  the  fractured  end  of  the  bone. 


Fio.  562.— FtMture  of  the  (emur  below  the  Fro.  693.— Fratturo  of  the  femur  sbovo  the 

In  transverse  fracture  of  the  paUUa  (Fig.  564)  the  fragments  are  separated  by  the  action  of 
the  Quadriceps  femoris  and  by  the  effusion  which  takes  place  into  the  joint;  the  extent  of  separa- 
tion of  the  two  fragments  depending  upon  the  degree  of  laceration  of  the  ligamentous  structures 
unund  the  bone. 

Id  obhque  fracture  of  the  body  of  the  tibia  (Fig.  565),  if  the  fracture  has  taken  place  obliquely 
from  above,  downward  and  fornud,  the  fragments  ride  over  one  another,  the  lower  fragment 
being  drawn  backward  and  upward  by  the  powerful  action  of  the  muscles  of  the  calf;  the  pointed 
extremity  of  the  upper  fragment  projects  forward  immediately  beneath  the  integument,  often 
protruding  through  it,  and  rendering  the  fracture  compound.  If  the  direction  of  the  fracture 
b  the  reverse  of  that  shown  in  the  figure,  the  pointed  extremity  of  the  lower  fragment  projects 
forward,  rising  up  on  the  lower  end  of  the  upper  one.  By  bending  the  knee,  which  relaxes  the 
cfjposing  muscles,  and  making  extension  from  the  ankle  and  counter-extension  at  the  knee,  the 
fragments  may  be  brought  into  apposition.  It  is  sometimes  necessary,  however,  in  compound 
fracture  to  remove  a  portion  of  the  projecting  bone  with  the  saw  before  complete  adaptation 
can  be  effected. 

Fracture  of  the  ,^&uia  viith  dislocation  of  the  foot  iaterolioarrf,  commonly  known  as  Poll's  fracture, 
ia  one  of  the  most  frequent  injuries  in  the  region  of  the  ankle-joint.  The  fibula  is  fractured  about 
7  or  8  cm.  above  the  ankle;  in  addition  to  this  the  medial  malleolus  is  broken  off,  or  the  deltoid 
ligament  torn  through,  and  the  talus  displaced  from  the  corresponding  surface  of  the  tibia.    The 


foot  ia  markedly  everted,  and  the  eharp  edge  of  the  upper  end  of  the  fractured  malleolus  preteee 
strongly  against  the  akin;  at  the  same  time,  the  heel  is  drawn  up  by  the  muBcles  of  the  calf.  This 
injury  can  generally  be  reduced  by  flexing  the  leg  at  right  angles  with  the  thiRh,  which  rela^m 


Fio.  Se4.— Fncture  ol  Cbe  patella.  Fio.  565.— Oblique  fnctun  of  tilt  body  of  tbe  libit. 

all  the  opposing  muscles,  and  by  making  extension  from  the  ankle  and  counter^attoision  at  the 
knee.  There  is  later  a  great  tendency  for  the  foot  to  fall  backward  at  the  ankle-joint,  and  constant 
Bupervision  is  required  to  counteract  this. 


ANGIOLOGY. 


npHE  vascular  system  is  divided  for  descriptive  purposes  into  (a)  the  blood 
J-  vascular  sjrstem,  which  comprises  the  heart  and  bloodvessels  for  the  circula- 
tion of  the  blood;  and  (6)  the  lymph  vascular  system,  consisting  of  lymph  glands 
and  lymphatic  vessels,  through  which  a  colorless  fluid,  the  lynq>h,  circulates.  It 
must  be  noted,  how^ever,  that  the  two  systems  communicate  with  each  other  and 
are  intimately  associated  developmentally. 

The  heart  is  the  central  organ  of  the  blood  vascular  system,  and  consists  of  a 
hollow  muscle;  by  its  contraction  the  blood  is  pumped  to  all  parts  of  the  body 
through  a  complicated  series  of  tubes,  termed  arteries.  The  arteries  undergo 
enormous  ramification  in  their  course  throughout  the  body,  and  end  in  minute 
vessels,  called  arterioles,  which  in  their  turn  open  into  a  close-meshed  network 
of  microscopic  vessels,  termed  capillaries.  After  the  blood  has  passed  through  the 
capillaries  it  is  collected  into  a  series  of  larger  vessels,  called  veins,  by  which  it  is 
returned  to  the  heart.  The  passage  of  the  blood  through  the  heart  and  blood- 
vessels constitutes  what  is  termed  the  circulation  of  the  blood,  of  which  the  following 
is  an  outline.^ 

The  human  heart  is  divided  by  septa  into  right  and  left  halves,  and  each  half 
is  further  divided  into  two  cavities,  an  upper  termed  the  atriun  and  a  lower  the 
ventricle.  The  heart  therefore  consists  of  four  chambers,  two,  the  right  atrium 
and  right  ventricle,  forming  the  right  half,  and  two,  the  left  atrium  and  left  ventricle 
the  left  half.  The  right  half  of  the  heart  contains  venous  or  impure  blood;  the  left, 
arterial  or  pure  blood.  The  atria  are  receiving  chambers,  and  the  ventricles  dis- 
tributing ones.  From  the  cavity  of  the  left  ventricle  the  pure  blood  is  carried  into 
a  large  artery,  the  aorta,  through  the  numerous  branches  of  which  it  is  distributed 
to  all  parts  of  the  body,  wdth  the  exception  of  the  lungs.  In  its  passage  through 
the  capillaries  of  the  body  the  blood  gives  up  to  the  tissues  the  materials  necessary 
for  their  growth  and  nourishment,  and  at  the  same  time  receives  from  the  tissues 
the  waste  products  resulting  from  their  metabolism.  In  doing  so  it  is  changed 
from  arterial  into  venous  blood,  which  is  collected  by  the  veins  and  through  them 
returned  to  the  right  atrium  of  the  heart.  From  this  cavity  the  impure  blood 
passes  into  the  right  ventricle,  and  is  thence  conveyed  through  the  pulmonary 
arteries  to  the  lungs.  In  the  capillaries  of  the  lungs  it  again  becomes  arterialized, 
and  is  then  carried  to  the  left  atrium  by  the  pulmonary  veins.  From  the  left  atrium 
it  passes  into  the  left  ventricle,  from  which  the  cycle  once  more  begins. 

The  course  of  the  blood  from  the  left  ventricle  through  the  body  generally  to 
the  right  side  of  the  heart  constitutes  the  greater  or  systemic  circulation,  while  its 
passage  from  the  right  ventricle  through  the  lungs  to  the  left  side  of  the  heart  is 
termed  the  lesser  or  pulmonary  circulation. 

It  is  necessary,  however,  to  state  that  the  blood  which  circulates  through  the 
spleen,  pancreas^  stomach,  small  intestine,  and  the  greater  part  of  the  large  intes- 
tine is  not  returned  directly  from  these  organs  to  the  heart,  but  is  conveyed  by  the 
portal  vein  to  the  liver.  In  the  liver  this  vein  divides,  like  an  artery,  and  ultimately 
ends  in  capillary-like  vessels  {sinusoids),  from  w^hich  the  rootlets  of  a  series  of  veins, 
called  the  hepatic  veins,  arise;  these  carry  the  blood  into  the  inferior  vena  cava, 

'  The  composition  of  the  blood  is  described  on  pp.  61  to  64. 
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whence  it  is  conveyed  to  the  right  atrium.  From  this  it  will  be  seen  that  the 
blood  contained  in  the  portal  vein  passes  through  two  sets  of  vessels:  (I)  the 
capillaries  in  the  spleen,  pancreas,  stomach,  etc.,  and  (2)  the  sinusoids  in  the  liver. 
Speaking  generally,  the  arteries  may  be  said  to  contain  pure  and  the  veins 
impure  blood.  This  is  true  of  the  systemic,  but  not  of  the  pulmonary  vessels, 
since  it  has  been  seen  that  the  impure  blood  is  conveyed  from  the  heart  to  the  lungs 
by  the  pulmonary  arteries,  and  the  pure  blood  returned  from  the  lungs  to  the  heart 
by  the  pulmonary  veins.  Arteries,  therefore,  must  be  defined  as  vessels  which 
convey  blood  from  the  heart,  and  veins  as  vessels  which  return  blood  to  the  heart. 

Sfrncttm  <rf  AitoiiM  (Fig.  566).— The  arteries  are  composed  of  three  coat«:  an  internal  or 
endothelial  ooat  (tunica  intitna  of  Kfilliker);  a  middle  or  muscular  coat  (funiea  media);  aod  an 
external  or  connective-tissue  coat  (tunica  adventitia). 
The  two  inner  coats  toRether  are  very  easily  separated 
from  the  external,  as  by  the  ordinary  operation  of 
tying  a  ligature  around  an  artery.  If  a  fine  string  be 
tied  forcibly  upon  an  artery  and  then  taken  off,  tbe 
external  ooat  will  be  found  undivided,  but  the  two 
inner  coats  are  divided  in  the  track  of  the  ligature 
and  can  easily  be  further  dissected  from  the  outer 

The  innar  coat  (tunica  intima)  can  be  separated 
from  the  middle  by  a  little  maceration,  or  it  may  be 
stripped  off  in  small  pieces;  but,  on  account  of  its 
friability,  it  cannot  be  separated  as  a  complete  mem- 
brane. It  is  a  fine,  transparent,  colorless  structure 
which  is  highly  elastic,  and,  after  death,  is  commonly 
corrugated  into  longitudinal  wrinkles.  The  inner  coat 
'  consists  of:    (I)  A  layer  of  pavement  endothelium, 

the  cells  of  which  are  polygonal,   oval,  or  fusiform, 
and  have  very  distinct  round  or  oval  nuclei.    This 
endothehum  is  brought  into  view  most  distinctly  by 
staining  with  nitrate  of  silver.     (2)  A  subendothelial 
layer,  consisting  of  delicate   connective  tissue  with 
branched  cells  lying  in  the  interspaces  of  the  tissue; 
in  arteries  of  less  than  2  mm.  in  diameter  the  sub- 
«^',?'i!^TJnT^™rn;^oi^"m'J'"b™™'of^    endothelial  layer  consiste  of  a  sinjile  stratum  of  atei- 
oHf  loitis  of  ft  child.     X  3S0.    (Klein  and  Noble     ]g,te  cells,  and  the   connective  tissue  is  Only  lai^ely 
^Mm.i!whiS'EnMir/'Sie'^teZ'i''bJ^^Sl     developed  in   vessels  of  a  considerable  BiEe.     (3)  An 
tTKied.'the  andotheiisl  cells  nppear  very  ihiijk.     elastic  or  fenestrated  layer,  which  consists  of  a  mem- 
l^^'^The  chief  p«rtoJ''t!ie''™5^'i?eVjSS     brane  containing  a  net-work  of  elastic  fibres,  havinfi 
ii  occupied  by   tbo  citoulsr  miwcle  cost  m:  the     principally   a  longitudinal  direction,   and  in    which, 
o^i^^J'a'a! nLntr^ ad^a^ia!'T^'it    under  the  micTOBCope,  small  elongated  apertures  or 
compo»d  of  buiidiw  of  conneetivo  tioue  fibi™,    perforations  may  be  seen,  giving  it  a  fenestrated  ^>- 
ti'vT5«liurcoro1is^»!'  The''l!dv™Uii«"'Kt^^SjS     pearance.    It  was  therefore  called  by  Henle  the  tanvs- 
menng  iaio  t£e  lurrouiidiu  conoective  tiwie.    tiatwl  mombranfl.     This  membrane  forms  the  chief 
l'^  ^°\d^J\y^^^''^JtiLyy^i^^     thickness  of  the  inner  coat,  and  can  be  separated  into 
account  of  it»  delicacy  ia  aHn  ai  a  man  lino  on  the     several  layers,  some  of  which  present  the  appearance 

ClSlrt,^  ra™c£«iL,""TdS™?Jlu.°S'S    of  a  net-work  of  longitudinal  elastic  fibres,  and  others 
in  Biracture  to  that  of  an  artery.  '  a  more  membranous  character,  marked  by  pale   lines 

having  a  longitudinal  direction.  In  minute  arteries 
the  fenestrated  membrane  is  a  very  thin  layer;  but  in  the  larger  arteries,  and  especially  in  the 
aorta,  it  has  a  very  considerable  thickness. 

The  mlddla  coat  (tunica  media)  is  diBtinguished  from  the  inner  by  its  color  and  by  the  trans- 
verse arrangement  of  its  fibres.  In  the  smaller  arteries  it  consists  principally  of  plain  muscle 
fibres  in  fine  bundles,  arranged  in  lamelke  and  disposed  circularly  around  the  vessel.  These 
lameliK  vary  in  number  according  to  the  size  of  the  vessel;  the  smallest  arterica  having  only  a 
single  layer  (Fig.  567),  and  those  slightly  larger  three  or  four  layers.  It  is  to  this  coat  that  the 
thickness  of  the  wall  of  the  artery  is  mainly  due  (Fig.  a&M,  m).  In  the  larger  arteries,  as  the 
iliac,  femoral,  and  carotid,  elastic  fibres  unite  to  form  lamclhc  which  alternate  with  the  layers 
of  muscular  fibres;  these  lamellce  are  united  to  one  another  by  elastic  fibres  which  pass  between 
the  muscular  bundles,  and  are  connected  with  the  fenestrated  membrane  of  the  inner  coat  (Fig. 
568),  In  the  largest  arteries,  as  the  aoKa  and  innominate,  the  amount  of  elastic  tissue  is  very 
considerable;  in  these  vessels  a  few  bundles  of  white  connective  tissue  also  have  been  found  in 
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tbe  middle  coat.     The  muscle  fibre  cells  are  about  50|i  in  length  and  contain  well-marked,  rod- 
shaped  nuclei,  which  are  often  slightly  curved. 

The  extanul  coat  (tunica  adveiUMa)  conaiats  mainly  (rf  fine  and  closely  felted  bundles  of  white 
connective  tissue,  but  also  contains  elastic  fibres  in  all  but  the  smallest  arteries.  The  elastic 
tissue  is  much  niore  abundant  next  the  tunica  media, 
»ntl  it  ia  sometimee  described  as  forming  here,  between 
the  adventitia  and  media,  a  special  layer,  the  tmiea 
•lutlea  «ztcn>ft  of  Henle.  This  layer  is  moet  marked 
in  art«ries  of  medium  size.  In  the  largest  vessels  the 
external  cnat  is  relatively  thin;  but  in  small  arteries 
it  isofgreaterproportionate  thickness.  Inthesmaller  . 
art«rieB  it  consists  of  a  single  layer  of  white  connec- 
tive tissue  and  elastic  fibres;  while  in  the  smallest 
arteriea,  just  above  the  capillaries,  the  elastic  fibres 
are  wanting,  and  the  connective  tissue  of  which  the 
roat  is  composed  becomes  more  nearly  homogeneous 
the  nearer  it  approaches  the  capillaries,  and  is  grad- 
ually reduced  to  a  thin  membranous  envelope,  which 

fin^y  disappears. 

Some  arteries  have  extremely  thin  walls  in  propor- 
tion to  their  aiie;  this  is  especially  the  case  in  those 

mtuated  in  the  cavity  of  the  cranium  and  vertebral 

canal,  the  difference  depending  on  the  thinness  of  the 

eiteroal  and  middle  coats. 
The  arteries,  in  their  distribution  throughout  the 

body,  are  included  in  thin  Gbro-areolar  investments, 

which  form  their  ihsatfai.    The  vessel  is  loosely  con-     ^ 

nected  with  its  sheath  by  delicate  areolar  tisaue;  and    }" 

the  aheath  usually  encloses  the  accompanying  veins, 

md  eometimes  a  nerve.      Some  arteries,  as  those  in  the 
All  the  larger  arteries,  like  the  other  oisans  of  the  body, 


Fio.  587,— Sin»ll  »r»[y  and  vt 


not  included  in  sheathe, 
supplied  with  bloodvessels.    These 


—  Elastic  layrr 

Innermoti  layen  oj 
middU  eoai 


Oultrmost  part  o/ 


DUtmnt  vessela,  called  the  vau  Taumm,  arise  from  a  branch  of  the  artery,  o 
mi  vessel,  at  some  considerable  distance  from  the  point  at  which  they  are 
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ramify  in  the  loose  areolar  tissue  connecting  the  artery  with  its  sheath,  and  are  distributed  to 
the  external  coat,  but  do  not,  in  man,  penetrate  the  other  coats;  in  some  of  the  larger  mammals 
a  few  vessels  have  been  traced  into  the  middle  coat.  Minute  veins  return  the  blood  from  these 
vessels;  they  empty  themselves  into  the  vein  or  veins  accompanying  the  artery.  Lymphatic 
vessels  are  also  present  in  the  outer  coat. 

Arteries  are  also  supplied  with  nerves,  which  are  derived  from  the  sympathetic,  but  may  pa^ 
through  the  cerebrospinal  nerves.  They  form  intricate  plexuses  upon  the  surfaces  of  the  larger 
trunks,  and  run  along  the  smaller  arteries  as  single  filaments,  or  bundles  of  filaments  which  twist 
around  the  vessel  and  unite  with  each  other  in  a  plexiform  manner.  The  branches  derived  from 
these  plexuses  penetrate  the  external  coat  and  are  distributed  principally  to  the  muscular  tissue 
of  the  middle  coat,  and  thus  regulate,  by  causing  the  contraction  and  relaxation  of  this  tissue 
the  amount  of  blood  sent  to  any  part. 

The  Capillaries. — The  smaller  arterial  branches  (excepting  those  of  the  cavernous  structure 
of  the  sexual  organs,  of  the  splenic  pulp,  and  of  the  placenta)  terminate  in  net-works  of  vessels 
which  pervade  nearly  every  tissue  of  the  body.  These  vessels,  from  their  minute  size,  are  termed 
capillaries.  They  are  interposed  between  the  smallest  branches  of  the  arteries  and  the  commenc- 
ing veins,  constituting  a  net-work,  the  branches  of  which  maintain  the  same  diameter  throughout; 
the  meshes  of  the  net-work  are  more  uniform  in  shape  and  size  than  those  formed  by  the  anasto- 
moses of  the  small  arteries  and  veins. 

The  diameters  of  the  capillaries  vary  in  the  different  tissues  of  the  body,  the  usual  size  being 
about  Sfx.  The  smallest  are  those  of  the  brain  and  the  mucous  membrane  of  the  intestines; 
and  the  largest  those  of  the  skin  and  the  marrow  of  bone,  where  they  are  stated  to  be  as  large 
as  20fjL  in  diameter.  The  form  of  the  capillary  net  varies  in  the  different  tissues,  the  meshes  being 
generally  rounded  or  elongated. 

The  rounded  form  of  mesh  is  most  conmion,  and  prevails  where  there  is  a  dense  network,  as  in 
the  lungs,  in  most  glands  and  mucous  membranes,  and  in  the  cutis;  the  meshes  are  not  of  an 
absolutely  circular  outline,  but  more  or  less  angular,  sometimes  nearly  quadrangular,  or  polygonal, 
or  more  often  irregular. 

Elongated  meshes  are  observed  in  the  muscles  and  nerves,  the  meshes  resembUng  parallelograms 
in  form,  the  long  axis  of  the  mesh  running  parallel  with  the  long  axis  of  the  nerve  or  muscle. 
Sometimes  the  capillaries  have  a  looped  arrangement;  a  single  vessel  projecting  from  the  common 
net-work  and  returning  after  forming  one  or  more  loops,  as  in  the  papillte  of  the  tongue  and 
skin. 

The  number  of  the  capillaries  and  the  size  of  the  meshes  determine  the  degree  of  vascularity 
of  a  part.  The  closest  network  and  the  smallest  interspaces  are  found  in  the  lungs  and  in  the 
choroid  coat  of  the  eye.  In  these  situations  the  interspaces  are  smaller  than  the  capillary  vessels 
themselves.  In  the  intertubular  plexus  of  the  kidney,  in  the  conjunctiva,  and  in  the  cutis,  the 
interspaces  are  from  three  to  four  times  as  large  as  the  capillaries  which  form  them;  and  in  the 
brain  from  eight  to  ten  times  as  large  as  the  capillaries  in  their  long  diameters,  and  from  four 
to  six  times  as  large  in  their  transverse  diameters.  In  the  adventitia  of  arteries  the  width  of  the 
meshes  is  ten  times  that  of  the  capillary  vessels.  As  a  general  rule,  the  more  active  the  func- 
tion of  the  organ,  the  closer  is  its  capillary  net  and  the  larger  its  supply  of  blood;  the  meshes  of 
the  network  are  very  narrow  in  all  growing  parts,  in  the  glands,  and  in  the  mucous  membranes, 
wider  in  bones  and  ligaments  which  are  comparatively  inactive;  bloodvessels  are  nearly  alto- 
gether absent  in  tendons,  in  which  very  little  organic  change  occurs  after  their  formation.  In 
the  hver  the  capillaries  take  a  more  or  less  radial  course  toward  the  intralobular  vein,  and  their 
walls  are  incomplete,  so  that  the  blood  comes  into  direct  contact  with  the  liver  cells.  These 
vessels  in  the  liver  are  not  true  capillaries  but  "sinusoids;"  they  are  developed  by  the  growth 
of  columns  of  liver  cells  into  the  blood  spaces  of  the  embryonic  organ. 

Structure. — The  wall  of  a  capillary  consists  of  a  fine  transparent  endothelial  layer,  composed 
of  cells  joined  edge  to  edge  by  an  interstitial  cement  substance,  and  continuous  with  the  endo- 
thelial cells  which  line  the  arteries  and  veins.  When  stained  with  nitrate  of  silver  the  edges  which 
bound  the  epithelial  ceUs  are  brought  into  view  (Fig.  569).  These  cells  are  of  large  size  and  of 
an  irregular  polygonal  or  lanceolate  shape,  each  containing  an  oval  nucleus  which  may  be  dis- 
played by  carmine  or  hematoxylin.  Between  their  edges,  at  various  points  of  their  meeting, 
roundish  dark  spots  are  sometimes  seen,  which  have  been  described  as  stomata,  though  they  are 
closed  by  intercellular  substance.  They  have  been  believed  to  be  the  situations  through  which 
the  colorless  corpuscles  of  the  blood,  when  migrating  from  the  bloodvessels,  emerge;  but  this 
view,  though  probable,  is  not  universally  accepted. 

Kolossow  describes  these  cells  as  having  a  rather  more  complex  structure.  He  states  that 
each  consists  of  two  parts:  of  hyaline  ground  plates,  and  of  a  protoplasmic  granular  part,  in 
which  is  imbedded  the  nucleus,  on  the  outside  of  the  ground  plates.  The  hyaline  internal  coat 
of  the  capillaries  does  not  form  a  complete  membrane,  but  consists  of  "plates"  which  are  inelastic, 
and  though  in  contact  with  each  other  are  not  continuous;  when  therefore  the  capillaries  are  sub- 
jected to  intravascular  pressure,  the  plates  become  separated  from  each  other;  the  protoplasmic 
portions  of  the  ceUs,  on  the  other  hand,  are  united  together.    In  some  organs,  c.  g.j  the  glomeruli 
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Fig.  569. — Capillaries  from  the  mesen- 
tery of  a  guinea-pig,  after  treatment  with 
solution  of  nitrate  of  silver,  a.  Cells. 
b.  Their  nuclei. 


of  the  kidneys,  intercellular  cement  cannot  be  demonstrated  in  the  capillary  wall  and  the  cells 
are  believed  to  form  a  syncytium. 

In  many  situations  a  delicate  sheath  or  envelope  of  branched  nucleated  connective  tissue  cells 
is  found  around  the  simple  capillary  tube,  particularly  in  the  larger  ones;  and  in  other  places, 
especially  in  the  glands,  the  capilkuies  are  invested  with  retiform  connective  tissue. 

Sinusoids. — In  certain  organs,  viz.,  the  heart,  the  liver,  the  suprarenal  and  parathyroid 
glands,  the  glomus  caroticum  and  glomus  coccygeum,  the  smallest  bloodvessels  present  various 
differences  from  true  capillaries.  They  are  wider,  with  an 
irregular  lumen,  and  have  no  connective  tissue  covering, 
their  endothelial  cells  being  in  direct  contact  with  the  cells  of 
the  organ.  Moreover,  they  are  either  arterial  or  venous  and 
not  intermediate  as  are  the  true  capillaries.  These  vessels 
have  been  called  sinusoids  by  Minot.  They  are  formed 
by  colimins  of  cells  or  trabeculse  pushing  their  way  into  a 
large  bloodvessel  or  blood  space  and  carrjdng  its  endothe- 
lium before  them;  at  the  same  time  the  wall  of  the  vessel 
or  space  grows  out  between  the  cell  columns. 

Stmctnre  of  Veins.— The  veins,  like  the  arteries,  are  com- 
posed of  three  coats:  internal,  middle,  and  external;  and 
these  coats  are,  with  the  necessary  modifications,  analogous 
to  the  coats  of  the  arteries;  the  internal  being  the  endo- 
thelial, the  middle  the  muscular,  and  the  external  the 
cooQective  tissue  or  areolar  (Fig.  570).  The  main  differ- 
ence between  the  veiils  and  the  arteries  is  in  the  compara- 
tive weakness  of  the  middle  coat  in  the  former. 

In  the  smaUest  veins  the  three  coats  are  hardly  to  be  dis- 
tinguished (Fig.  567).  The  endothelium  is  supported  on  a 
membrane  separable  into  two  layers,  the  outer  of  which 
is  the  thicker,  and  consists  of  a  delicate,  nucleated  mem- 
brane {adveniilia),  while  the  inner  is  composed  of  a  network 
of  longitudinal  elastic  fibres  (media).  In  the  veins  next 
above  these  in  size  (0.4  mm.  in  diameter),  according  to 
KoUiker,  a  connective  tissue  layer  containing  numerous 
muscle  fibres  circularly  disposed  can  be  traced,  forming  the 

middle  coat,   while  the  elastic  and    connective    tissue   elements  of  the  outer  coat  become 
more  distinctly  perceptible.     In  the  middle-sized  veins   the  tjTpical  structure  of  these  vessels 
becomes  clear.    The  endothelium  is  of  the  same  character  as  in  the  arteries,   but  its  cells 
are  more  oval  and  less  fusiform.    It  is  supported  by  a  connective  tissue  layer,   consisting  of 
a  delicate  net-work  of  branched  cells,  and  external  to  this  is  a  layer  of  elastic  fibres  disposed 
in  the  form  of  a  net-work  in  place  of  the  definite  fenestrated  membrane  seen  in  the  arteries. 
This  constitutes  the  internal  coat.    The  middle  coat  is  composed  of  a  thick  layer  of  con- 
nective tissue  with  elastic  fibres,  intermixed,  in  some  veins,  with  a  transverse  layer  of  muscular 
tissue.    The  white  fibrous  element  is  in  considerable  excess,  and  the  elastic  fibres  are  in  much 
smaller  proportion  in  the  veins  than  in  the  arteries.    The  outer  coat  consists,  as  in  the  arteries, 
of  areolar  tissue,  with  longitudinal  Elastic  fibres.    In  the  largest  veins  the  outer  coat  is  from 
two  to  five  times  thicker  than  the  middle  coat,  and  contains  a  large  number  of  longitudinal 
muscular  fibres.    These  are  most  distinct  in  the  inferior  vena  cava,  especially  at  the  termination 
of  this  vein  in  the  heart,  in  the  trunks  of  the  hepatic  veins,  in  all  the  large  trunks  of  the  portal 
vein,  and  in  the  external  iliac,  renal,  and  azygos  veins.    In  the  renal  and  portal  veins  they  extend 
through  the  whole  thickness  of  the  outer  coat,  but  in  the  other  veins  mentioned  a  layer  of  con- 
nective and  elastic  tissue  is  found  external  to  the  muscular  fibres.    All  the  large  veins  which  open 
into  the  heart  are  covered  for  a  short  distance  with  a  layer  of  striped  muscular  tissue  continued 
on  to  them  from  the  heart.    Muscular  tissue  is  wanting:    (1)  in  the  veins  of  the  maternal  part 
of  the  placenta;  (2)  in  the  venous  sinuses  of  the  dura  mater  and  the  veins  of  the  pia  mater  of 
the  brain  and  medulla  spinalis;  (3)  in  the  veins  of  the  retina;  (4)  in  the  veins  of  the  cancellous 
tiBBue  of  bones;  (5)  in  the  venous  spaces  of  the  corpora  cavernosa.    The  veins  of  the  above-men- 
tioned parts  consist  of  an  internal  endothelial  lining  supported  on  one  or  more  layers  of  areolar 
tissue. 

Most  .veins  are  provided  with  valves  which  serve  to  prevent  the  reflux  of  the  blood.  Each 
vahe  is  formed  by  a  reduplication  of  the  inner  coat,  strengthened  by  connective  tissue  and  elastic 
fibres,  and  is  covered  on  both  surfaces  with  endothelium,  the  arrangement  of  which  differs  on 
the  two  surfaces.  On  the  surface  of  the  valve  next  the  wall  of  the  vein  the  cells  are  arranged 
transversely;  while  on  the  other  surface,  over  which  the  current  of  blood  flows,  the  cells  are 
arranged  longitudinally  in  the  direction  of  the  current.  Most  commonly  two  such  valves  are 
found  placed  opposite  one  another,  more  especially  in  the  smaller  veins  or  in  the  larger  trunks 
at  the  point  where  they  are  joined  by  smaller  branches;  occasionally  there  are  three  and  some- 
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times  only  one.  The  valves  are  semilunar.  They  are  attached  by  their  convex  edgea  to  the 
wall  of  the  vein;  the  concave  margins  are  Tree,  directed  in  the  course  of  the  venous  current,  and 
lie  in  close  apposition  with  the  wall  of  the  vein  as  long  as  the  current  of  blood  takes  its  natural 
course;  if,  however,  any  regurgitation  takes  place,  the  valves  become  distended,  their  opposed 
edges  are  brought  into  contact,  and  the  current  is  interrupted.  The  wall  of  the  vein  on  the 
cardiac  side  of  the  point  of  attachment  of  each  valve  is  expanded  into  a  pouch  or  sinus,  which 
gives  to  the  vessel,  when  injected  or  distended  with  blood,  a  knotted  appearance.  The  valves 
are  very  numerous  in  the  veins  at  the  extremities,  especially  of  the  lower  extremities,  these  vessels 
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having  to  conduct  the  blood  against  the  force  of  gravity.  They  are  absent  in  the  very  small 
veins,  i.  e.,  those  less  than  2  mm.  in  diameter,  also  in  the  vene  cave,  hepatic,  renal,  uterine,  and 
ovarian  veins.  A  few  valves  are  found  in  each  spermatic  vein,  and  one  also  at  its  point  of  junc- 
tion with  the  renal  vein  or  inferior  vena  cava  respectively.  The  cerebral  and  spinal  veins,  the 
veins  of  the  cancellated  tissue  of  bone,  the  pulmonary  veins,  and  the  umbilical  vein  and  its 
branches,  are  also  destitute  of  valves.  A  few  valves  are  occasionally  found  in  the  azygos  and 
intercostal  veins.  Rudimentary  valves  are  found  in  the  tributaries  of  the  portal  venous  system. 
The  veins,  like  the  arteries,  are  supphed  with  nutrient  vessels,  TUft  TUOnun.  Nerves  also 
are  distributed  to  them  in  the  same  manner  as  to  the  arteries,  but  in  much  less  abundance. 


THE  THORACIC  CATITT. 

The  heart  and  lungs  are  situated  in  the  thorax,  the  walls  of  which  afford  them 
protection.  The  heart  lies  between  the  two  lungs,  and  Is  enclosed  within  a.fibrous 
bag,  the  pericardiiim,  while  each  lung  is  invested  by  a  serous  membrane,  the  planrft. 
The  skeleton  of  the  thorax,  and  the  shape  and  boundaries  of  the  cavity,  have  already 
been  described  {page  216). 

The  Cavity  of  the  Thorax. — The  capacity  of  the  cavity  of  the  thorax  does  not 
correspond  with  its  apparent  size  externally,  because  (!)  the  space  enclosed  by 
the  lower  ribs  is  occupied  by  some  of  the  abdominal  viscera;  and  (2)  the  cavity 
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extends  above  the  anterior  parts  of  the  first  ribs  into  the  neck.  The  size  of  the 
thoracic  cavity  is  constantly  varying  during  life  with  the  movements  of  the  ribs 
and  Diaphragma,  and  with  the  degree  of  distention  of  the  abdominal  viscera. 
From  the  collapsed  state  of  the  lungs  as  seen  when  the  thorax  is  opened  in  the  dead 
body,  it  would  appear  as  if  the  viscera  only  partly  filled  the  cavity,  but  during 
life  there  is  no  vacant  space,  that  which  is  seen  after  death  being  filled  up  by  the 
expanded  lungs. 

The  Upper  Opening  of  the  Thorax. — ^The  parts  which  pass  through  the  upper 
opening  of  the  thorax  are,  from  before  backward,  in  or  near  the  middle  line,  the 
Sternohyoideus  and  Sternothyreoideus  muscles,  the  remains  of  the  thymus,  the 
inferior  thyroid  veins,  the  trachea,  oesophagus,  thoracic  duct,  and  the  Longus 
colU  muscles;  at  the  sides,  the  innominate  artery,  the  left  common  carotid,  left 
subclavian  and  internal  mammary  arteries  and  the  costocervical  trunks,  the 
innominate  veins,  the  vagus,  cardiac,  phrenic,  and  sympathetic  nerves,  the  greater 
parts  of  the  anterior  divisions  of  the  first  thoracic  nerves,  and  the  recurrent  nerve 
of  the  left  side.  The  apex  of  each  lung,  covered  by  the  pleura,  also  projects 
through  this  aperture,  a  little  above  the  level  of  the  sternal  end  of  the  first  rib. 

The  Lower  Opening  of  the  Thorax. — The  lower  opening  of  the  thorax  is  wider 
transversely  than  from  before  backward.  It  slopes  obliquely  downward  and  back- 
ward, so  that  the  thoracic  cavity  is  much  deeper  behind  than  in  front.  The  Dia- 
phragma  (see  page  493)  closes  the  opening  and  forms  the  floor  of  the  thorax.  The 
floor  is  flatter  at  the  centre  than  at  the  sides,  and  higher  on  the  right  side  than  on 
the  left;  in  the  dead  body  the  right  side  reaches  the  level  of  the  upper  border  of 
the  fifth  costal  cartilage,  while  the  left  extends  only  to  the  corresponding  part 
of  the  sixth  costal  cartilage.  From  the  highest  point  on  each  side  the  floor  slopes 
suddenly  downward  to  the  costal  and  vertebral  attachments  of  the  Diaphragma; 
this  slope  is  more  marked  behind  than  in  front,  so  that  only. a  narrow  space  is  left 
between  the  Diaphragma  and  the  posterior  wall  of  the  thorax. 


THE  PERICARDIUM. 

The  pericardium  (Fig.  671)  is  a  conical  fibro-serous  sac,  in  which  the  heart  and 
the  roots  of  the  great  vessels  are  contained.  It  is  placed  behind  the  sternum  and 
the  cartilages  of  the  third,  fourth,  fifth,  sixth,  and  seventh  ribs  of  the  left  side, 
in  the  mediastinal  cavity. 

In  front,  it  is  separated  from  the  anterior  wall  of  the  thorax,  in  the  greater  part 
of  its  extent,  by  the  lungs  and  pleurae;  but  a  small  area,  somewhat  variable  in  size, 
and  usually  corresponding  with  the  left  half  of  the  lower  portion  of  the  body  of 
the  sternum  and  the  medial  ends  of  the  cartilages  of  the  fourth  and  fifth  ribs  of 
the  left  side,  comes  into  direct  relationship  w4th  the  chest  wall.  The  lower  extrem- 
ity of  the  thjrinus,  in  the  child,  is  in  contact  with  the  front  of  the  upper  part  of 
the  pericardium.  Behind,  it  rests  upon  the  bronchi,  the  oesophagus,  the  descending 
thoracic  aorta,  and  the  posterior  part  of  the  mediastinal  surface  of  each  lung. 
Laterally,  it  is  covered  by  the  pleurse,  and  is  in  relation  with  the  mediastinal  sur- 
faces of  the  lungs;  the  phrenic  nerve,  with  its  accompanying  vessels,  descends 
between  the  pericardium  and  pleura  on  either  side. 

Strnettire  of  the  Pericardiiiin. — Although  the  pericardium  is  usually  described  as  a  single  sac, 
an  examination  of  its  structure  shows  that  it  consists  essentially  of  two  sacs  intimately  connected 
with  one  another,  but  totally  different  in  structure.  The  outer  sac,  known  as  the  fibrous  peri- 
canhnm,  consists  of  fibrous  tissue.  The  inner  sac,  or  serous  pericardium,  is  a  delicate  mem- 
brane which  lies  within  the  fibrous  sac  and  lines  its  walls;  it  is  composed  of  a  single  layer  of 
flattened  cells  resting  on  loose  connective  tissue.  The  heart  invaginates  the  wall  of  the  serous 
sac  from  above  and  behind,  and  practically  obliterates  its  cavity,  the  space  being  a  potential 
one,  except  in  front,  where  a  small  interspace  exists  below  the  apex  of  the  heart. 
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The  SbrouB  poricudium  forms  a  flask-shaped  boR,  the  neck  of  which  is  closed  by  its  fusion 

with  the  external  ooaXs  of  the  ureat  vessels,  while  its  base  ia  attached  to  the  central  tendon  and 
to  the  nuiHcuUr  fibres  of  the  left  side  of  the  Diaphratcma.  In  some  of  the  \owa  mammalB  the 
base  is  either  completely  separated  from  the  Diaphra^ma  or  joined  to  it  by  some  loose  areolar 
tisane;  in  man  much  of  its  diaphragmatic  attachment  consists  of  loose  fibrous  tissue  which  can 
be  readily  broken  down,  but  over  a  amall  area  the  central  tendon  of  the  Diaphragma  and  the 
pericardium  are  completely  fused.  Above,  the  fibrous  pericardium  not  only  blends  with  the 
external  coats  of  the  Rreat  vessels,  but  is  continuous  with  the  pretracheal  layer  of  the  deep  co^cal 
faecia.  By  means  of  these  upper  and  lower  connections  it  is  aecuiely  anchored  within  the  thoracic 
cavity.  It  is  also  attached  to  the  posterior  surface  of  the  sternum  by  the  aaperiOF  and  infttior 
itonuVOiiMnUac  lifanwnts;  the  upper  passing  to  the  manubrium,  and  the  lower  to  the  xiphoid 
process.    On  either  side  of  the  ascendinR  aorta  it  sends  upward  a  diverticulum;  that  on  the  left 

R,  common  carotid  a. 


aide,  somewhat  conical  in  shape,  pasHos  between  the  arch  of  the  aorta  and  the  pulmonary  artery, 
toward  the  ligamentuni  arteriosum,  where  it  ends  in  a  cecal  extremity  which  is  attached  by  loose 
connective  tissue  to  the  ligament;  that  on  the  right  side  passes  between  the  ascending  aorta  and 
superior  vena  cava,  and  also  trnAs  in  a  blind  extremity. 

The  vessels  receiving  librous  prolongalions  from  this  membrane  are:  the  aorta,  the  superior 
vena  cava,  the  right  and  left  pulmonary*  arteries,  and  the  four  pulmonuy  veins.  The  infmor 
vena  cava  enters  the  pericantium  through  the  central  tendon  of  the  Diaphragma,  and  reccivM 
no  covering  from  the  fibrous  layer. 
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The  serouB  peiicardiiim  is,  as  already  stated,  a  closed  sac  which  lines  the  fibrous  pericardium 
and  is  invaginated  by  the  heart;  it  therefore  consists  of  a  visceral  and  a  iNuietal  portion.  The 
visceral  portion,  or  ainc&rdiiiin,  covers  the  heart  and  the  great  vessels,  and  from  the  latter  is 
continuous  with  the  parietal  layer  which  lines  the  fibrous  pericardium.  The  portion  which 
covers  the  vessels  is  arranged  in  the  form  of  two  tubes.  The  aorta  and  pulmonary  artery  are 
enclosed  in  one  tube,  the  arterial  mesocardiiiin.  The  superior  and  inferior  veme  cavse  and  the 
four  pulmonary  veins  are  enclosed  in  a  second  tube,  the  yenoiui  mesocardiuin,  the  attachment 
of  which  to  the  parietal  layer  presents  the  shape  of  an  inverted  U.  The  cul-de-sac  enclosed  between 
the  limbs  of  the  11  lies  behind  the  left  atrium  and  is  known  as  the  oblique  sinus,  while  the  passage 
between  the  venous  and  arterial  mesocardia — i.  e.,  between  the  aorta  and  pulmonary  artery  in 
front  and  the  atria  behind — is  termed  the  transverse  sinus. 

The  Ligament  of  the  Left  Vena  Cava. — Between  the  left  pulmonary  artery  and  subjacent 
pulmonary  vein  is  a  triangular  fold  of  the  serous  pericardium;  it  is  known  as  the  ligament  of  the 
left  vena  cava  {vestigial  fold  of  Marshall).  It  is  formed  by  the  dupUcature  of  the  serous  layer 
over  the  remnant  of  the  lower  part  of  the  left  superior  vena  cava  (duct  of  Cuvier),  which  becomes 
obliterated  during  fetal  hfe,  and  remains  as  a  fibrous  band  stretching  from  the  highest  left  inter- 
costal vein  to  the  left  atrium,  where  it  is  continuous  with  a  small  vein,  the  vein  of  the  left  atrium 
{oblique  vein  of  Marshall)  j  which  opens  into  the  coronary  sinus. 

The  arteries  of  the  pericardium  are  derived  from  the  internal  mammary  and  its  musculo- 
phrenic branch,  and  from  the  descending  thoracic  aorta. 

The  nerves  of  the  percardium  are  derived  from  the  vagus  and  phrenic  nerves,  and  the  sympa- 
thetic trunks. 

Applied  Anatomy. — Effusion  of  fluid  into  the  pericardial  sac  often  occurs  in  acute  rheumatism 
or  pneumonia,  or  in  patients  with  chronic  vascular  and  renal  disease,  embarrassing  the  heart's 
action  and  giving  rise  to  signs  of  cardiac  distress,  such  as  pallor,  a  rapid  and  feeble  pulse,  dyspnoea, 
and  restlessness.  On  examination,  the  apical  cardiac  impulse  is  absent,  or  replaced  by  a  more 
extensive  indefinite  and  wavering  pulsation;  it  may  appear  to  be  in  the  second,  third,  or  fourth 
left  space,  and  is  then  not  an  apex  impulse,  as  Potain  has  stated,  but  due  to  the  impact  of  some 
portion  of  the  heart  wall  nearer  its  base.  In  children  the  precordial  intercostal  spaces  may  bulge 
outward.  The  most  striking  sign,  however,  is  the  great  increase  in  all  directions  of  the  precordial 
duln^s  on  percussion.  This  becomes  pear-shaped,  the  stalk  of  the  pear  reaching  up  to  about  the 
left  sternoclavicular  articulation;  the  dulness  also  extends  some  distance  to  the  right  of  the 
sternum,  particularly  in  the  fifth  interspace  (Rotch).  The  fluid  collects  mainly  on  either  side 
of  the  heart,  and  below  it,  especially  on  the  left  side,  where  the  Diaphragma  can  yield  more 
readily  to  pressure  than  it  can  on  the  right.  Ewart  has  drawn  attention  to  the  presence  of  a 
square  patch  of  dulness  over  the  base  of  the  left  lung  behind,  reaching  up  to  the  level  of  the 
ninth  or  tenth  rib,  and  extending  laterally  as  far  as  the  inferior  angle  of  the  scapula;  the  under- 
lying lung  tissue  gives  the  physical  signs  of  compression  or  collapse. 

Paracentesis  of  the  pericardium  is  often  required  to  relieve  the  urgent  cardiac  or  respiratory 
distress  in  these  cases,  and  should  be  performed  without  hesitation  and  before  the  patient  is 
in  extremis.  It  may  also  be  required  when  the  pericardium  is  filled  with  blood  or  pus,  and  as  it 
is  advisable  to  perform  this  operation  without  transfixing  the  pleura,  the  puncture  should  be  made 
dth^  in  the  fifth  or  sixth  intercostal  space  on  the  left  side  and  close  to  the  sternum,  so  as  to 
avoid  wounding  the  internal  mammary  artery,  which  descends  about  1.25  cm.  from  the  sternal 
margin;  or  the  needle  may  be  entered  at  the  left  costoxiphoid  angle  and  made  to  pass  upward 
and  backward  behind  the  lower  end  of  the  body  of  the  sternum  into  the  pericardial  sac.  Cursch- 
mann,^  however,  argues  that  the  heart  itself  necessarily  lies  almost  in  contact  with  the  anterior 
wall  of  the  thorax  even  in  cases  of  the  largest  pericardial  effusion,  so  that  there  is  risk  of  piercing 
it  if  the  puncture  is  made  in  the  fourth  or  fifth  left  intercostal  space  within  even  so  much  as  5 
to  8  cm.  of  the  sternal  margin.  He  therefore  advises  that  in  moderately  large  pericardial  eflfusions 
the  trocar  should  be  inserted  in  the  left  mamillary  line,  or  lateral  to  it  if  the  effusion  is  very  large, 
in  the  fifth  or  sixth  interspace.  In  consequence  of  the  uncertain  and  varying  position  of  the 
anterior  reflexion  of  the  pleura,  transfixion  of  the  pleural  sac  cannot  always  be  avoided.  Peri- 
cardiotomy is  required  when  the  effusion  is  of  a  piirulent  nature.  In  this  operation  a  portion  of 
the  fifth  or  sixth  costal  cartilage  is  excised.  An  incision  is  made  along  the  left  border  of  the 
sternum  from  the  upper  border  of  the  fourth  cartilage  to  the  seventh.  The  fifth  costal  cartilage 
is  now  separated  from  the  sternum  by  means  of  a  gouge,  great  care  being  taken  not  to  let  the 
instrument  slip  and  penetrate  too  deeply.  The  cartilage  is  then  seized  with  lion  forceps  and 
raised,  the  tissues  beneath  it  being  peeled  off,  so  as  to  avoid  wounding  the  internal  mammary 
artery  or  the  pleura.  The  Transversus  thoracis  is  now  scratched  through,  with  a  director  or  the 
nail  of  the  index  finger,  close  to  the  sternum,  and  the  pericardium  felt  for  and  opened,  the  finger 
guarding  the  pleura  and  left  internal  mammary  artery. 

*  Therapie  der  Gexenwart,  1905. 


THE  HEAKT  (COB). 

The  heart  is  a  hollow  muscular  organ  of  a  some^'hat  conical  form;  it  lies  between 
the  lungs  in  the  middle' mediastinum  and  is  enclosed  in  the  pericardium  (Fig.  572). 
It  is  placed  obliquely  in  the  chest  behind  the  body  of  the  sterijura  and  adjoining 
parts  of  the  rib  cartilages,  and  projects  farther  into  the  left  than  into  the  right 
half  of  the  thoracic  cavity,  so  that  about  one-third  of  it  is  situated  on  the  right 
and  two-thirds  on  the  left  of  the  median  plane. 

Size. — The  heart,  in  the  adult,  measures  about  12  cm,  in  length,  8  to  9  cm.  in 
breadth  at  the  broadest  part,  and  6  cm.  in  thickness.  Its  weight,  in  the  male, 
varies  from  280  to  340  grams;  in  the  female,  from  230  to  280  grams.  The  heart 
continues  to  increase  in  weight  and  size  up  to  an  advanced  period  of  life:  this 
nore  marked  in  men  than  in  women. 


Component  Parts.— As  has  already  been  state*!  (page  5!>o),  the  heart  is  sub- 
divided by  septa  into  right  and  left  halves,  and  a  constriction  subdivides  each 
half  of  the  organ  into  two  ca\'itics,  the  upper  cavity  being  culled  the  atrium,  the 
lower  the  ventricle.  The  heart  therefore  consists  of  four  chambers,  viz.,  right  and 
left  atria,  and  right  and  left  ventricles. 

The  division  of  the  heart  into  four  cavities  is  indicated  on  its  surface  by  grooves. 
The  atria  are  separated  from  the  ventricles  hy  the  coronary  sulcus  {auricvlo- 
efntriciilar  gronce);  this  contains  the  trunks  of  the  nutrient  vessels  of  the  heart, 
and  is  deficient  in  fr<mt,  where  it  is  crosse<l  hy  the  root  of  the  pulmonary  arter>'. 
The  Interatrial  ktooto,  s<^'|>arating  the  two  atria,  is  scarcelj'  marked  on  the  posterior 
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surface,  while  anteriorly  it  is  hidden  by  the  pulmonary  artery  and  aorta.  The 
ventricles  are  separated  by  two  grooves,  one  of  which,  the  anterioi  lonfitudinal 
sulcus,  is  situated  on  the  sternocostal  surface  of  the  heart,  close  to  its  left  margin, 
the  other  posterior  lonKitadioat  salens,  on  the  diaphragmatic  surface  near  the  right 
mar^n;  these  grooves  extend  from  the  base  of  the  ventricular  portion  to  a  notch, 
the  incLBtna  &plcla  cordis,  on  the  acute  margin  of  the  heart  just  to  the  right  of  the 
apex. 

The  base  {hasU  cordis)  (Fig.  573),  directed  upward,  backward,  and  to  the  right, 
is  separated  from  the  fifth,  sixth,  seventh,  and  eighth  thoracic  vertebrte  by  the 
cesophagus,  aorta,  and  thoracic  duct.  It  is  formed  mainly  by  the  left  atrium, 
and,  to  a  small  extent,  by  the  back  part  of  the  right  atrium.  Somewhat  quadri- 
lateral in  form,  it  is  in  relation  above  with  the  bifurcation  of  the  pulmonary  artery, 
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Fio.  573— Bus  anddispUtosmatir:  eurlace  of  heart. 

and  is  bounded  below  by  the  posterior  part  of  the  coronary  sulcus,  containing  the 
coronary  sinus.  On  the  right  it  is  limited  by  the  sulcus  terminalis  of  the  right 
atrium,  and  on  the  left  by  the  ligament  of  the  left  vena  cava  and  the  oblique  vein 
of  the  left  atrium.  The  four  pulmonary  veins,  two  on  either  side,  open  into  the 
left  atrium,  while  the  superior  vena  cava  opens  into  the  upper,  and  the  anterior 
vena  cava  into  the  lower,  part  of  the  right  atrium. 

The  Apex  {apex  cordis). — -The  apex  is  directed  downward,  forward,  and  to  the 
left,  and  is  overlapped  by  the  left  lung  and  pleura:  it  lies  behind  the  fifth  left 
intercostal  space,  8  to  9  cm,  from  the  mid-sternal  line,  or  about  4  cm.  below  and 
2  mm.  to  the  medial  side  of  the  left  mammary  papilla. 

The  sternocostal  surface  (Fig.  574}  is  directed  forward,  upward,  and  to  the  left. 
Its  lower  part  is  convex,  formed  chiefly  by  the  right  ventricle,  and  traversed  near 
its  left  margin  by  the  anterior  longitudinal  sulcus.    Its.  upper  part  is  separated  from 
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THE  HEABT  (COR). 

The  heut  is  a  hollow  muscular  organ  of  a  somewhat  conical  form;  it  lies  between 
the  lungs  in  the  middlemediastinum  and  is  enclosed  in  the  pericardium  (Fig.  572). 
It  is  placed  obliquely  in  the  chest  behind  the  body  of  the  sterpum  and  adjoining 
parts  of  the  rib  cartilages,  and  projects  farther  into  the  left  than  into  the  right 
half  of  the  thoracic  cavity,  so  that  about  one-third  of  it  is  situated  on  the  right 
and  two-thirds  on  the  left  of  the  median  plane. 

Size. — ^The  heart,  in  the  adult,  measures  about  12  em.  in  length,  8  to  9  cm.  in 
breadth  at  the  broadest  part,  and  6  cm.  in  thickness.  Its  weight,  in  the  male, 
varies  from  280  to  340  grams;  in  the  female,  from  230  to  280  grams.  The  heart 
continues  to  increase  in  weight  and  size  up  to  an  advanced  period  of  life:  this 
increase  is  more  marked  in  men  than  in  v 


Fio.  572.— Front  tiew  of  heart  nnd  lunca. 

Component  Farts. — As  has  already  been  stated  (page  595),  the  heart  is  sub- 
divided by  septa  into  right  and  left  halves,  and  a  constriction  subdivides  each 
half  of  the  organ  into  two  cavities,  the  upper  cavity  being  called  the  atrinm,  the 
lower  the  Teotricle.  The  heart  therefore  consists  of  four  chambers,  viz.,  right  and 
left  atria,  and  right  and  left  ventricles. 

The  di\'ision  of  the  heart  into  four  cavities  is  indicated  on  its  surface  by  grooves. 
The  atria  are  separated  from  the  NCTitricles  by  the  coronary  sulcus  (avnculo- 
ventriciilar  groove);  this  contains  the  trunks  of  the  nutrient  vessels  of  the  heart, 
and  is  deficient  in  front,  where  it  is  crossed  by  the  root  of  the  pulmonary  artery. 
The  interatrial  gmtva,  separating  the  two  atria,  is  scarcely  marked  on  the  posterior 
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surface,  while  anteriorly  it  is  hidden  by  the  pulmonary  artery  and  aorta.  The 
ventricles  are  separated  by  two  grooves,  one  of  which,  the  anterior  lonfitudinal 
snlcuB,  is  situated  on  the  sternocostal  surface  of  the  heart,  close  to  its  left  margin, 
the  other  posteiior  Inigitudinal  salens,  on  the  diaphragmatic  surface  near  the  right 
margin;  these  grooves  extend  from  the  base  of  the  ventricular  portion  to  a  notch, 
the  ineisora  apicis  cordis,  on  the  acute  margin  of  the  heart  just  to  the  right  of  the 
apex. 

The  base  (basis  cordis)  (Fig,  573),  directed  upward,  backward,  and  to  the  right, 
is  separated  from  the  fifth,  sixth,  seventh,  and  eighth  thoracic  vertebrae  by  the 
(Esophagus,  aorta,  and  thoracic  duct.  It  is  formed  mainly  by  the  left  atrium, 
and,  to  a  small  extent,  by  the  back  part  of  the  right  atrium.  Somewhat  quadri- 
lateral in  form,  it  is  in  relation  above  with  the  bifurcation  of  the  pulmonary  artery, 

Aa/gos  vtin 


Right  pulmonary 


OUiqiLevtinoJ 

Ortat  cardiac 


and  is  bounded  below  by  the  posterior  part  of  the  coronarj'  sulcus,  containing  the 
coronan'  sinus.  On  the  right  it  is  limited  by  the  sulcus  terminalis  of  the  right 
atrium,  and  on  the  left  by  the  ligament  of  the  left  vena  cava  and  the  oblique  vein 
of  tlie  left  atrium.  The  four  pulmonary  veins,  two  on  either  side,  open  into  the 
wft  atrium,  while  the  superior  vena  cava  opens  into  the  upper,  and  the  anterior 
''^nacava  into  the  lower,  part  of  the  right  atrium. 

Tin  Apex  {a^ex  cordis). — The  apex  is  directed  downward,  forward,  and  to  the 
left,  and  is  overlapped  by  the  left  lung  and  pleura:  it  lies  behind  the  fifth  left 
intercostal  space,  8  to  9  cm.  from  the  mid-sternal  line,  or  about  4  cm.  below  and 
^ouD.  to  the  medial  side  of  the  left  mammary  papilla. 

The  sternocostal  snitaco  (Fig.  574)  is  directed  forward,  upward,  and  to  the  left. 
Its  lower  part  is  convex,  formed  chiefly  by  the  right  ventricle,  and  traversed  near 
its  left  margin  by  the  anterior  longitudinal  sulcus.    Its.  upper  part  is  separated  from 
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the  lower  by  the  coronary  sulcus,  and  is  formed  by  the  atria;  it  presents  a  deep 
concavity  (Fig.  576),  occupied  by  the  ascending  aorta  and  the  pulmonary  arterj'. 

The  diaphrapnatic  surface  (Fig.  573),  directed  downward  and  slightly  backward, 
is  formed  by  the  ventricles,  and  rests  upon  the  central  tendon  and  a  small  part  of 
the  left  muscular  portion  of  the  Diaphragma.  It  is  separated  from  the  base  by 
the  posterior  part  of  the  coronary  sulcus,  and  is  traversed  obliquely  by  the  posterior 
longitudinal  sulcus. 

The  riKht  margin  of  the  heart  is  long,  and  is  formed  by  the  right  atrium  above 
and  the  right  ventricle  below.  The  atrial  portion  is  rounded  and  almost  vertical; 
it  is  situated  behind  the  third,  fourth,  and  fifth  right  costal  cartilages  about  1.25 
cm.  from  the  margin  of  the  sternum.  The  ventricular  portion,  thin  and  sharp, 
is  named  the  acute  maigin;  it  is  nearly-  horizontal,  and  extends  from  the  sternal 
end  of  the  sixth  right  costal  cartilage  to  the  apex  of  the  heart.  r 

The  left  or  obtuse  maigm  is  shorter,  full,  and  rounded:  it  is  formed  mainly  by    ' 
the  left  ventricle,  but  to  a  slight  extent,  above,  by  the  left  atrium.    It  extends   ■ 
from  a  point  in  the  second  left  intercostal  space,  about  2.5  mm.  from  the  sternal 
margin,  obliquely  downward,  with  a  convexity  to  the  left,  to  the  apex  of  the  heart. 


Fia,  571,— Sleraocmitiil  Burlarq  of  honrt. 

Bight  Atritun  {atmim  dextriim;  right  auricle).— The  right  atnum  is  larger  than 
the  left,  but  its  walls  are  somewhat  thinner,  measuring  about  2  mm. ;  its  cavity 
is  capable  of  containing  about  57c.c.  It  consists  of  two  parts:  a  principal  cavity, 
or  sinus  venarom,  situated  posteriorly,  and  an  anterior,  smaller  portion,  the  aniictila. 

Sinus  Tenanun  [muts  venoaiis). — The  sinus  \-enarum  is  the  large  quadrangular 
cavity  placed  between  the  two  vense  cavse.  Its  walls,  which  are  extremely  thin, 
are  connected  below  with  the  right  ventricle,  and  medially  with  the  left  atrium, 
but  are  free  in  the  rest  of  their  extent. 

Auricula  (auricula  dcxtra;  right  auricular  appendix). — The  auricula  is  a  small 
conical  muscular  pouch,  the  margins  of  which  present  a  dentated  edge.  It  projects 
from  the  upper  and  front  part  of  the  sinus  forw^ard  and  toward  the  left  side,  over- 
lapping the  root  of  the  aorta. 
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The  separation  of  the  auricula  from  the  sinus  venarum  is  indicated  externally 
by  a  groove,  the  terminal  Bolctu,  which  extends  from  the  front  of  the  superior  vena 
cava  to  the  front  of  the  inferior  vena  cava,  and  represents  the  line  of  union  of  the 
sinus  venosus  of  the  embryo  with  the  primitive  atrium.  On  the  inner  wall  of  the 
atrium  the  separation  is  marked  by  a  vertical,  smooth,  muscular  ridge,  the  tenninal 
ciest.  Behind  the  crest  the  internal  surface  of  the  atrium  is  smooth,  while  in  front 
of  it  the  muscular  fibres  of  the  wall  are  raised  into  parallel  ridges  resembling  the 
teeth  of  a  comb,  and  bence  named  the  mttsenli  peetinati. 

DiUKtum. — -To  examine  the  interior  of  the  auricula,  an  incision  should  be  made  along  its  right 
border  from  the  entrance  of  the  aiiperior  vena  oava  to  that  of  the  inferior  vena  cava.  A  second 
cut  is  to  be  made  from  the  centre  of  the  first  incision  to  the  tip  of  the  auricula  dextra,  and  the 
flap  raised. 

Pulmonari/  vaive 


Limtnu  fotam  o 
Owning  of  euro 


Its  interior  (Fig,  575)  presents  the  following  parts  for  examination ; 
[Superior  vena  cava. 
Inferior  vena  cava. 
Openings  \  Coronary  sinus.  Valves     \  ^'^'^'^  '^^  ^^^  inferior  vena  ca^ 

]  Foramina  venarum  I  Valve  of  the  coronary  sinus. 


Fossa  oval  is. 
Limbus  fossae  ovalis. 
Intervenous  tubercle. 
Musculi  pectinati. 
Crista  terminalis. 
,     _  i»  cava  returns  the  blood  from  the  upper  half  of  the  body,  and 

opens  mto  the  upper  and  bactc  part  of  the  atriulh,  the  direction  of  its  orifice  being 
^^'^'"^  and  forward.    Its  opening  has  no  valve. 
T^^  biferior  vena  cava,  larger  than  the  superior,  returns  the  blood  from  the 
lo^ei  halt  of  the  body,  and  opens  into  the  lowest  part  of  the  atrium,  near  the 
atn&l  septum,  its  orifice  being  directed  upward  and  backward,  and  guarded  by 
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a  rudimentary  valve,  the  yalve  of  the  inferior  vena  cava  (Eii8t(ichi  an  vcdte).  The 
blood  entering  the  atrium  through  the  superior  vena  cava  is  directed  downward 
and  forward,  i.  e.,  toward  the  atrioventricular  orifice,  while  that  entering  through 
the  inferior  vena  cava  is  directed  upward  and  backward,  toward  the  atrial  septum. 
This  is  the  normal  direction  of  the  two  currents  in  fetal  life. 

The  coronary  sinus  opens  into  the  atrium,  between  the  orifice  of  the  inferior 
vena  cava  and  the  atrioventricular  opening.  It  returns  blood  from  the  substance 
of  the  heart  and  is  protected  by  a  semicircular  valve,  the  yalve  of  the  coronary 
sinus  {valve  of  Thebesitts), 

The  foramina  venarum  minimarom  (foramina  Thebesii)  are  the  orifices  of  minute 
veins  {venae  cordis  minimae),  which  return  blood  directly  from  the  muscular  sub- 
stance of  the  heart. 

The  atrioventricular  opening  {tricuspid  orifice)  is  the  large  oval  aperture  of  com- 
munication between  the  atrium  and  the  ventricle;  it  will  be  described  with  the 
right  ventricle. 

The  yalve  of  the  inferior  vena  cava  {valvula  venae  cavas  inferioris  [Etistachit]; 
EiLstachian  valve)  is  situated  in  front  of  the  orifice  of  the  inferior  vena  cava.  It 
is  semilunar  in  form,  its  convex  margin  being  attached  to  the  anterior  margin 
of  the  orifice;  its  concave  margin,  which  is  free,  ends  in  two  cornua,  of  which 
the  left  is  continuous  with  the  anterior  edge  of  the  limbus  fossae  ovalis  while 
the  right  is  lost  on  the  wall  of  the  atrium.  The  valve  is  formed  by  a  duplicature 
of  the  lining  membrane  of  the  atrkun,  containing  a  few  muscular  fibres.  In  the 
fetiLS  this  valve  is  of  large  size,  and  serves  to  direct  the  blood  from  the  inferior 
vena  cava,  through  the  foramen  ovale,  into  the  left  atrium.  In  the  aduU  it  occa- 
sionally persists,  and  may  assist  in  preventing  the  reflux  of  blood  into  the  inferior 
vena  cava;  more  commonly  it  is  small,  and  may  present  a  cribriform  or  filamentous 
appearance;  sometimes  it  is  altogether  wanting. 

The  yalve  of  the  coronary  sinus  {valvula  sinus  coronarii  [Thebesii];  Thebesian 
valve)  is  a  semicircular  fold  of  the  lining  membrane  of  the  atrium,  at  the  orifice  of 
the  coronary  sinus.  It  prevents  the  regurgitation  of  blood  into  the  sinus  during  the 
contraction  of  the  atrium.    This  valve  may  be  double  or  it  may  be  cribriform. 

The  fossa  ovalis  is  an  oval  depression  on  the  septal  wall  of  the  atrium,  and  corre- 
sponds to  the  situation  of  the  foramen  ovale  in  the  fetus.  It  is  situated  at  the  lower 
part  of  the  septum,  above  and  to  the  left  of  the  orifice  of  the  inferior  vena  cava. 

The  limbus  fossae  ovalis  {annulus  ovalis)  is  the  prominent  oval  margin  of  the  fossa 
ovalis.  It  is  most  distinct  above  and  at  the  sides  of  the  fossa;  below,  it  is  deficient. 
A  small  slit-like  valvular  opening  is  occasionally  found,  at  the  upper  margin  of 
the  fossa,  leading  upward  beneath  the  limbus,  into  the  left  atrium;  it  is  the  remains 
of  the  fetal  aperture  between  the  two  atria. 

The  intervenoos  tubercle  {tuberculum  intervenosum;  tubercle  of  Lower)  is  a  small 
projection  on  the  posterior  wall  of  the  atrium,  above  the  fossa  ovalis.  It  is  distinct 
in  the  hearts  of  quadrupeds,  but  in  man  is  scarcely  visible.  It  was  supposed  by 
Lower  to  direct  the  blood  from  the  superior  vena  cava  toward  the  atrio- 
ventricular opening. 

Bight  Ventoicle  {ventriculu^  dexter). — The  right  ventricle  is  triangular  in  form, 
and  extends  from  the  right  atrium  to  near  the  apex  of  the  heart.  Its  antero- 
superior  surface  is  rounded  and  convex,  and  forms  the  larger  part  of  the  sterno- 
costal surface  of  the  heart.  Its  under  surface  is  flattened,  rests  upon  the  Dia- 
phragma,  and  forms  a  small  part  of  the  diaphragmatic  surface  of  the  heart.  Its 
posterior  wall  is  formed  by  the  ventricular  septum,  which  bulges  into  the  right 
ventricle,  so  that  a  transverse  section  of  the  cavity  presents  a  semilunar  outline. 
Its  upper  and  left  angle  forms  a  conical  pouch,  the  conus  arteriosus,  from  w^hich 
the  pulmonary  artery  arises.  A  tendinous  band,  which  may  be  named  the  tendon 
of  the  conus  arteriosus,  extends  upward  from  the  right  atrioventricular  fibrous 
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ring  and  connects  the  posterior  surface  of  the  conu3  arteriosus  to  the  aorta.  The 
wall  of  the  right  ventricle  is  thinner  than  that  of  the  left,  the  proportion  between 
them  being  as  1  to  3;  it  is  thickest  at  the  base,  and  gradually  becomes  thinner 
toward  the  apex.  The  cavity  equals  in  size  tfaat  of  the  left  ventricle,  and  is 
capable  of  containing  about  85  c.c. 


— To  examine  the  interior  of  the  right  ventricle,  its  anterior  wall  should  be  turned 
dowQW&rd  &nd  to  the  right  in  the  form  of  a  triangular  flap.  This  ia  accomplished  by  making  two 
inciaioDs:  (1)  from  the  pulmonary  artery  to  the  apex  of  the  ventricle  parallel  to,  but  a  little 
lo  the  right  of,  the  anterior  interatrial  groove;  (2)  another,  starting  from  the  upper  extremity, 
of  the  first  and  carried  outward  parallel  to,  but  a  little  below,  the  atrioventricular  groove,  care 
being  taken  not  to  injure  the  atrioventricular  opening. 

Its  interior  (Fig.  575)  presents  the  following  parts  for  examination'. 

j-L     ■  JRight  atrioventrieuiar.  ,,  .         (Tricuspid. 

^         ^        ™    'Pulmonary  artery.  (Pulmonary. 

Trabeculae  carneae.  Chordae  tendineae. 

The  ri(lit  atrioventriculaT  orifice  is  the  large  oval  aperture  of  communication 
between  the  right  atrium  and  ventricle.  Situated  at  the  base  of  the  ventricle, 
it  measures  about  4  cm.  in  diameter  and  is  surrounded  by  a  fibrous  ring,  covered 
by  the  lining  membrane  of  the  heart;  it  is  considerably  larger  than  the  correspond- 
ing aperture  on  the  left  aide,  being  sufficient  to  admit  the  ends  of  four  fingers 
It  is  guarded  by  the  tricuspid  valve. 


Lif!  jailuumarii  vrinx 

Fia.  S7e.— Henn  tvea  from  sbove.  Fia.  o77.— Buw  at  ventriclea  eipowd  by  nmavil 

o!  (he  Btris. 

The  opening  of  the  pnlmonary  artery  is  circular  in  form,  and  situated  at  the 
summit  of  the  conus  arteriosus,  close  to  the  ventricular  septum.  It  is  placed  above 
and  to  the  left  of  the  atrioventricular  opening,  and  is  guarded  by  the  pulmonarj- 
Kemilunar  valves. 

,  The  tncuspid  tbIto  {mlvula  tricu^pidalis)  (Figs.  575, 577)  consists  of  three  some- 
what triangular  cusps  or  segments.  The  largest  cusp  is  interposed  between  the 
atrioventricular  orifice  and  the  conus  arteriosus  and  is  termed  the  anterioror  infundib- 
ular cusp.  A  second,  the  posterior  or  marginal  cusp,  is  in  relation  to  the  right  margin 
of  the  ventricle,  and  a  third,  the  medial  or  septal  cusp,  to  the  ventricular  septum. 
They  are  formed  by  duplicatures  of  the  lining  membrane  of  the  heart,  strengthened 
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by  intervening  layers  of  fibrous  tissue:  their  central  parts  are  thick  and  strong, 
their  marginal  portions  thin  and  translucent,  and  in  the  angles  between  the  latter 
small  intermediate  segments  are  sometimes  seen.  Their  bases  are  attached  to  a 
fibrous  ring  surrounding  the  atrioventricular  orifice  and  are  also  joined  to  each  other 
so  as  to  form  a  continuous  annular  membrane,  while  their  apices  project  into  the 
ventricular  cavity.  Their  atrial  surfaces,  directed  toward  the  blood  current  from 
the  atrium,  are  smooth;  their  ventricular  surfaces,  directed  toward  the  wall  of  the 
ventricle,  are  rough  and  irregular,  and,  together  with  the  apices  and  margins  of 
the  cusps,  give  attachment  to  a  number  of  delicate  tendinous  cords,  the  chordae 
tendineae. 

The  trabeculae  carneae  (columnae  carneae)  are  rounded  or  irregular  muscular 
columns  which  project  from  the  whole  of  the  inner  surface  of  the  ventricle,  with 
the  exception  of  the  conus  arteriosus.  They  are  of  three  kinds:  some  are  attached 
along  their  entire  length  on  one  side  and  merely  form  prominent  ridges,  others 
are  fixed  at  their  extremities  but  free  in  the  middle,  while  a  third  set  {musculi 
papillares)  are  continuous  by  their  bases  with  the  wall  of  the  ventricle,  while  their 
apices  give  origin  to  the  chordae  tendineae  which  pass  to  be  attached  to  the  seg- 
ments of  the  tricuspid  valve.  There  are  two  papillary  muscles,  anterior  and  pos^ 
terior:  of  these,  the  anterior  is  the  larger,  and  its  chordae  tendineae  are  connected 
with  the  anterior  and  posterior  cusps  of  the  valve:  the  posterior  papillary  muscle 
sometimes  consists  of  two  or  three  parts;  its  chordae  tendineae  are  connected 
with  the  posterior  and  medial  cusps.  In  addition  to  these,  some  chordae  tendineae 
spring  directly  from  the  ventricular  septum,  or  from  small  papillary  eminences  on  it, 
and  pass  to  the  anterior  and  medial  cusps.  A  muscular  band,  well-marked  in  sheep 
and  some  other  animals,  frequently  extends  from  the  base  of  the  anterior  papillary 
muscle  to  the  ventricular  septum.  From  its  attachments  it  may  assist  in  preventing 
overdistension  of  the  ventricle,  and  so  has  been  n&med  the  moderator  band. 

The  pulmonary  semilunar  yalves  (Fig.  576)  are  three  in  number,  two  in  front 
and  one  behind,  formed  by  duplicatures  of  the  lining  membrane,  strengthened 
by  fibrous  tissue.  They  are  attached,  by  their  convex  margins,  to  the  wall  of  the 
artery,  at  its  junction  with  the  ventricle,  their  free  borders  being  directed  upward 
into  the  lumen  of  the  vessel.  The  free  and  attached  margins  of  each  are  strength- 
ened by  tendinous  fibres,  and  the  former  presents,  at  its  middle,  a  thickened  nodule 
{corpus  Arantii).  From  this  nodule  tendinous  fibres  radiate  through  the  segment 
to  its  attached  margin,  but  are  absent  from  two  narrow  crescentic  portions,  the 
lunulae,  placed  one  on  either  side  of  the  nodule  immediately  adjoining  the  free 
margin.  Between  the  semilunar  valves  and  the  wall  of  the  pulmonary  artery  are 
three  poaches  or  sinuses  {sirvuses  of  Valsalva), 

Dissection. — In  order  to  examine  the  interior  of  the  left  atrium,  make  an  incision  on  the  poe- 
terior  sm^ace  of  the  atrium  from  the  pulmonary  veins  on  one  side  to  those  on  the  other,  the 
incision  being  carried  a  little  way  into  the  vessels.  Make  another  incision  from  the  middle  of 
the  horizontal  one  to  the  auricula  sinistra. 

Left  Atrium  (atrium  sinistum;  left  auricle). — ^The  left  atrium  is  rather  smaller 
than  the  right,  but  its  walls  are  thicker,  measuring  about  3  mm.;  it  consists,  like 
the  right,  of  two  parts,  a  principal  cavity  and  an  auricula. 

The  principal  cavity  is  cuboidal  in  form,  and  concealed,  in  front,  by  the  pul- 
monary artery  and  aorta;  in  front  and  to  the  right  it  is  separated  from  the  right 
atrium  by  the  atrial  septum;  opening  into  it  on  either  side  are  the  two  pulmonary 
veins. 

Auricula  {auricula  sinistra;  left  auricular  appendix), — The  auricula  is  somewhat 
constricted  at  its  junction  with  the  principal  cavity;  it  is  longer,  narrower,  and  more 
curved  than  that  of  the  right  side,  and  its  margins  are  more  deeply  indented.  It 
is  directed  forward  and  toward  the  right  and  overlaps  the  root  of  the  pulmonary 
artery. 
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The  interior  of  the  left  atrium  {Fig.  578)  presents  the  following  parts  for 
examination : 

Openings  of  the  four  pulmonary  veins. 
Left  atrioventricular  opening. 
Musculi  pectinati. 

The  piiliiiiinui7  veins,  four  in  number,  open  into  the  upper  part  of  the  posterior 
surface  of  the  left  atrium — two  on  either  side  of  its  middle  line:  they  are  not 
provided  with  valves.    The  two  left  veins  frequently  end  by  a  common  opening. 

The  left  atriorentricalu  openinj;  is  the  aperture  between  the  left  atrium  and 
ventricle,  and  is  rather  smaller  than  the  corresponding  opening  on  the  right  side. 
The  muBcoli  pectinati,  fewer  and  smaller  than  in  the  right  auricula,  are  confined 
to  the  inner  surface  of  the  auricula. 

On  the  atrial  septum  may  be  seen  a  lunated  impression,  bounded  below  by  a 
citscentic  ridge,  the  concavity  of  which  is  turned  upward.  The  depression  is 
just  above  the  fossa  ovalis  of  the  right  atrium. 


DiiwetHm. — To  examine  the  interior  of  the  left  ventricle,  make  an  incision  a  little  to  thelleft 
o(  the  anterior  interatrial  groove  from  the  base  to  the  apex  of  the  heart,  and  cany  it  up  from 
thence,  a  little  to  the  left  of  the  posterior  interatrial  K^oove,  nearly  as  far  as  the  atrioventricular 

groove. 

Left  TeDtricle  {ventriculua  sinister) . — The  left  ventricle  is  longer  and  more  conical 
in  shape  than  the  right,  and  on  transverse  section  its  concavity  presents  an  oval 
or  nearly  circular  outline.  It  forms  a  small  part  of  the  sternocostal  surface  and  a 
considerable  part  of  the  diaphragmatic  surface  of  the  heart;  it  also  forms  the  apex 
o!  the  heart.   Its  walls  are  about  three  times  as  thick  as  those  of  the  right  ventricle. 

Its  interior  (Fig.  578)  presents  the  following  parts  for  examination: 

<^"'"8=  |Left  «triove„.ricul.r.  ^,^|^.^   (Bicuspid  or  Mitral. 

Trabeculae  carneae.  Chordae  tendineae. 
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The  left  fttrioTentricnlar  opemng  (mitral  orifice)  is  placed  below  and  to  the  left 
of  the  aortic  oriiice.  It  is  a  little  smaller  than  the  corresponding  aperture  of  the 
opposite  side,  admitting  only  two  fingers.  It  is  surrounded  by  a  dense  fibrous  ring, 
covered  by  the  lining  membrane  of  the  heart,  and  is  guarded  by  the  bicuspid  or 
mitral  valve. 

The  aortic  opening  is  a  circular  aperture,  in  front  and  to  the  right  of  the  atrio- 
ventricular, from  which  it  is  separated  by  the  anterior  cusp  of  the  bicuspid  valve. 
Its  orifice  is  guarded  by  the  aoitic  semilunar  valves.  The  portion  of  the  ventricle 
immediately  below  the  aortic  orifice  is  termed  the  aoitic  vestibule,  and  possesses 
fibrous  instead  of  muscular  walls. 

The  bicoapid  or  mitral  valve  (valvuta  bicuspidalis  \metTcdii])  (Figs.  577,  578)  is 
attached  to  the  circumference  of  the  left  atrioventricular  orifice  in  the  same  way 
that  the  tricuspid  valve  is  on  the  opposite  side.  It  consists  of  two  triangular  cusps, 
formed  by  duplicatures  of  the  lining  membrane,  strengthened  by  fibrous  tissue, 
and  containing  a  few  muscular  fibres.  The  cusps  are  of  unequal  size,  and  are  larger, 
thicker,  and  stronger  than  those  of  the  tricuspid  valve.  The  larger  cusp  is  placed 
in  front  and  to  the  right  between  the  atrioventricular  and  aortic  orifices,  and  is 
known  as  the  anterior  or  aortic  cusp;  the  smaller  or  posterior  cusp  is  placed  behind 
and  to  the  left  of  the  opening.  Two  smaller  cusps  are  usually'  found  at  the  angles 
of  junction  of  the  larger.  The  cusps  of  the  bicuspid  valve  are  furnished  with  chordae 
tendineae,  which  are  attached  in  a  manner  similar  to  those  on  the  right  side;  they 
are,  however,  thicker,  stronger,  and  less  numerous. 

Aortic  »inue    Left  post. 
Nodvlag  I         ™''*         .... 


The  aortic  semilunar  valves  (Figs.  576,  579)  are  three  in  number,  and  surround 
the  orifice  of  the  aorta;  two  are  posterior  (right  and  left)  and  one  anterior.  They 
are  similar  in  structure,  and  in  their  mode  of  attachment,  to  the  pulmonarj'  semi- 
lunar valves,  but  are  larger,  thicker,  and  stronger;  the  lunutae  are  more  distinct, 
and  the  noduli  or  corpora  Arantii  thicker  and  more  prominent.  Opposite  the  valves 
the  aorta  presents  slight  dilatations,  the  aortic  sinnaes  {nuimea  of  Valsalva),  which 
are  larger  than  those  at  the  origin  of  the  pulmonarj'  artery. 

The  trabecolae  cameae  are  of  three  kinds,  like  those  upon  the  right  side,  but 
they  are  more  numerous,  and  present  a  dense  interlacement,  especially  at  the 
apex,  and  upon  the  posterior  wall  of  the  ventricle.  The  muscnli  papiUares  are  two 
in  number,  one  being  connected  to  the  anterior,  the  other  to  the  posterior  wall; 
they  are  of  large  size,  and  end  in  rounded  extremities  from  which  the  chordae 
tendineae  arise.  The  chordae  tendineae  from  each  papillary  muscle  are  connected 
to  both  cusps  of  the  bicuspid  valve. 
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YmtiKMiBX  Sepbam  (septum  ventriculoTiim;  intenentriculaT  septum)  (Fig.  580). — 
The  ventricular  septum  is  directed  obliquely  backward  and  to  the  right,  and  is 
euned  with  the  convexitj-  toward  the  right  ventricle:  its  margins  correspond 
with  the  anterior  and  posterior  longitudinAl  sulci.  The  greater  portion  of  it  is 
thick  and  muscular  and  constitutes  the  muscular  Tentricolai  septum,  but  its  upper 
and  posterior  part,  which  separates  the  aortic  vestibule  from  the  lower  part  of 
the  right  atrium  and  upper  part  of  the  right  ventricle,  is  thin  and  fibrous,  and  is 
termed  the  membranoos  ventricular  septum.  An  abnormal  communication  may 
exist  between  the  ventricles  at  this  part  owing  to  defective  development  of  the 
membranous  septum. 

8tnictar0.^ — The  heart  consists  of  muscular  fibres,  and  of  tibrouB  rings  which  serve  for  their 
stUichment.  It  ia  covered  by  the  visceral  layer  of  the  serous  pericardiura  (epieafdinm),  and 
lined  by  the  andoCArdium.    Between  these  two  membranes  is  the  muscular  wall  or  mrocaidltun. 

The  endocArdinm  is  a  thin,  smooth  membrane  which  hnee  and  gives  the  glistening  appear- 
ance to  the  inner  surface  of  the  heart;  it  assists  in  forming  the  valves  by  its  reduplications,  and 
is  continuous  with  the  Ijning  membrane  of  the  large  bloodvessels.  It  consists  of  connective 
tissue  and  elastic  fibres,  and  is  attached  to  the  muscular  structure  by  loose  elastic  timue  which 
coDtains  bloodvessels  and  nen-es;  its  free  siu-face  is  covered  by  endothelial  cells. 


The  flbrou  rinfs  surround  the  atrioventricular  and  arterial  orifices,  and  are  stronger  upon 
the  left  than  on  the  right  side  of  the  heart.  The  atrioventricular  rings  serve  fur  the  attachment 
of  the  muscular  fibres  of  the  atria  and  ventricles,  and  for  the  attachment  of  the  bicuspid  and 
trieospid  valves.  The  left  atrioventricular  ring  is  closely  connected,  by  its  right  margin,  with 
the  tortjc  arterial  ring;  between  these  and  the  riKht  atrioventricular  ring  is  a  triangular  mass  of 
SbrouB  tisue,  the  tarigOIUim  flbiamn,  which  represents  the  o8  cordis  seen  in  the  heart  of  some  of 
th«  larger  animals,  as  the  ox  and  elephant.  Lastly,  there  is  the  tendinous  band,  steady  referred 
Ui  (p.  608),  on  the  posterior  surface  of  the  conus  arteriosus. 

The  fibrous  rings  surrounding  the  arterial  orifices  serve  for  the  attachment  of  the  great  vessels 
ud  semilunar  valves.  Each  ring  receives,  by  its  ventricular  margin,  the  attachment  of  some 
of  the  muscular  fibres  of  the  ventricles;  its  opposite  margin  presents  three  deep  semicircular 
Mlehes,  U>  which  the  middle  coat  of  the  artery  is  firmly  fixed.  The  attachment  of  the  artery 
to  its  fibrous  ring  is  strengthened  by  the  external  coat  and  serous  membrane  externally,  and 
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by  the  endocardium  internally.  From  the  margins  of  the  semicircular  notches  the  fibrous  structure 
of  the  ring  is  continued  into  the  segments  of  the  valves.  The  middle  coat  of  the  artery  in  this 
situation  is  thin,  and  the  vessel  is  dilated  to  form  the  sinuses  of  the  aorta  and  pulmonary  artery. 

The  muBCular  stmctare  of  the  heart  consists  of  bands  of  fibres,  which  present  an  exceedingly 
intricate  interlacement.  They  comprise  (a)  -the  fibres  of  the  atria,  (&)  the  fibres  of  the  ventricles, 
and  (c)  the  atrioventricular  bundle  of  His. 

The  fibres  of  the  atria  are  arranged  in  two  layers — a  superficial,  common  to  both  cavities,  and 
a  deep,  proper  to  each.  The  saperficial  fibres  are  most  distinct  on  the  front  of  the  atria,  across 
the  bases  of  which  they  run  in  a  transverse  direction,  forming  a  thin  and  incomplete  layer.  Some 
of  these  fibres  run  into  the  atrial  septum.  The  deep  fibres  consist  of  looped  and  annular  fibres. 
The  looped  fibres  pass  upward  over  each  atrium,  being  attached  by  their  two  extremities  to  the 
corresponding  atrioventricular  ring,  in  front  and  behind.  The  annular  fibres  surround  the  auriculae, 
and  form  annular  bands  around  the  terminations  of  the  veins  and  around  the  fossa  ovafis. 

The  fibres  of  the  ventricles  are  arranged  in  a  complex  manner,  and  various  accounts  have 
been  given  of  their  course  and  connections;  the  following  description  is  based  on  the  work  of 
McCallum.^  They  consist  of  superficial  and  deep  layers,  all  of  which,  with  the  exception  of 
two,  are  inserted  into  the  papillaiy  muscles  of  the  ventricles.  The  superfidal  layers  consist  of 
the  following:  (a)  Fibres  which  spring  from  the  tendon  of  the  conus  arteriosus  and  sweep  down- 
ward and  toward  the  left  across  the  anterior  longitudinal  sulcus  and  around  the  apex  of  the 
heart,  where  they  pass  upward  and  inward  to  terminate  in  the  papillary  muscles  of  the  left 
ventricle;  those  arising  from  the  upper  half  of  the  tendon  of  the  conus  arteriosus  pass  to  the 
anterior  papillary  muscle,  those  from  the  lower  half  to  the  posterior  papillary  muscle  and  the 
papillary  muscles  of  the  septtun.  (6)  Fibres  which  arise  from  the  right  atrioventricular  ring  and 
run  diagonally  across  the  diaphragmatic  surface  of  the  right  ventricle  and  around  its  right  border 
on  to  its  costostemal  siuf  ace,  where  they  dip  beneath  the  fibres  just  described,  and,  crossing  the 
anterior  longitudinal  sulcus,  wind  around  the  apex  of  the  heart  and  end  in  the  post^or  papillary 
muscle  of  the  left  ventricle,  (c)  Fibres  which  spring  from  the  left  atrioventricular  ring,  and, 
crossing  the  posterior  longitudinal  sulcus,  pass  successively  into  the  right  ventricle  and  end  in 
its  papillary  muscles.  The  deep  layers  are  three  in  ntunber;  they  arise  in  the  papillary  muscles 
of  one  ventricle  and,  curving  in  an  S-shaped  manner,  turn  in  at  the  longitudinal  sulcus  and  end 
in  the  papillary  muscles  of  the  other  ventricle.  The  layer  which  is  most  superficial  in  the  right 
ventricle  lies  next  the  lumen  of  the  left,  and  vice  versa.  Those  of  the  first  layer  almost  encircle 
the  right  ventricle  and,  crossing  in  the  septum  to  the  left,  unite  with  the  superficial  fibres  from 
the  right  atrioventricula:r  ring  to  form  the  posterior  papillary  muscle.  Those  of  the  second 
layer  have  a  less  extensive  course  in  the  wall  of  the  right  ventricle,  and  a  correspondingly  greater 
course  in  the  left,  where  they  join  with  the  superficiid  fibres  from  the  anterior  half  of  the  tendon 
of  the  conus  arteriosus  to  form  the  papillary  muscles  of  the  septtun.  Those  of  the  third  layer 
pass  almost  entirely  around  the  left  ventricle  and  unite  with  the  superficial  fibres  from  the  lower 
half  of  the  tendon  of  the  conus  arteriosus  to  form  the  anterior  papillary  muscle.  Besides  the 
layers  just  described  there  are  two  bands  which  do  not  end  in  papillary  muscles.  One  springs 
from  the  right  atrioventricular  ring  and  crosses  in  the  atrioventricular  septum;  it  then  encircles 
the  deep  layers  of  the  left  ventricle  and  ends  in  the  left  atrioventricular  ring.  The  second  band 
is  apparently  confined  to  the  left  ventricle;  it  is  attached  to  the  left  atrioventricular  ring,  and 
encircles  the  portion  of  the  ventricle  adjacent  to  the  aortic  orifice. 

.The  atrioventricular  bundle  of  His  is  the  only  direct  muscular  connection  known  to  exist 
between  the  atria  and  the  ventricles.  It  arises  in  connection  with  two  small  collections  of  spindle- 
shaped  cells,  the  sinoatrial  and  atrioventricular  nodes.  The  sinoatrial  node  is  situated  on  the 
anterior  border  of  the  opening  of  the  superior  vena  cava;  from  it  strands  of  fusiform  fibres  run 
under  the  endocarditun  of  the  wall  of  the  atrium  to  the  atrioventricular  node.  The  atrioventricolar 
node  lies  near  the  orifice  of  the  coronary  sinus  in  the  annular  and  septal  fibres  of  the  right  atrium; 
from  it  the  atrioventricular  bundle  passes  forward  in  the  lower  part  of  the  membranous  septum, 
and  divides  into  right  and  left  fasciculi.  These  run  down  in  the  right  and  left  ventricles,  one  on 
either  side  of  the  ventricular  septum,  covered  by  endocardiiun.  In  the  lower  parts  of  the  ventricles 
they  break  up  into  ntunerous  strands  which  end  in  the  papillary  muscles  and  in  the  ventricular 
muscle  generally.  The  greater  portion  of  the  atrioventricular  bundle  consists  of  narrow,  somewhat 
fusiform  fibres,  but  its  terminal  strands  are  composed  of  Purkinje  fibres. 

Dr.  A.  Morison'  has  shown  that  in  the  sheep  and  pig  the  atrioventricular  bundle  ''is  a  great 
avenue  for  the  transmission  of  nerves  from  the  auricular  to  the  ventricular  heart;  large  and 
numerous  nerve  tnmks  entering  the  bundle  and  coursing  with  it.''  From  these,  branches  pass 
off  and  form  plexuses  around  groups  of  Purkinje  cells,  and  from  these  plexuses  fine  fibrils  go  to 
innervate  individual  cells. 

Applied  Anatomy. — Clinical  and  experimental  evidence  go  to  prove  that  this  bundle  conveys 
the  impulse  to  systolic  contraction  from  the  atrial  septum  to  the  ventricles,  and  much  attention 
has  recently  been  paid  to  it,  because  it  appears  to  become  fibrosed  and  to  lose  much  of  its 

1  Johns  Hopkins  Hospital  Reports,  vol.  ix. 

*  Journal  of  Anatomy  and  Physiology,  voL  xlvi. 
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conducting  power  (heart-block)  in  many  cases  of  Stokes-Adams'  disease.  This  condition  is 
characterized  by  a  slow  puke,  a  tendency  to  syncopal  or  epileptiform  seizures,  and  the  fact 
that  while  the  cardiac  atria  beat  at  a  normal  rate,  the  ventricles  contract  much  less  frequently. 

Vessels  and  Nerves.' — ^The  arteries  supplying  the  heart  are  the  right  and  left  coronary  from 
the  aorta;  the  veins  end  in  the  right  atrium. 

The  lymi»hatics  end  in  the  thoracic  and  right  lymphatic  ducts. 

The  nerves  are  derived  from  the  cardiac  plexus,  which  are  formed  partly  from  the  vagi,  and 
partly  from  the  sympathetic  trunks.  They  are  freely  distributed  both  on  the  surface  and  in  the 
substance  of  the  heart,  the  separate  nerve  filaments  being  furnished  with  small  ganglia. 

The  Cardiac  Cycle  and  fhe  Actions  of  the  Valves. — By  the  contractions  of  the 
heart  the  blood  is  pumped  through  the  arteries  to  all  parts  of  the  body.  These 
contractions  occur  regularly  and  at  the  rate  of  about  seventy  per  minute.  Each 
wave  of  contraction  or  period  of  activity  is  followed  by  a  period  of  rest,  the  two 
periods  constituting  what  is  known  as  a  cardiac  cycle. 

Each  cardiac  cycle  consists  of  three  phases,  which  succeed  each  other  as  follows: 
(1)  a  short  simultaneous  contraction  of  both  atria,  termed  the  atrial  systole,  fol- 
lowed, after  a  slight  pause,  by  (2)  a  simultaneous,  but  more  prolonged,  contraction 
of  both  ventricles^  named  the  ventricular  systole,  and  (3)  a  period  of  rest,  during  which 
the  whole  heart  is  relaxed.  The  atrial  contraction  commences  around  the  venous 
openings,  and  sweeping  over  the  atria  forces  their  contents  through  the  atrio- 
ventricular openings  into  the  ventricles,  regurgitation  into  the  veins  being  pre- 
vented by  the  contraction  of  their  muscular  coats.  When  the  ventricles  contract, 
the  tricuspid  and  bicuspid  valves  are  closed,  and  prevent  the  passage  of  the  blood 
back  into  the  atria;  the  musculi  papillares  at  the  same  time  are  shortened,  and, 
pulling  on  the  chordae  tendineae,  prevent  the  inversion  of  the  valves  into  the  atria. 
As  soon  as  the  pressure  in  the  ventricles  exceeds  that  in  the  pulmonary  artery  and 
aorta,  the  valves  guarding  the  orifices  of  these  vessels  are  opened  and  the  blood  is 
driven  from  the  right  ventricle  into  the  pulmonary  artery  and  from  the  left  into 
the  aorta.  The  moment  the  systole  of  the  ventricles  ceases,  the  pressure  of  the 
blood  in  the  pulmonary  artery  and  aorta  closes  the  pulmonary  and  aortic  semilunar 
valves  to  prevent  regurgitation  of  blood  into  the  ventricles,  the  valves  remaining 
shut  until  reopened  by  the  next  ventricular  systole.  During  the  period  of  rest  the 
tension  of  the  tricuspid  and  bicuspid  valves  is  relaxed,  and  blood  is  flowing  from 
the  veins  into  the  atria,  being  aspirated  by  negative  intrathoracic  pressure,  and 
slightly  also  from  the  atria  into  the  ventricles.  The  average  duration  of  a  cardiac 
cycle  is  about  ^  of  a  second,  made  up  as  follows: 

Atrial  systole,  yV-  Atrial  diastole,  yV- 

Ventricular  systole,  -nr.  Ventricular  diastole,  j-^^. 

Total  systole,  y^.  Complete  diastole,  3^. 

The  rhythmical  action  of  the  heart  is  muscular  in  origin — that  is  to  say,  the 
heart  muscle  itself  possesses  the  inherent  property  of  contraction  apart  from  any 
nervous  stimulation.  The  more  embrj^onic  the  muscle  the  better  is  it  able  to  initiate 
and  propagate  the  contraction  wave;  this  explains  why  the  normal  systole  of  the 
heart  starts  at  the  entrance  of  tte  veins,  for  there  the  muscle  is  most  embryonic 
in^nature.  At  the  atrioventricular  junction  there  is  a  slight  pause  in  the  wave  of 
muscular  contraction.  To  obviate  this  as  far  as  possible  a  peculiar  band  of  marked 
embryonic  type  passes  across  the  junction  and  so  carries  on  the  contraction  wave 
to  the  ventricles.  This  band,  composed  of  special  fibres,  is  the  atrioventricular 
bundle  of  His  (p.  614).  The  nerves,  although  not  concerned  in  originating  the 
contractions  of  the  heart  muscle,  play  an  important  role  in  regulating  their  force 
and  frequency  in  order  to  subserve  the  physiological  needs  of  the  organism. 

AppUed  Anatomy.-^Wounds  of  the  heart  are  often  immediately  fatal,  but  not  necessarily  so. 
'^^  naay  be  non-penetrating,  when  death  may  occur  from  hemorrhage  if  one  of  the  coronary 
veasela  has  been  woimded,  or  subsequently  from  pericarditis.  Even  a  penetrating  wound  is  not 
neceesarily  fatal,  as  a  considerable  number  of  cases  have  been  recorded  in  which  the  wound  has 
been  sutured  successfully. 
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PECULIARITIES   IN   THE  VASCULAB  STSTEM   OF   THE   FETUS. 

The  development  of  the  heart  and  vascular  system  is  described  on  pages  141 
to  162. 

The  chief  peculiarities  of  the  fetal  heart  are  the  direct  communication  between 
the  atria  through  the  foramen  ovale,  and  the  large  size  of  the  valve  of  the  inferior 
vena  cava.  Among  other  peculiarities  the  following  may  be  noted.  (1)  In  early 
fetal  life  the  heart  lies  immediately  below  the  mandibular  arch,  and  as  develop- 
ment proceeds  it  is  gradually  drawn  within  the  thorax.  (2)  For  a  time  the  atrial 
portion  exceeds  the  ventricular  in  size,  and  the  walls  of  the  ventricles  are  of  equal 
thickness:  toward  the  end  of  fetal  life  the  ventricular  portion  becomes  the  larger 
and  the  wall  of  the  left  ventricle  exceeds  that  of  the  right  in  thickness.  (3)  Its 
size  is  large  as  compared  with  that  of  the  rest  of  the  body,  the  proportion  at  the 
second  month  being  1  to  50,  and  at  birth,  1  to  120,  while  in  the  adult  the  average 
is  about  1  to  160. 

The  foramen  ovale,  situated  at  the  lower  part  of  the  atrial  septum,  forms  a  free 
communication  between  the  atria  until  the  end  of  fetal  life.  A  septum  (septum 
secundum)  grows  down  from  the  upper  wall  of  the  atrium  to  the  right  of  the  primar\' 
septum  in  which  the  foramen  ovale  is  situated;  shortly  after  birth  it  fuses  with 
the  primary  septum  and  the  foramen  ovale  is  obliterated. 

The  valve  of  the  inferior  vena  cava  serves  to  direct  the  blood  from  that  vessel 
through  the  foramen  ovale  into  the  left  atrium. 

The  peculiarities  in  the  arterial  system  of  the  fetus  are  the  communication 
between  the  pulmonary  artery  and  the  aorta  by  means  of  the  ductus  arteriosus, 
-^and  the  continuation  of  the  hypogastric  arteries  as  the  umbilical  arteries  to  the 
placenta. 

The  ductus  arteriosus  is  a  short  tube,  about  1.25  cm.  in  length  at  birth,  and 
of  the  diameter  of  a  goose-quill.  In  the  early  condition  it  forms  the  continuation 
of  the  pulmonary  artery,  and  opens  into  the  aorta,  just  beyond  the  origin  of  the 
left  subclavian  artery;  and  so  conducts  the  greater  amount  of  the  blood  from  the 
right  ventricle  into  the  aorta.  When  the  branches  of  the  pulmonary  artery  have 
become  larger  relatively  to  the  ductus  arteriosus,  the  latter  is  chiefly  connected 
to  the  left  pulmonary  artery. 

The  hypogastric  arteries  run  along  the  sides  of  the  bladder  and  thence  upward 
on  the  back  of  the  anterior  abdominal  wall  to  the  umbilicus;  here  they  pass  out 
of  the  abdomen  and  are  continued  as  the  umbilical  arteries  in  the  umbilical  cord 
to  the  placenta.    They  convey  the  fetal  blood  to  the  placenta. 

The  peculiarities  in  the  venous  system  of  the  fetus  are  the  communications 
established  between  the  placenta  and  the  liver  and  portal  vein,  through  the  umbil- 
ical vein;  and  between  the  umbilical  vein  and  the  inferior  vena  cava  through  the 
ductus  venosus. 

Fetal  Circulation  (Fig.  581). — The  fetal  blood  is  returned  from  the  placenta  to 

the  fetus  by  the  umbilical  vein.    This  vein  enters  the  abdomen  at  the  umbilicps, 

and  passes  upward  along  the  free  margin  of  the  falciform  ligament  of  the  liver  to 

the  under  surface  of  that  organ,  where  it  gives  off  two  or  three  branches,  one  of 

large  size  to  the  left  lobe,  and  others  to  the  lobus  quadratus  and  lobus  caudatus. 

At  the  porta  hepatis  (transverse  fissure  of  the  liver)  it  divides  into  two  branches : 

.of  these,  the  larger  is  joined  by  the  portal  vein,  and  enters  the  right  lobe;  the 

smaller  is  continued  upward,  under  the  name  of  the  ductus  venosus,  and  joins 

the  inferior  vena  cava.    The  blood,  therefore,  which  traverses  the  umbilical  vein, 

passes  to  the  inferior  vena  cava  in  three  different  ways.    A  considerable  quantity 

\      circulates  through  the  liver  with  the  portal  venous  blood,  before  entering  the 

^     inferior  vena  cava  by  the  hepatic  veins;  some  enters  the  liver  directly,  and   is 
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^ed  to  the  inferior  cava  by  the  hepatic  veins;  the  remainder  passes  directly 
into  the  inferior  vena  cava  through  the  ductus  venosus. 

In  the  inferior  vena  cava,  the  blood  carried  by  the  ductus  venosus  and  hepatic 
^eins  becomes  mixed  with  that  returning  from  the  lower  extremities  and  abdominal 


^  'Sl.-.pi.n  of  tbd  fetal  circulation.    In  this  pUd  the  figured  aiTowa  it^pteBent 

™°  ■bicli  ii  ukei  in  the  vshIh.    Thus— arterul  blood  u  Sgund    > >  -. 

'^  >ikI  vepoin)  blood.  > >. 


*^'l-  It  enters  the  right  atrium,  anti,  guided  by  the  valve  of  the  inferior  vena 
'^'■s,  passes  through  the  foramen  ovale  into  the  left  atrium,  where  it  mixes  with 
*fflialt  quantity  of  blood  returned  from  the  lungs  by  the  pulmonarj'  veins.  From 
the  left  atrium  it  passes  into  the  left  ventricle;  and  from  the  left  ventricle  into  the 
Borta,  by  means  of  which  it  is  distributed  almost  entirely  to  the  head  and  upper 
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extremities,  a  small  quantity  being  probably  carried  into  the  descending  aorta. 
From  the  head  and  upper  extremities  the  blood  is  returned  by  the  superior  vena 
cava  to  the  right  atrium,  where  it  mixes  with  a  small  portion  of  the  blood  from  the 
inferior  vena  cava.  From  the  right  atrium  it  descends  into  the  right  ventricle, 
and  thence  passes  into  the  pulmonary  artery.  The  lungs  of  the  fetus  being  inactive, 
only  a  small  quantity  of  the  blood  of  the  pulmonary  artery  is  distributed  to  them 
by  the  right  and  left  pulmonary  arteries,  and  returned  by  the  pulmonary  veins 
to  the  left  atrium:  the  greater  part  passes  through  the  ductus  arteriosus  into  the 
aorta,  where  it  mixes  with  a  small  quantity  of  the  blood  transmitted  by  the  left 
ventricle  into  the  aorta.  Through  this  vessel  it  descends,  and  is  in  part  distributed 
to  the  lower  extremities  and  the  viscera  of  the  abdomen  and  pelvis,  but  the  greater 
amount  is  conveyed  by  the  umbilical  arteries  to  the  placenta. 

From  the  preceding  account  of  the  circulation  of  the  blood  in  the  fetus  the  fol- 
lowing facts  will  be  evident:  (1)  The  placenta  serves  the  purposes  of  nutrition 
and  excretion,  receiving  the  impure  blood  from  the  fetus,  and  returning  it  purified 
and  charged  with  additional  nutritive  material.  (2)  Nearly  the  whole  of  the  blood 
of  the  umbilical  vein  traverses  the  liver  before  entering  the  inferior  vena  cava; 
hence  the  large  size  of  the  liver,  especially  at  an  early  period  of  fetal  life.  (3)  The 
right  atrium  is  the  point  of  meeting  of  a  double  current,  the  blood  in  the  inferior 
vena  cava  being  guided  by  the  valve  of  this  vessel  into  the  left  atrium,  while  that 
in  the  superior  vena  cava  descends  into  the  right  ventricle.  At  an  early  p)eriod 
of  fetal  life  it  is  highly  probable  that  the  two  streams  are  quite  distinct;  for  the 
inferior  vena  cava  opens  almost  directly  into  the  left  atrium,  and  the  valve  of  the 
inferior  vena  cava  would  exclude  the  current  from  the  right  ventricle.  At  a  later 
period,  as  the  separation  between  the  two  atria  becomes  more  distinct,  it  seems 
probable  that  some  mixture  of  the  two  streams  must  take  place.  (4)  The  pure 
blood  carried  from  the  placenta  to  the  fetus  by  the  umbilical- vein^  mixed  with  the 
blood 'from  the  portal  vein  and  inferior  vena  cava,  passes  almost  directly  to  the 
arch  of  the  aorta,  and  is  distributed  by  the  branches  of  that  vessel  to  the  head 
and  upper  extremities.  (5)  The  blood  contained  in  the  descending  aorta,  chiefly 
derived  from  that  which  has  already  circulated  through  the  head  and  limbs, 
together  with  a  small  quantity  from  the  left  ventricle,  is  distributed  to  the 
abdomen  and  lower  extremities. 

Changes  in  the  Vascular  System  at  Birth. — At  birth,  when  respiration  is  estab- 
lished, an  increased  amount  of  blood  from  the  pulmonary  artery  passes  through  the 
lungs,  and  the  placental  circulation  is  cut  off.  The  foramen  ovale  is  closed  by  about 
the  tenth  day  after  birth:  the  valvular  fold  above  mentioned  adheres  to  the  margin 
of  the  foramen  for  the  greater  part  of  its  circumference,  but  a  slit-like  opening  is 
left  between  the  two  atria  above,  and  this  sometimes  persists. 

The  ductus  arteriosus  begins  to  contract  immediately  after  respiration  is  estab- 
lished, and  is  completely  closed  from  the  fourth  to  the  tenth  day;  it  ultimately 
\  degenerates  into  an  impervious  cord,  the  ligamentum  arteriosom,  which  connects 
the  left  pulmonary  artery  to  the  arch  of  the  aorta. 

Of  the  hypogastric  arteries,  the  parts  extending  from  the  sides  of  the  bladder 
to  the  umbilicus  become  obliterated  between  the  second  and  fifth  days  after  birth, 
and  project  as  fibrous  cords,  the  lateral  umbilical  ligaments,  toward  the  abdominal 
cavity,  carrying  on  them  folds  of  peritoneum. 

The  umbilical  vein  and  ductus  venosus  are  completely  obliterated  between  the 
second  and  fifth  days  after  birth;  the  former  becomes  the  ligamentum  teres,  the 
latter  the  ligamentum  venosum,  of  the  liver. 


THE  ARTERIES. 


'PHE  distribution  of  the  systematic  arteries  is  like  a  highly  ramified  tree,  the 
^  common  trunk  of  which,  formed  by  the  aorta,  commences  at  the  left  ventricle, 
while  the  smallest  ramifications  extend  to  the  peripheral  parts  of  the  body  and  the 
contained  organs.  Arteries  are  found  in  all  parts  of  the  body,  except  in  the  hairs, 
nails,  epidermis,  cartilages,  and  cornea;  the  larger  trunks  usually  occupy  the  most 
protected  situations,  running,  in  the  limbs,  along  the  flexor  surface,  where  they 
are  less  exposed  to  injury. 

There  is  considerable  variation  in  the  mode  of  division  of  the  arteries:  occasion- 
ally a  short  trunk  subdivides  into  several  branches  at  the  same  point,  as  may  be 
observed  in  the  coeliac  artery  and  the  thyrocervical  trunk:  the  vessel  may  give  off 
several  branches  in  succession,  and  still  continue  as  the  main  trunk,  as  is  seen  in 
the  arteries  of  the  limbs;  or  the  division  may  be  dichotomous,  as,  for  instance,  when 
the  aorta  divides  into  the  two  common  iliacs. 

A  branch  of  an  artery  is  smaller  than  the  trunk  from  which  it  arises;  but  if  an 
artery  divides  into  two  branches,  the  combined  sectional  area  of  the  two  vessels 
b,  in  nearly  every  instance,  somewhat  greater  than  that  of  the  trunk;  and  the 
combined  sectional  area  of  all  the  arterial  branches  greatly  exceeds  that  of  the 
aorta;  so  that  the  arteries  collectively  may  be  regarded  as  a  cone,  the  apex  of 
which  corresponds  to  the  aorta,  and  the  base  to  the  capillary  system. 

The  arteries,  in  their  distribution,  communicate  with  one  another,  forming 
what  are  called  anastomoses,  and  these  conmiunications  are  very  free  between 
the  large  as  well  as  between  the  smaller  branches.  The  anastomosis  between  trunks 
of  equal  size  is  found  where  great  activity  of  the  circulation  is  requisite,  as  in  the 
brain;  here  the  two  vertebral  arteries  unite  to  form  the  basilar,  and  the  two  ante- 
rior cerebral  arteries  are  connected  by  a  short  communicating  trunk;  it  is  also 
found  in  the  abdomen,  where  the  intestinal  arteries  have  very  ample  anastomoses 
between  their  larger  branches.  In  the  limbs  the  anastomoses  are  most  numerous 
and  of  largest  size  around  the  joints,  the  branches  of  an  artery  above  uniting 
with  branches  from  the  vessels  below.  These  anastomoses  are  of  considerable  in- 
terest to  the  surgeon,  as  it  is  by  their  enlargement  that  a  collateral  circulation  is 
established  after  the  application  of  a  ligature  to  an  artery.  The  smaller  branches 
of  arteries  anastomose  more  frequently  than  the  larger;  and  between  the  smallest 
twigs  these  anastomoses  become  so  numerous  as  to  constitute  a  close  network 
that  pervades  nearly  every  tissue  of  the  body. 

Throughout  the  body  generally  the  larger  arterial  branches  pursue  a  fairly 
straight  course,  but  in  certain  situations  they  are  tortuous.  Thus  the  external 
maxillary  artery  in  its  course  over  the  face,  and  the  arteries  of  the  lips,  are  extremely 
tortuous  to  accommodate  themselves  to  the  movements  of  the  parts.  The  uterine 
arteries  are  also  tortuous,  to  accommodate  themselves  to  the  increase  of  size  which 
the  uterus  undergoes  during  pregnancy. 

AnpUed  Anatomy. — All  the  arteries,  and  most  of  all  the  aorta,  are  liable  to  a  degenerative 

process  known  as  atheroma,  arteriosclerosis,  or,  more  recently,  atherosclerosis  (Marchand), 

that  is  of  the  greatest  clinical  importance.    It  is  essentially  a  senile  change,  although  it  may  begin 

at  any  age  and  is  predisposed  to  by  renal  disease,  gout,  diabetes  mellitus,  lead  poisoning,  and 

a  number  of  other  morbid  states,  and  results  in  the  replacement  of  the  arterial  elastic  tissue  by 
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fibroiu  tieaue.  Its  chief  ill  efFects  are  two.  In  the  first  place,  it  is  asaociated  with  a  pennanenl 
and  often  conaiderable  rise  in  the  arterial  blood  pressure,  entailing  a  correspoading  faypertroph)' 
of  the  heart;  in  the  second,  it  weakens  the  vessel  walls,  rendering  them  more  liable  to  rupture, 
while  at  the  same  time  it  is  apt  to  lessen  the  calibre  of  the  afTect«d  vessels. 

The  arteries  are  also  frequently  attacked  by  syphilis,  which  gives  rise  to  inflammation  and 
deReneration  of  their  middle  coata.  Recent  reeearchee'  go  to  prove  that  arterial  aneurisms, 
other  than  those  due  to  direct  injury,  occur  almost  solely  in  syphilitic  patients. 


The  Pulmonary  Artery  (A.  Pulmonalis)  {Fig.  582). 

The  pnlmonoiy  artery  conveys  the  venous  blood  from  the  right  ventricle  of  the 
heart  to  the  lungs.  It  is  a  short,  wide  vessel,  about  5  em.  in  length  and  3  cm.  in 
diameter,  arising  from  the  conus  arteriosus  of  the  right  ventricle.  It  extends 
obliquely  upward  and  backward,  passing  at  first  in  front  and  then  to  the  left 
of  the  ascending  aorta,  as  far  as  the  under  surface  of  the  aortic  arch,  where  it 
divides,  about  the  level  of  the  fibrocartilage  between  the  fifth  and  sixth  thoracic 
vertebne,  into  right  and  left  branches  of  nearly  equal  size. 

Belatiima. — The  whole  of  this  vessel  is  contained  within  the  pericardium.    It  is  enclosed  with 

the  ascending  aorta  in  a  single  tube  of  the  visceral  layer  of  the  serous  pericardium,  which  is  con- 
tinued upward  upon  them  from  the  base  of  the  heart.  The  libroua  layer  of  the  pericardium  is 
gradually  lost  upon  the  external  coats  of  the  two  branches  of  the  artery.  In  jronl,  the  pulmonary 
artery  is  separated  from  the  anterior  end  of  the  second  left  intercostal  space  by  the  pleura  and 
left  lung,  in  addition  to  the  pericardium;  it  rests  at  first  upon  the  ascending  aorta,  and  higher 
up  lies  in  front  of  the  left  atrium  on  a  plane  posterior  to  the  ascendinn  aorta.  On  either  wide  of 
its  origin  is  the  auricula  ol  the  corresponding  atrium  and  a  coronary  artery,  the  left  coronary 
artery  passing,  in  the  first  part  of  its  course,  behind  the  vessel.  The  superficial  part  of  the  cardiac 
plexus  lies  above  its  bifurcation,  between  it  and  the  arch  of  the  aorta. 

The  right  branch  of  the  pulmonary  artery  {ramiis  de^rtcr  a.  pulmonalis),  longer 
and  larger  than  the  left,  runs  horizontally  to  the  right,  behind  the  ascending  aorta 
and  superior  vena  cava  and  in  front  of  the  right  bronchus,  to  the  root  of  the  right 

■  C.  U.  AilchLMD,  ArclmPB  M  Ihe  Pallmlosical  Imlitutr  of  the  London  HwviUj,  190S.  ii.  1. 


THE  ASCENDING  AORTA  621 

lung,  where  it  divides  into  two  branches.  The  lower  and  larger  of  these  goes  to 
the  middle  and  lower  lobes  of  the  lung;  the  upper  and  smaller  is  distributed  to  the 
upper  lobe.  .    . 

The  left  branch  of  fhe  pulmonary  artery  {ramus  sinister  a.  pulmonalis),  shorter 
and  somewhat  smaller  than  the  right,  passes  horizontally  in  front  of  the  descending 
aorta  and  left  bronchus  to  the  root  of  the  left  lung,  whefe  it  divides  into  two 
branches,  one  for  each  lobe  of  the  lung. 

Abcrce,  it  is  connected  to  the  concavity  of  the  aortic  arch  by  the  ligamentum 
arteriosum,  on  the  left  of  which  is  the  left  recurrent  nerve,  and  on  the  right  the 
superficial  part  of  the  cardiac  plexus.  Below,  it  is  joined  to  the  upper  left  pul- 
monar}^  vein  by  the  ligament  of  the  left  vena  cava  (page  159). 

The  terminal  branches  of  the  pulmonary  arteries  will  be  described  with  the 
anatomy  of  the  lungs. 

Applied  Anatomy. — Stenosis  of  the  pulmonary  artery,  either  with,  or,  more  rarely,  without 
defective  formation  of  the  ventricular  septum,  is  one  of  the  commonest  congenital  defects  of  the 
heart.  It  may  be  due  either  to  fetal  endocarditis,  or  to  maldevelopment  of  the  bulbus  cordis 
(p.  149).^  As  in  most  forms  of  congenital  heart  disease,  the  child  is  cyanosed  (morbus  caeruleus)^ 
especially  when  excited  or  on  exertion,  and  rarely  lives  to  grow  up,  conmionly  dying  of  heart 
failure  in  infancy,  or  of  pulmonary  tuberculosis  or  intercurrent  disease  in  childhood.  The  chief 
signs  of  the  condition  are  the  loud,  harsh  s3r8tolic  cardiac  murmur  best  heard  over  the  second 
left  costal  cartilage,  cyanosis,  clubbing  of  the  finger  tips,  and  the  presence  of  an  excess  of  red 
corpuscles  in  the  blood. 

Embolism  of  the  pulmonary  artery  by  a  clot  of  blood  coming  from  the  right  side  of  the  heart 
in  patients  with  heart  disease,  or  from  a  thrombosed  vein  in  cases,  for  example,  of  influenza, 
enteric  fever,  puerperal  sepsis,  or  fractured  limbs,  is  a  common  cause  of  sudden  or  rapid  death. 
The  patient  may  cry  out  with  sudden  excruciating  pain  in  the  precordia  when  the  detached 
embolus  lodges,  and  after  a  brief  period  of  intense  dyspnoea,  pallor,  and  anguish,  die. 


THE  AOBTA. 

The  aorta  is  the  main  trunk  of  a  series  of  vessels  which  convey  the  oxygenated 
blood  to  the  tissues  of  the  body  for  their  nutrition.  It  commences  at  the  upper 
part  of  the  left  ventricle,  where  it  is  about  3  cm.  in  diameter,  and  after  ascending 
for  a  short  distance,  arches  backward  and  to  the  left  side,  over  the  root  of  the  left 
lung;  it  then  descends  within  the  thorax  on  the  left  side  of  the  vertebral  column, 
passes  into  the  abdominal  cavity  through  the  aortic  hiatus  in  the  Diaphragma, 
and  ends,  considerably  diminished  in  size  (about  1.75  cm.  in  diameter),  opposite 
the  lower  border  of  the  fourth  lumbar  vertebra,  by  dividing  into  the  right  and  left 
common  iliac  arteries.  Hence  it  is  described  in  several  portions,  viz.,  the  ascending 
Mrta,  the  arch  of  the  aorta,  and  the  descending  aorta,  which  last  is  again  divided  into 
the  thoracic  and  abdominal  aorto. 


THE  ASCENDING  AOBTA  (AOBTA  ASCENDENS)  (Fig.  583). 

The  ascending  aorta  is  about  5  cm.  in  length.  It  commences  at  the  upper  part 
of  the  base  of  the  left  ventricle,  on  a  level  with  the  lower  border  of  the  third  costal 
cartilage  behind  the  left  half  of  the  sternum;  it  passes  obliquely  upward,  forward, 
and  to  the  right,  in  the  direction  of  the  heart's  axis,  as  high  as  the  upper  border 
of  the  second  right  costal  cartilage,  describing  a  slight  curve  in  its  course,  and  being 
situated,  about  6  cm.  behind  the  posterior  surface  of  the  sternum.  At  its  origin 
It  presents,  opposite  the  segments  of  the  aortic  valve,  three  small  dilatations 
^lled  the  aortic  sinuses.    At  the  union  of  the  ascending  aorta  with  the  aortic  arch 

u  Jta  ^'^^^^^^^^  ^°  Pathology,  Aberdeen  University,  1906)  believes  that  the  great  majority  of  cases  which  are  classified 
f-j'^'^'utal  Btenosis  of  the  pulmonary  or  of  the  aortic  orifices  are,  in  reality,  due  to  an  arrest  of  development  or  mal- 
*°1nat]on  of  the  bulbuB  cordia. 
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the  calibre  of  the  vessel  is  increased,  owing  to  a  bulging  of  its  right  wall.  This 
dilatation  is  termed  the  bulb  of  the  aorta,  and  on  transverse  section  presents  a  some- 
what oval  figure.  The  ascending  aorta  is  contained  within  the  pericardium,  and 
is  enclosed  in  a  tube  of  the  serous  pericardium,  common  to  it  and  the  pulmonai? 
artery. 


— The  ascending  aorta  is  covered  at  its  commencement  by  the  trunk  of  the  pii)- 
tDOnary  artery  and  the  right  auricula,  and,  higher  up,  is  separated  from  the  sternum  by  the 
pericaJrdium,  the  right  pleura,  the  anterior  margin  of  the  r^^t  lung,  some  loose  areolar  tissue, 
and  the  remains  of  the  thymus;  posteriorly,  it  rests  upon  the  left  atrium  and  right  pulmonary 
artery.  On  the  right  side,  it  is  in  relation  with  the  superior  vena  cava  and  right  atriiun,  the 
former  lying  partly  behind  it;  on  the  left  side,  with  the  pulmonary  artery. 


Branches. — The  only  branches  of  the  ascending  aorta  are  the  two  coronary 
arteries  which  supply  the  heart;  they  arise  near  the  commencement  of  the  aorta 
immediately  above  the'  attached  marghis  of  the  semilunar  valves. 

The  Coronary  Arteries.— The  Right  Coronaiy  Artery  (a.  coronaria  [cordis] 
dextTO)  arises  from  the  anterior  aortic  sinus.  It  passes  at  first  between  the  conus 
arteriosus  and  the  right  auricula  and  then  runs  in  the  right  portion  of  the  coronary 
sulcus,  coursing  at  first  from  the  left  to  right  and  then  on  the  diaphragmatic  surface 
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of  the  heart  from  right  to  left  as  far  as  the  posterior  longitudinal  sulcus,  down 
which  it  is  continued  to  the  apex  of  the  heart  as  the  posterior  descending  branch. 
It  gives  off  a  large  marfnnai  branch  which  follows  the  acute  margin  of  the  heart 
and  supplies  branches  to  both  surfaces  of  the  right  ventricle.  It  also  gives  twigs 
to  the  right  atrium  and  to  the  part  of  the  left  ventricle  which  adjoins  the 
posterior  longitudinal  sulcus. 

The  Left  Coronary  Artery  (a.  coronaria  [cordis]  sinistra),  larger  than  the  right, 
arises  from  the  left  posterior  aortic  sinus  and  divides  into  an  anterior  descending 
and  a  circumflex  branch.  The  anterior  descending  branch  passes  at  first  behind  the 
pulmonary  artery  and  then  comes  forward  between  that  vessel  and  the  left  auricula 
to  reach  the  anterior  longitudinal  sulcus,  along  which  it  descends  to  the  incisura 
apicis  cordis;  it  gives  branches  to  both  ventricles.  The  circumflex  branch  follows 
the  left  part  of  the  coronary  sulcus,  running  first  to  the  left  and  then  to  the  right, 
reaching  nearly  as  far  as  the  posterior  longitudinal  sulcus;  it  gives  branches  to  the 
left  atrium  and  ventricle.  There  is  a  free  anastomosis  between  the  minute 
branches  of  the  two  coronary  arteries  in  the  substance  of  the  heart. 


\. — ^These  vessels  occasionally  arise  by  a  common  trunk,  or  their  number  may  be 
increased  to  three,  the  additional  branch  being  of  small  sise.  More  rarely,  there  are  two  sbddi- 
tional  branches. 

Andied  Anatomy. — ^The  sudden  blocking  of  a  coronary  artery  by  an  embolus,  or  its  more 
gradual  obstruction  by  arterial  disease  or  thrombosis,  is  a  common  cause  of  sudden  death  in 
persons  past  middle  age.  If  the  obstruction  to  the  passage  of  blood  is  incomplete,  true  angina 
jtedoris  may  occur.  In  this  condition  the  patient  is  suddenly  seized  with  a  spasm  of  agonizing 
pain  in  the  precordial  region  and  down  the  left  arm,  together  with  an  indescribable  sense  of 
anguish.  He  may  die  in  such  an  attack,  or  succumb  a  few  hours  or  days  later  from  heart  failure, 
or  survive  a  number  of  attacks. 

THE  ABCH  OF  THE  AOETA  (ABCUS  AOBTAE;  TBANS7EBSE 

AORTA)  (Fig.  583). 

• 

The  arch  of  the  aorta  begins  at  the  level  of  the  upper  border  of  the  second  sterno- 
costal articulation  of  the  right  side,  and  runs  at  first  upward,  backward,  and  to  the 
left  in  front  of  the  trachea;  it  is  then  directed  backward  on  the  left  side  of  the  trachea 
and  finally  passes  downward  on  the  left  side  of  the  body  of  the  fourth  thoracic 
vertebra,  at  the  lower  border  of  which  it  becomes  continuous  with  the  descending 
aorta.  It  thus  forms  two  curvatures:  one  with  its  convexity  upw-ard,  the  other 
with  its  convexity  forward  and  to  the  left.  Its  upper  border  is  usually  about  2.5 
cm.  below  the  superior  border  to  the  manubrium  sterni. 

Salationa. — ^The  arch  of  the  aorta  is  covered  anteriorly  by  the  pleurse  and  anterior  margins 
of  the  lungs,  and  by  the  remains  of  the  thymus.  As  the  vessel  runs  backward  its  left  side  is  in 
contact  with  the  left  lung  and  pleura.  Passing  downward  on  the  left  side  of  this  part  of  the  arch 
are  four  nerves;  in  order  from  before  backward  these  are,  the  left  phrenic,  the  lower  of  the  superior 
cardiac  branches  of  the  left  vagus,  the  superior  cardiac  branch  of  the  left  sympathetic,  and  the 
trunk  of  the  left  vagus.  As  the  last  nerve  crosses  the  arch  it  gives  off  its  reciurent  branch,  which 
books  around  below  the  vessel  and  then  passes  upward  on  its  right  side.  The  highest  left  inter- 
costal vein  runs  obliquely  upward  and  forward  on  the  left  side  of  the  arch,  between  the  phrenic 
and  vagus  nerves.  On  the  right  are  the  deep  part  of  the  cardiac  plexus,  the  left  recurrent  nerve, 
the  cesophagus,  and  the  thoracic  duct;  the  trachea  lies  behind  and  to  the  right  of  the  vessel. 
Above  are  the  innominate,  left  conunon  carotid,  and  left  subclavian  arteries,  which  arise  from 
the  convexity  of  the  arch  and  are  crossed  close  to  their  origins  by  the  left  innominate  vein.  Below 
are  the  bifurcation  of  the  pulmonary  artery,  the  left  bronchus,  the  ligamentum  arteriosiun,  the 
superficial  part  of  the  cardiac  plexus,  and  the  left  recurrent  nerve.  As  already  stated,  the  liga- 
mentum arterioeum  connects  the  commencement  of  the  left  pulmonary  artery  to  the  aortic  arch. 

Between  the  origin  of  the  left  subclavian  artery  and  the  attachment  of  the  ductus 
arteriosus  the  lumen  of  the  fetal  aorta  is  considerably  narrowed,  forming  what  is 
termed  the  aortic  isthmus,  while  immediately  beyond  the  ductus  arteriosus  the 
vessel  presents  a  fusiform  dilation  which  His  has  named  the  aortic  spindle— the 
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point  of  junction  of  the  two  parts  being  marked  in  the  concavity  of  the  arch  by  an 
indentation  or  angle.  These  conditions  persist,  to  some  extent,  in  the  adult,  where 
His  found  that  the  average  diameter  of  the  spindle  exceeded  that  of  the  isthmus 
by  3  mm. 


Distinct  from  this  diffuse  and  moderate  stenosis  at  the  isthmus  is  the  condition  known 
coarctation  of  the  aorUiy  or  marked  stenosis  often  amounting  to  complete  obliteration  of  its  lumen, 
Seen  in  adults  and  occurring  at  or  near,  oftenest  a  little  below,  the  insertion  of  the  ligamentum 
arteriosum  into  the  aorta.  According  to  Bonnet'  this  coarctation  is  never  foimd  in  the  fetus  or 
at  birth,  and  is  due  to  an  abnormal  extension  of  the  peculiar  tissue  of  the  ductus  into  the  aortic 
wall,  which  gives  rise  to  a  simultaneous  stenosis  of  both  vessels  as  it  contracts  after  birth — the 
ductus  is  usually  obliterated  in  these  cases.  An  extensive  collateral  circulation  is  set  up,  by  the 
costocervicals,  internal  manmiaries,  and  the  descending  branches  of  the  transverse  cervicfd 
above  the  stenosis,  and  below  it  by  the  first  four  aortic  intercostals,  the  pericardiaoo-phrenics, 
and  the  superior  and  inferior  epigastrics. 

Peculiarities. — The  height  to  which  the  aorta  rises  in  the  thorax  is  usually  about  2.5  cm. 
below  the  upper  border  of  the  sternum;  but  it  may  ascend  nearly  to  the  top  of  the  bone.  Occa- 
sionally it  is  foimd  4  cm.,  more  rarely  from  5  to  8  cm.  below  this  point.  Sometimes  the  aorta 
arches  over  the  root  of  the  right  lung  (right  aortic  arch)  instead  of  over  that  of  the  left,  and  pasBes 
down  on  the  right  side  of  the  vertebral  column,  a  condition  which  is  found  in  birds.  In  such  cases 
all  the  thoracic  and  abdominal  viscera  are  transposed.  Less  frequently  the  aorta,  after  arching 
over  the  root  of  the  right  lung,  is  directed  to  its  usual  position  on  the  left  side  of  the  vertebral 
column;  this  peculiarity  is  not  accompanied  by  transposition  of  the  viscera.  The  aorta  occa- 
sionally divides,  as  in  some  quadrupeds,  into  an  ascending  and  a  descending  trunk,  the  former 
of  which  is  directed  vertically  upward,  and  subdivides  into  three  branches,  to  supply  the  head 
and  upper  extremities.  Sometimes  the  aorta  subdivides  near  its  origin  into  two  branches,  which 
soon  reunite.  In  one  of  these  cases  the  oasophagus  and  trachea  were  found  to  pass  through  the 
interval  between  the  two  branches;  this  is  the  normal  condition  of  the  vessel  in  the  reptilia. 

Applied  Anatomy. — Of  all  the  vessels  of  the  arterial  system,  the  aorta,  and  more  especially 
its  arch,  is  most  frequently  the  seat  of  disease;  hence  it  is  important  to  consider  some  of  the 
consequences  that  may  ensue  from  aneurism  of  this  part. 

Aneurism  of  the  ascending  aorta,  in  the  situation  of  the  aortic  sinuses,  in  the  great  majority 
of  cases,  affects  the  anterior  sinus;  this  is  mainly  owing  to  the  fact  that  the  regurgitation  of 
blood  upon  the  sinuses  takes  place  chiefly  on  the  anterior  aspect  of  the  vessel.  As  the  aneurismal 
sac  enlarges,  it  may  compress  any  or  all  of  the  structures  in  immediate  proximity  with  it,  but 
chiefly  projects  toward  the  right  anterior  side;  and,  consequently,  interferes  mainly  with  those 
structures  that  have  a  corresponding  relation  with  the  vessel.  If  it  project  forward,  it  may 
destroy  the  sternum  and  the  cartilages  of  the  ribs,  usually  on  the  right  side,  and  appear  as  a 
pulsating  tmnor  on  the  front  of  the  chest,  just  below  the  manubrium;  or  it  may  burst  into  the 
pericardium,  or  may  compress,  or  open  into  the  right  lung,  the  trachea,  bronchi,  or  oesophagus. 
In  the  majority  of  cases  it  bursts  into  the  cavity  of  the  pericardium,  the  patient  suddenly  drops 
down  dead,  and,  upon  a  postmort.em  examination,  the  pericardial  sac  is  found  full  of  blood; 
or  it  may  compress  the  right  atrium,  or  the  pulmonary  artery,  and  adjoining  part  of  the  right 
ventricle,  and  open  into  one  or  the  other  of  these  parts.  It  may  press  upon  the  superior  vena 
cava  or  the  innominate  veins,  causing  great  venous  engorgemtot.  The  face  becomes  hvid  and 
swollen,  the  right  arm  and  anterior  thoracic  wall  cedematous,  and  the  congestion  of  the  brain 
gives  rise  to  headache  and  vertigo.  An  aneurism  has  occasionally  perforated  into  the  superior 
vena  cava,  setting  up  an  arteriovenous  aneurism.  When  this  happens  the  patient  suddenly 
becomes  very  short  of  breath,  intensely  congested  and  cedematous  in  the  face  and  upper  part 
of  the  body,  and  develops  a  palpable  thrill  and  a  continuous  hunmiing  murmur,  loudest  during 
systole,  over  the  sternum.  Death  follows  a  few  days  or  weeks  after  such  a  perforation;  and 
somewhat  similar  symptoms  are  occasioned  when  an  aortic  aneurism  erodes  and  bursts  into 
the  pulmonary  artery. 

Regarding  the  arch  of  the  aorta,  the  student  is  reminded  that  the  vessel  lies  against  the  trachea, 
oesophagus,  and  thoracic  duct;  that  the  recurrent  nerve  winds  around  it;  and  that  from  its  upper 
part  are  given  off  three  large  trunks,  which  supply  the  head,  neck,  and  upper  extremities.  An 
aneurismal  tumor  taking  origin  from  the  posterior  part  of  the  vessel,  its  most  usual  site,  may 
press  upon  the  trachea  and  give  rise  to  the  sign  known  as  tracheal  tugging,  impede  the  breathing, 
or  produce  cough,  dyspnoea,  bronchiectasis,  hemoptysis,  or  stridulous  breathing,  or  it  may  ulti- 
mately burst  into  that  tube,  producing  fatal  hemorrhage.  Again,  its  pressure  on  the  left  recurrent 
nerve  may  give  rise  to  symp'toms  of  larjTigeal  paralysis;  or  it  may  press  upon  the  thoracic  duct 
and  destroy  life  by  inanition;  or  it  may  involve  the  oesophagus,  producing  dysphagia,  and  has 
not  infrequently  been  mistaken  for  cpsophageal  stricture;  or  it  may  burst  into  the  oesophagus, 
when  fatal  hemorrhage  will  occur.     Compression  or  stretching  of  the  sympathetic  filaments 

*  Rev.  de  M6d.,  Paris.  1903. 
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may,  in  the  former  case,  produce  dilatation  of  the  pupil;  in  the  latter,  contraction,  if  the  con- 
ducting power  is  abolished,  on  the  affected  side.  This  has  proved  to  be  an  important  diagnostic 
sign  in  this  disease.  Again,  the  innominate  artery,  or  the  subclavian,  or  left  carotid,  may  be  so 
obstructed  by  clots  as  to  produce  a  weakness,  or  even  a  disappearance,  of  the  pulse  in  one  or  the 
other  wrist,  or  in  the  left  superficial  temporal  artery;  or  the  tumor  may  present  itself  at  or  above 
the  manubrium,  generally  either  in  the  median  line,  or  to  the  right  of  the  stemimi,  and  may  sim- 
ulate an  aneurism  of  one  of  the  arteries  of  the  neck. 

Many  of  the  physical  signs  of  an  aortic  aneiuism  may  be  simulated  with  extraordinary  fidelity 
by  the  preternatural  pulsation  or  throbbing  of  a  distended  and  elastic  aorta,  when  no  true  aneu- 
lismal  dilatation  exists.  This  condition  may  be  met  with  in  young  persons  with  aortic  reflux 
and  greatly  hypertrophied  hearts,  in  patients  who  are  of  a  neurotic  or  hysterical  temperament, 
and  in  cases  of  Graves'  disease  or  of  marked  anemia.  The  condition  is  known  as  dynamic  dilata- 
tion of  the  aorta,  and  in  no  way  threatens  Uf e. 

Branches  (Pigs.  5iS3,  584). — ^The  branches  given  off  from  the  arch  of  the  aorta 
are  three  in  number:  the  iimominate,  the  left  common  carotid,  and  the  left  subclavian. 

Peculiarities. — Position  of  the  Branches. — The  branches,  instead  of  arising  from  the  highest 
part  of  the  arch,  may  spring  from  the  conmiencement  of  the  arch  or  upper  part  of  the  ascending 
aorta;  or  the  distance  between  them  at  their  origins  may  be  increased  or  diminished,  the  most 
frequent  change  in  this  respect  being  the  approximation  of  the  left  carotid  toward  the  innominate 
artery. 

The  number  of  the  primary  branches  may  be  reduced  to  one,  or  more  conmionly  two;  the  left 
carotid  arising  from  the  innominate  artery;  or  (more  rarely)  the  carotid  and  subclavian  arteries 
of  the  left  side  arising  from  a  left  innominate  artery.  But  the  number  may  be  increased  to  four, 
from  the  right  carotid  and  subclavian  arteries  arising  directly  from  the  aorta,  the  innominate 
being  absent.  In  most  of  these  latter  cases  the  right  subclavian  has  been  found  to  arise  from  the 
left  end  of  the  arch;  in  other  cases  it  is  the  second  or  third  branch  given  off,  instead  of  the  first. 
Another  common  form  in  which  there  are  four  primary  branches  is  that  in  which  the  left  vertebral 
artery  arises  from  the  arch  of  the  aorta  between  the  left  carotid  and  subclavian  arteries.  Lastly, 
the  number  of  trunks  from  the  arch  may  be  increased  to  five  or  six;  in  these  instances,  the  external 
and  internal  carotids  arise  separately  from  the  arch,  the  common  carotid  being  absent  on  one  or 
both  sides.  In  some  few  cases  six  branches  have  been  found,  and  this  condition  is  associated 
with  the  origin  of  both  vertebral  arteries  from  the  arch. 

Number  Usual,  Arrangement  Different. — ^When  the  aorta  arches  over  to  the  right  side,  the 
three  branches  have  an  arrangement  the  reverse  of  what  is  usual;  the  innominate  artery  is  a  left 
one,  and  the  right  carotid  and  subclavian  arise  separately.  In  other  cases,  where  the  aorta  takes 
its  usual  course,  the  two  carotids  may  be  joined  in  a  conmion  trimk,  and  the  subclavians  arise 
separately  from  the  arch,  the  right  subclavian  generally  arising  from  the  left  end  of  the  arch. 

In  some  instances  other  arteries  spring  from  the  arch  of  the  aorta.  Of  these  the  most  conmion 
are  the  bronchial,  one  or  both,  and  the  th3n*eoidea  ima;  but  the  internal  mammary  and  the  inferior 
thirroid  have  been  seen  to  arise  from  this  vessel. 

The  Innomiiiate  Artery  (A.  Anonyma;  Brachiocephalic  Artery)  (Fig.  583). 

The  innominate  artery  is  the  largest  branch  of  the  arch  of  the  aorta,  and  is  from 
4  to  5  cm.  in  length.  It  arises,  on  a  level  with  the  upper  border  of  the  second 
right  costal  cartilage,  from  the  commencement  of  the  arch  of  the  aorta,  on  a  plane 
anterior  to  the  origin  of  the  left  carotid ;  it  ascends  obliquely  upward,  backward, 
and  to  the  right  to  the  level  of  the  upper  border  of  the  right  sternoclavicular 
articulation,  where  it  divides  into  the  right  common  carotid  and  right  subclavian 
arteries. 

Kelitions. — Anieriorly,  it  is  separated  from  the  manubrium  sterni  by  the  Stemohyoideus  and 
Steraothyreoideus,  the  remains  of  the  thymus,  the  left  innominate  and  right  inferior  thyroid  veins 
which  cross  its  root,  and  sometimes  the  superior  cardiac  branches  of  the  right  vagus.  Posterior 
to  it  is  the  trachea,  which  it  crosses  obliquely.  On  the  right  side  are  the  right  innominate  vein, 
the  superior  vena  cava,  the  right  phrenic  nerve,  and  the  pleura;  and  on  the  left  side^  the  remains 
of  the  thymus,  the  origin  of  the  left  conamon  carotid  artery,  the  inferior  thyroid  veins,  and  the 
trachea. 

Branches. — ^The  innominate  artery  usually  gives  off  no  branches;  but  occasion- 
ally a  small  branch,  the  thyreoidea  ima,  arises  from  it.    Sometimes  it  gives  off  a 
thymic  or  bronchial  branch. 
40 
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The  fhyreoidea  ima  (a.  thyreoidea  ima)  ascends  in  front  of  the  trachea  to  the 
lower  part  of  the  thyroid  gland,  which  it  supplies.  It  varies  greatly  in  size,  and 
appears  to  compensate  for  deficiency  or  absence  of  one  of  the  other  thyroid 
vessels.  It  occasionally  arises  from  the  aorta,  the  right  common  carotid,  the 
subclavian  or  the  internal  mammary. 

Pomt  of  Diviflion. — The  innominate  artery  sometimes  divides  above  the  level  of  the  sterno- 
clavicular joint,  less  frequently  below  it. 

Position. — When  the  aortic  arch  is  on  the  right  side,  the  innominate  is  directed  to  the  left  side 
of  the  neck. 

Collateral  Circulation. — Allan  Bums  demonstrated,  on  the  dead  subject,  the  possibility  of  the 
establishment  of  the  collateral  circulation  after  ligature  of  the  innominate  artery,  by  tying  and 
dividing  that  artery.  He  then  found  that  ''Even  coarse  injection,  impelled  into  the  aorta,  passed 
freely  by  the  anastomosing  branches  into  the  arteries  of  the  right  arm,  filling  them  and  all  the 
vessels  of  the  head  completely.''^  The  branches  by  which  this  circulation  would  be  carried  on 
are  very  nmnerous;  thus,  all  the  communications  across  the  middle  line  between  the  branches 
of  the  carotid  arteries  of  opposite  sides  would  be  available  for  the  supply  of  blood  to  the  right 
side  of  the  head  and  neck;  while  the  anastomosis  between  the  costocervicsd  of  the  subclavian  and 
the  first  aortic  intercostal  (see  infra  on  the  collateral  circulation  after  obliteration  of  the  thoracic 
aorta)  would  bring  the  blood,  by  a  free  and  direct  course,  into  the  right  subclavian.  The  numerous 
connections,  also,  between  the  intercostal  arteries  and  the  branches  of  the  axillary  and  internal 
mammary  arteries  would,  doubtless,  assist  in  the  supply  of  blood  to  the  right  arm,  while  the 
inferior  epigastric  from  the  external  iliac  would,  by  means  of  its  anastomosis  with  the  internal 
mammary,  compensate  for  any  deficiency  in  the  vascularity  of  the  wall  of  the  chest. 

Applied  Anatomy. — ^Aneurism  of  the  innominate  artery  not  infrequently  occurs  as  an  accom- 
paniment to  aneurism  of  the  arch  of  the  aorta.  It  causes  bulging  of  the  right  sternoclavicular 
articulation,  pushing  forward  the  Stemocleidomastoideus  muscle  and  filling  up  the  jugular 
notch.  It  produces  serious  pressure  symptoms;  from  pressure  on  the  innominate  veins  it  may 
cause  oedema  of  the  upper  extremities,  and  of  the  head  and  neck;  from  pressure  on  the  trachea 
it  produces  dyspncea;  and  from  pressure  on  the  right  recurrent  nerve,  hoarseness  and  laryngeal 
cough. 

Although  the  operation  of  tying  the  innominate  artery  has  been  performed  by  several  surgeons, 
not  many  successes  have  been  recorded.  The  chief  danger  of  the  operation  appears  to  be  the 
frequency  of  secondary  hemorrhage;  but  in  the  present  day,  with  the  practice  of  aseptic  surgery 
and  our  greater  knowledge  of  the  use  of  the  ligature,  more  favorable  results  may  be  anticipated. 
The  main  obstacles  to  the  operation  are,  the  deep  situation  of  the  artery  behind  the  sternum, 
and  the  number  of  important  structures  which  smround  it. 

In  order  to  apply  a  ligature  to  this  vessel,  the  patient  is  to  be  placed  upon  his  back  with  the 
thorax  slightly  raised,  the  head  bent  a  little  backward,  and  the  right  shoulder  strongly  depressed, 
so  as  to  draw  out  the  artery  from  behind  the  stemimi  into  the  neck.  An  incision  7  cm.  or  more 
in  length  is  then  made  along  the  anterior  border  of  the  Stemocleidomastoideus,  terminating  at 
the  sternal  end  of  the  clavicle.  From  this  point,  a  second  incision  is  carried  about  the  same 
length  along  the  upper  border  of  the  clavicle.  The  skin  is  then  dissected  back,  and  the  Platysma 
divided;  the  sternal  end  of  the  Stemocleidomastoideus  is  now  brought  into  view,  and  a  director 
being  passed  beneath  it,  and  close  to  its  deep  surface  so  as  to  avoid  any  small  vessels,  it  is  to  be 
divided;  in  like  manner  the  clavicular  origin  is  to  be  divided  throughout  the  whole  or  greater 
part  of  its  attachment.  By  pressing  aside  any  loose  cellular  tissue  or  vessels  that  may  now  appear, 
the  Stemohyoideus  and  Stemoth3n*eoideus  muscles  will  be  exposed,  and  must  be  divided.  The 
inferior  thyroid  veins  may  come  into  view,  and  must  be  carefully  drawn  either  upward  or  down- 
ward, by  means  of  a  blunt  hook,  or  tied  with  double  ligatures  and  divided.  After  tearing  through 
a  strong  fibrocellular  lamina,  the  right  common  carotid  is  brought  into  view,  and  being  traced 
downward,  the  innominate  artery  is  reached.  The  left  innominate  vein  should  now  be  depressed ; 
the  right  innominate  vein,  the  internal  jugular  vein,  and  the  vagus  nerve  drawn  to  the  light 
side;  and  a  curved  aneurism  needle  may  then  be  passed  aroimd  the  vessel,  close  to  its  surface, 
and  in  a  direction  from  below  upward  and  medially;  care  being  taken  to  avoid  the  right  pleural 
sac,  the  trachea,  and  cardiac  nerves.  The  ligature  should  be  applied  to  the  artery  as  high  as 
possible,  in  order  to  allow  room  between  it  and  the  aorta  for  the  formation  of  the  coagulum. 
The  importance  of  avoiding  the  thyroid  plexus  of  veins  during  the  primary  steps  of  the  operation, 
and  the  pleural  sac  while  including  the  vessel  in  the  ligature,  should  be  most  carefully  borne  in 
mind. 

*  Surgical  Anatomy  of  the  Head  and  Neck,  p.  62. 
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THE  ABTERIE8  OF  THE  HEAD  AND  NECK. 

The  principal  arteries  of  supply  to  the  head  and  neck  are  the  two  common 
carotids;  they  ascend  in  the  neck  and  each  divides  into  two  branches,  viz.,  (1)  the 
external  carotid,  supplying  the  exterior  of  the  head,  the  face,  and  the  greater  part 
of  die  neck;  (2)  the  internal  carotid,  supplying  to  a  great  extent  the  parts  within 
the  cranial  and  orbital  cavities. 

THE  COMMON  CAROTID  ABTEBT  (A.  CABOTIS  COMMUNIS). 

The  common  carotid  arteries  differ  in  length  and  in  their  mode  of  origin.  The 
right  begins  at  the  bifurcation  of  the  innominate  artery  behind  the  sternoclavicular 
joint  and  is  confined  to  the  neck.  The  left  springs  from  the  highest  part  of  the 
arch  of  the  aorta  to  the  left  of,  and  on  a  plane  posterior  to  the  innominate  artery, 
and  therefore  consists  of  a  thoracic  and  a  cervical  portion. 

The  thoracic  portion  of  the  left  common  carotid  artery  ascends  from  the  arch  of 
the  aorta  through  the  superior  mediastinal  cavity  to  the  level  of  the  left  sterno- 
clavicular joint,  where  it  is  continuous  with  the  cervical  portion. 

Belatiosui. — In  front,  it  is  separated  from  the  manubrium  stemi  by  the  Stemohyoideus  and 
Stemothyreoideus,  the  anterior  portions  of  the  left  pleura  and  lung,  the  left  innominate  vein, 
and  the  remains  of  the  thymus;  behind ^  it  lies  on  the  trachea,  oesophagus,  left  recmrent  nerve, 
and  thoracic  duct.  To  its  right  side  below  is  the  innominate  artery,  and  above,  the  trachea,  the 
inferior  thyroid  veins,  and  the  remains  of  the  thymus;  to  its  left  side  are  the  left  vagus  and  phrenic 
nerves,  left  pleura,  and  lung.    The  left  subclavian  artery  is  posterior  and  slightly  lateral  to  it. 

The  cervical  portions  of  the  common  carotids  resemble  each  other  so  closely 
that  one  description  will  apply  to  both  (Fig.  585).  Each  vessel  passes  obliquely 
upward,  from  behind  the  sternoclavicular  articulation,  to  the  level  of  the  upper 
border  of  the  thyroid  cartilage,  where  it  divides  into  the  external  and  internal 
carotid  arteries. 

At  the  lower  part  of  the  neck  the  two  common  carotid  arteries  are  separated 
from  each  other  by  a  very  narrow  interval  which  contains  the  trachea;  but  at  the 
upper  part,  the  thyroid  gland,  the  larynx  and  pharynx  project  fon^^ard  between 
the  two  vessels.  The  common  carotid  artery  is  contained  in  a  sheath,  which  is 
derived  from  the  deep  cervical  fascia  and  encloses  also  the  internal  jugular  vein 
and  vagus  nerve,  the  vein  lying  lateral  to  the  artery,  and  the  nerve  between  the 
arterj'  and  vein,  on  a  plane  posterior  to  both.  On  opening  the  sheath,  each  of 
these  three  structures  is  seen  to  have  a  separate  fibrous  investment. 

Belationa. — At  the  lower  part  of  the  neck  the  common  carotid  artery  is  very  deeply  seated, 
being  covered  by  the  integument,  superficial  fascia,  Platysma,  and  deep  cervical  fascia,  the  Stemo- 
cleklomastoideus,  Stemohyoideus,  Stemothyreoideus,  and  Omohyoideus;  in  the  upper  part  of 
its  oouise  it  is  more  supei^cial,  being  covered  merely  by  the  integument,  the  superficial  fascia, 
Platysma,  deep  cervical  fascia,  and  medial  margin  of  the  Stemocleidomastoideus.  When  the 
latter  muscle  is  drawn  backward,  the  artery  is  seen  to  be  contained  in  a  triangular  space,  the 
carotid  triangle,  boimded  behind  by  the  Stemocleidomastoideus,  above  by  the  Stylohyoideus 
and  posterior  belly  of  the  Digastricus,  and  below  by  the  superior  belly  of  the  Omohyoideus. 
This  part  of  the  artery  is  crossed  obliquely,  from  its  medial  to  its  lateral  side,  by  the  sterno- 
cleidomastoid branch  of  the  superior  thyroid  artery;  it  is  also  crossed  by  the  superior  and  middle 
thyroid  veins  which  end  in  the  internal  jugular;  descending  in  front  of  its  sheath  is  the  descending 
branch  of  the  hypoglossal  nerve,  this  filament  being  joined  by  one  or  two  branches  from  the 
cer\ical  nerves,  which  cross  the  vessel  obliquely.  Sometimes  the  descending  branch  of  the  hypo- 
glossal nerve  is  contained  within  the  sheath.  The  superior  thyroid  vein  crosses  the  artery  near 
its  teraiination,  and  the  middle  thyroid  vein  a  little  below  the  level  of  the  cricoid  cartilage;  the 
anterior  jugular  vein  crosses  the  artery  just  above  the  clavicle,  but  is  separated  from  it  by  the 
Stemohyoideus  and  Stemothyreoideus.  Behind^  the  artery  is  separated  from  the  transverse 
processes  of  the  cervical  vertebrae  by  the  Longus  colli  and  Longus  capitis,  the  sympathetic  trunk 
being  interposed  between  it  and  the  muscles.  The  inferior  thyroid  artery  crosses  behind  the 
lower  part  of  the  vessel.  Medially,  it  is  in  relation  with  the  oesophagus,  trachea,  and  thyroid 
gland  (which  overlaps  it),  the  inferior  thyroid  artery  and  recurrent  ner\'^e  being  interposed;  higher 
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up,  with  the  larynx  and  pharynx.    Lateral  to  the  srtery  are  the  intefnal  juguUr  vein  and  vagua 

At  the  lower  part  of  the  neck,  the  right  recurrent  nerve  crosses  obliquely  behind  the  artery; 
the  right  internal  jugular  vein  diverges  from  the  artery,  but  the  left  approaches  and  often  over- 
laps the  lower  part  of  the  artery. 

Behind  the  angle  of  bifurcation  of  the  common  carotid  artery  is  a  reddish-brown  oval  body, 
known  as  the  flomna  euoticum  {carotid  body).  It  is  similar  in  stnicture  to  the  iSomiU  eoccj(enm 
(pxxygeal  body)  which  is  situated  on  the  middle  sacral  artery. 


Fio.  SS5.~8upe[ficiil  diueotion  of  the  ri(tat  Bide  of  lbs  neck,  ahowinc  Ihe  cuotid  aad  labolBtiiD  mrterisL 

PMUlikritiSB  u  to  Orifla.^The  right  common  carotid  may  arise  above  the  level  of  the  upper 
border  of  the  sternoclavicular  articulation;  this  variation  occurs  in  about  12  per  cent,  of  cases. 
In  other  cases  the  artery  may  arise  as  a  separate  branch  from  the  arch  of  the  aorta,  or  in  con- 
junction with  the  left  carotid.  The  Ufi  common  carotid  varies  in  its  origin  more  than  the  right. 
In  the  majority  of  abnormal  cases  it  arises  with  the  innominate  artery;  if  that  artery  ia  absent, 
the  two  carotida  arise  usually  by  a  single  trunk.  It  is  rarely  joined  with  the  left  subclavian, 
except  in  cases  of  transpiosilion  of  the  aortic  arch. 

P«Cilliariti«B  U  to  Point  of  DiTiaion.— In  the  majority  of  abnormal  cases  this  occurs  higher 
than  UBual,  the  artery  dividii^  opposite  or  even  above  the  hyoid  bone;  more  rarely,  it  occurs 
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below,  opposite  the  middle  of  the  lar3aix,  or  the  lower  border  of  the  cricoid  cartilage;  one  case 
is  related  by  Morgagni,  where  the  artery  was  only  4  cm.  in  length  and  divided  at  the  root  of  the 
neck.  Very  rarely,  the  common  carotid  ascends  in  the  neck  without  any  subdivision,  either  the 
external  or  the  internal  carotid  being  wanting;  and  in  a  few  cases  the  conunon  carotid  has  been 
found  to  be  absent,  the  external  and  internal  carotids  arising  directly  from  the  arch  of  the  aorta. 
This  peculiarity  existed  on  both  sides  in  some  instances,  on  one  side  in  others. 

Oecaaioiud  Branches. — The  conmion  carotid  usually  gives  off  no  branch  previous  to  its  bifurca- 
tion, but  it  occasionally  gives  origin  to  the  superior  thyroid  or  its  laryngeal  branch,  the  ascend- 
ing pharsmgeal,  the  inferior  th3rroid,  or,  more  rarely,  the  vertebral  artery. 

Applied  Anatomy. — Aneurisms  are  not  commonly  met  with  on  the  common  carotid;  when  they 
do  occur  they  are  usually  situated  low  down  at  the  root  of  the  neck,  or  just  below  the  point  of 
bifurcation  of  the  vessel.  They  do  not  frequently  assume  a  large  size,  and  are  more  commonly 
found  on  the  right  side.  As  they  increase  in  size  they  displace  the  trachea  and  larynx,  and  there- 
fore dyspnoea  becomes  a  prominent  symptom.  Dysphagia  also  may  be  present  from  pressure 
on  the  oesophagus,  especially  if  the  aneurism  is  on  the  left  side;  and  pressure  on  the  recurrcint 
nerve  may  produce  hoarseness  and  laryngeal  cough.  Pressure  on  the  sympathetic  will  cause 
pupillary  changes — dilatation  of  the  pupil  when  the  sympathetic  is  irritated,  contraction  when 
it  has  become  paralyzed — and  may  also  give  rise  to  unilateral  sweating.  Pressure  on  the  super- 
ficial branches  of  the  cervical  plexus  may  give  rise  to  pain  in  the  head,  face,  and  neck;  pressure 
on  the  vagus  to  irregular  action  of  the  heart  and  to  asthmatic  attacks.  It  is  important  to  bear 
in  mind,  that  an  enlarged  lymph  gland  in  the  superior  carotid  triangle,  receiving  a  transmitted 
pulsation  from  the  carotid  artery,  may  simulate  aneurism  of  that  vessel,  but  may  be  distinguished 
from  it  by  the  character  of  the  pulsation,  which  is  not  distensile. 

Embolism  of  the  left  conunon  carotid  has  been  known  to  produce  aphasia  by  interference 
with  the  blood  supply  of  the  brain. 

Diffital  compression  of  the  common  carotid  is  sometimes  required,  and  is  best  effected  by 
compressing  the  vessel  with  the  thumb  against  the  anterior  tubercle  of  the  transverse  process 
of  the  sixth  cervical  vertebra  (see  p.  199). 

Ligatttre  of  the  coinmon  carotid  artery  may  be  necessary  in  a  case  of  wound  of  that  vessel 
or  its  branches,  in  aneurism,  or  in  a  case  of  pulsating  tumor  of  the  orbit  or  skull.    If  the  woimd 
involves  the  trunk  of  the  conunon  carotid,  it  will  be  necessary  to  tie  the  artery  above  and  below 
the  wounded  part.    In  cases  of  aneurism,  the  whole  of  the  artery  is  accessible,  and  any  part  of 
it  may  be  tied.    When  the  case  is  such  as  to  allow  of  a  choice  being  made,  the  upper  part  of  the 
carotid  should  be  selected  as  the  spot  upon  which  to  place  a  ligature,  for  the  lower  part  of  the 
vessel  is  placed  very  deeply  in  the  neck,  and  is  covered  by  three  layers  of  muscles;  moreover, 
on  the  left  side,  the  internal  jugular  vein,  in  the  great  majority  of  cases,  passes  obliquely  in  front 
of  it.  The  part  of  the  vessel  which  is  most  favorable  for  the  operation  is  that  opposite  the  level 
of  the  cricoid  cartilage.    It  occasionally  happens  that  the  carotid  artery  bifurcates  below  its 
usual  position;  if  the  artery  be  exposed  at  its  point  of  bifurcation,  both  divisions  of  the  vessel 
should  be  tied  near  their  origin,  in  preference  to  tying  the  trunk  of  the  artery  near  its  termina- 
tion; and  if,  in  consequence  of  the  entire  absence  of  the  common  carotid,  or  from  its  early  divi- 
sion, two  arteries,  the  external  and  internal  carotids,  are  met  with,  the  hgatiure  should  be  placed 
on  that  vessel  which  is  found  on  compression  to  be  connected  with  the  diseased  area. 

In  this  operation,  the  direction  of  the  vessel  and  the  anterior  margin  of  the  Stemocleido- 
mastoideus  are  the  chief  guides  to  its  performance.  The  patient  should  be  placed  on  his  back 
with  the  head  extended  and  tmned  slightly  to  the  opposite  side;  an  incision  is  to  be  made,  7  or 
8  cm.  bng,  in  the  direction  of  the  anterior  border  of  the  Stemocleidomastoideus,  so  that  the 
centre  corresponds  to  the  level  of  the  cricoid  cartilage.  After  dividing  the  integmnent,  super- 
ficial fascia,  Platysm^,  and  deep  fascia,  the  margins  of  the  wound  are  held  asunder  by  retractors, 
and  the  ramus  descendens  hypoglossi  is  now  exposed,  and  must  be  avoided.  The  sheath  of  the 
vessel  is  to  be  raised  by  forceps,  and  opened  to  a  small  extent  over  the  artery  at  its  medial  side. 
The  internal  jugular  vein  may  present  itself  alternately  distended  and  relaxed,  and  must  be 
carefully  avoided.  The  aneurism  needle  is  passed  from  the  lateral  aspect,  care  being  taken  to 
keep  the  needle  in  close  contact  with  the  artery,  and  thus  avoid  the  risk  of  injuring  the  internal 
jugular  vein,  or  including  the  vagus  nerve.  Before  the  ligature  is  tied,  it  should  be  ascertained 
tb&t  nothing  but  the  artery  is  included  in  it. 

Ligature  of  the  common  carotid  near  the  root  of  the  neck  is  sometimes  required  in  cases  of 
aneurism  of  the  upper  part  of  the  carotid,  especially  if  the  sac  is  of  large  size.  It  is  best  performed 
by  dividing  the  sternal  origin  of  the  Stemocleidomastoideus,  but  may  be  done  in  some  cases, 
if  the  aneurism  is  not  of  very  large  size,  by  an  incision  along  the  anterior  border  of  the  muscle, 
extending  down  to  the  sternoclavicular  articulation,  and  by  then  retracting  the  muscle.  The 
easiest  and  best  plan,  however,  is  to  make  an  incision  5  to  7  cm.  long  down  the  lower  part  of  the 
anterior  border  of  the  Stemocleidomastoideus  to  the  sternoclavicular  joint,  and  a  second  inci- 
sion, starting  from  the  termination  of  the  first,  along  the  upper  border  of  the  clavicle  for  about 
5  cm.  This  incision  is  made  through  the  superficial  and  deep  fascise  and  the  sternal  origin  of  the 
muscle  is  exposed.    This  is  to  be  divided  on  a  director  and  turned  up,  with  the  superficial  struc- 
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tures,  as  a  triangular  flap.  Some  loose  connective  tissue  is  to  be  divided  or  torn  through,  and 
the  lateral  border  of  the  Stemohyoideus  exposed.  In  doing  this,  care  must  be  taken  not  to  wound 
the  anterior  jugular  vein,  which  crosses  this  muscle  to  reach  the  external  jugular  or  subclavian 
vein.  The  Stemohyoideus  and  Stemothyreoideus  are  to  be  drawn  medial  ward  by  means  of  a 
retractor,  and  the  sheath  of  the  vessel  exposed.  This  must  be  opened  on  its  medial  or  tracheal 
side,  so  as  to  avoid  the  internal  jugular  vein.  Special  care  is  necessary  on  the  left  side,  where 
the  artery  is  commonly  overlapped  by  the  vein;  on  the  right  side  there  is  usually  an  interval 
between  the  artery  and  the  vein,  and  the  risk  of  woimding  the  latter  is  less. 

The  conmion  carotid  artery,  being  a  long  vessel  without  any  branches,  is  particularly  suit- 
able for  the  performance  of  Brasdor's  operation  for  the  cure  of  an  aneurism  of  the  lower  part 
of  the  vessel.  Brasdor's  procedure  consists  in  ligaturing  the  artery  on  the  distal  side  of  the  aneu- 
rism, and  in  the  case  of  the  conmion  carotid  there  are  no  branches  given  off  from  the  vessel  between 
the  aneurism  and  the  site  of  the  ligature;  hence  the  flow  of  blood  through  the  sac  of  the  aneurism 
is  diminished,  and  cure  takes  place  in  the  usual  way  by  the  deposit  of  laminated  fibrin. 

Collateral  Circnlation. — ^After  ligature  of  the  common  carotid,  the  collateral  circulation  can 
be  perfectly  established,  by  the  free  communication  which  exists  between  the  carotid  arteries 
of  opposite  sides,  both  without  and  within  the  cranium,  and  by  enlargement  of  the  branches  of 
the  subcla\'ian  artery  on  the  side  corresponding  to  that  on  which  the  vessel  has  been  tied.  The 
chief  coQununications  outside  the  skull  take  place  between  the  superior  and  inferior  thyroid 
arteries,  and  the  profunda  cervicis  and  ramus  descendens  of  the  occipital;  the  vertebral  takes 
the  place  of  the  internal  carotid  within  the  cranium. 

The  External  Carotid  Artery  (A.  Carotis  Externa)  (Fig.  585). 

The  external  carotid  artery  begins  opposite  the  upper  border  of  the  thyroid 
cartilage,  and,  taking  a  slightly  curved  course,  passes  upward  and  forward,  and 
then  inclines  backward  to  the  space  behind  the  neck  of  the  mandible,  where  it 
divides  into  the  superficial  temporal  and  internal  maxillary  arteries.  It  rapidly 
diminishes  in  size  in  its  course  up  the  neck,  owing  to  the  number  and  large  size 
of  the  branches  given  oflF  from  it.  In  the  child,  it  is  somewhat  smaller  than  the 
internal  carotid;  but  in  the  adult,  the  two  vessels  are  of  nearly  equal  size.  At  its 
origin,  this  artery  is  more  superficial,  and  placed  nearer  the  middle  line  than  the 
internal  carotid,  and  is  contained  within  the  carotid  triangle. 

BalationB. — ^The  external  carotid  artery  is  covered  by  the  skin,  superficial  fascia,  Platysma' 
deep  fascia,  and  anterior  margin  of  the  Sternocleidomastoideus;  it  is  crossed  by  the  hypoglossal 
nerve,  by  the  lingual,  ranine,  common  facial,  and  superior  thyroid  veins;  and  by  the  Digastricus 
and  Stylohyoideus;  higher  up  it  passes  deeply  into  the  substance  of  the  parotid  gland,  where 
it  lies  deep  to  the  facial  nerve  and  the  junction  of  the  temporal  and  internal  maxillary  veins. 
Medial  to  it  are  the  hyoid  bone,  the  wall  of  the  pharynx,  the  superior  laryngeal  nerve,  and  a 
portion  of  the  parotid  gland.  Lateral  to  it,  in  the  lower  part  of  its  course,  is  the  internal  carotid 
artery.  Posterior  to  it,  near  its  origin,  is  the  superior  laryngeal  nerve;  and  higher  up,  it  is  sepa- 
rated from  the  internal  carotid  by  the  Styloglossus  and  Stylopharyngeus,  the  glossopharyngeal 
nerve,  the  pharyngeal  branch  of  the  vagus,  and  part  of  the  parotid  gland. 

Applied  Anatomy. — Ligature  of  the  external  carotid  may  be  required  in  cases  of  wound  of  this 
vessel  or  of  its  branches  when  these  cannot  be  tied,  and  in  some  cases  of  pulsating  tumors  of  the 
scalp  or  face.  It  is  also  done  as  a  prehminary  measure  to  excision  of  the  maxilla.  The  seat  of 
election  for  ligature  is  between  the  origins  of  its  superior  thjrroid  and  lingual  branches,  about  a 
finger's  breadth  below  the  tip  of  the  greater  cornu  of  the  hyoid  bone.  To  tie  the  vessel,  an  inci- 
sion is  made  from  the  angle  of  the  mandible  to  the  upper  border  of  the  thyroid  cartilage,  and 
the  superficial  tissues  and  the  deep  fascia  divided.  The  anterior  border  of  the  Sternocleido- 
mastoideus must  be  retracted  and  the  lower  border  of  the  parotid  gland  raised,  ^  as  to  expose* 
the  tendon  of  the  Digastricus  and  the  hypoglossal  nerve,  which  cross  the  artery.  The  great 
difficulty  in  doing  this  is  due  to  the  plexus  of  veins  derived  from  tlie  superior  thyroid  and  lingual 
veins,  which  overlie  the  artery.  If  necessary,  these  must  be  ligatured  and  divided.  Care  must 
be  taken  not  to  mistake  the  lingual  and  external  maxillary,  when  they  arise  by  a  common  trunk, 
as  they  sometimes  do,  for  the  external  carotid.  The  needle  is  to  be  passed  from  the  lateral  to 
the  medial  side  of  the  vessel,  carefully  avoiding  the  superior  laryngeal  ner\'e,  which  lies  in  close 
proximity  to  the  artery.  The  circulation  is  at  once  reestablished  by  the  free  communication 
between  most  of  the  large  branch(»H  of  the  artery  (external  maxillary,  lingual,  superior  thjToid. 
occipital)  and  the  corresponding  arteries  of  the  opposite  side,  and  by  the  anastomosis  of  itj^ 
branches  with  those  of  the  internal  carotid,  and  of  the  occipital  with  branchesof  the  subclaxnan.  etc. 

Branches.    The  branches  of  the  external  carotid  artery  may  be  divided  into  four 

sets. 
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Antericr.  Posterior.  Ascending,  Terminal, 

Superior  Thyroid.       Occipital.  Ascending        Superficial  Temporal. 

Lingual.  Posterior  Auricular.      Pharyngeal.     Internal  Maxillary. 

External  Maxillarv. 

1.  The  superior  thyroid  artery  (a.  thyreoidea  superior)  (Fig.  585)  arises  from 
the  external  carotid  artery  just  below  the  level  of  the  greater  cornu  of  the  hyoid 
bone  and  ends  in  the  thyroid  gland. 

BeUtions. — From  its  origin  under  the  anterior  border  of  the  Stemocleidomastoideus  it  runs 
upward  and  forward  for  a  short  distance  in  the  carotid  triangle,  where  it  is  covered  by  the  skin, 
Platysma,  and  fascia;  it  then  arches  downward  beneath  the  Omohyoideus,  Stemohyoideus,  and 
Stemothyreoideus.  To  its  medial  side  are  the  Constrictor  pharyngis  inferior  and  the  external 
branch  of  the  superior  laryngeal  nerve. 

Branches. — It  distributes  twigs  to  the  adjacent  muscles,  and  numerous  branches 
to  the  thyroid  gland,  anastomosing  with  its  fellow  of  the  opposite  side,  and  with 
the  inferior  thyroid  arteries.  The  branches  to  the  gland  are  generally  two  in 
number;  one,  tie  larger,  supplies  principally  the  anterior  surface;  on  the  isthmus 
of  the  gland  it  anastomoses  with  the  corresponding  artery  of  the  opposite  side: 
a  second  branch  descends  on  the  posterior  surface  of  the  gland  and  anastomoses 
with  the  inferior  thyroid  artery. 

Besides  the  arteries  distributed  to  the  muscles  and  to  the  thyroid  gland,  the 
branches  of  the  superior  thyroid  are: 

Hyoid.  Superior  Laryngeal. 

Sternocleidomastoid.  Cricothyroid. 

The  Hyoid  Branch  {ramus  hyoideus;  infrahyoid  branch)  is  small  and  runs  along 
the  lower  border  of  the  hyoid  bone  beneath  the  Thyreohyoideus  and  anastomoses 
with  the  vessel  of  the  opposite  side. 

The  Sternocleidomastoid  Branch  {ramus  stemocleidomastoideus;  stemomastoid 
branch)  runs  downward  and  lateralward  across  the  sheath  of  the  common  carotid 
arter>',  and  supplies  the  Stemocleidomastoideus  and  neighboring  muscles  and 
integument;  it  frequently  arises  as  a  separate  branch  from  the  external  carotid. 

The  Superior  Larjmgeal  Artery  (a.  laryngea  superior),  larger  than  either  of  the 
preceding,  accompanies  the  internal  laryngeal  branch  of  the  superior  laryngeal 
nerve,  beneath  the  Thyreohyoideus;  it  pierces  the  hyothyroid  membrane,  and 
supplies  the  muscles,  mucous  membrane,  and  glands  of  the  larynx,  anastomosing 
with  the  branch  from  the  opposite  side. 

The  Cricothyroid  Branch  {ramus  cricothyreoideus)  is  small  and  runs  transversely 
across  the  cricothyroid  membrane,  communicating  with  the  artery  of  the  opposite 
side. 

Applied  Anatomy. — ^The  superior  thyroid,  or  one  of  its  branches,  is  often  divided  in  cases  of 
cut  throat,  giving  rise  to  considerable  hemorrhage.  In  such  cases,  the  artery  should  be  secured, 
the  wound  being  enlarged  for  that  purpose,  if  necessary.  The  operation  may  be  easily  performed, 
the  artery  being  very  superficial,  and  the  only  structures  of  importance  covering  it  being  a  few 
small  veins.  The  operation  of  tying  the  superior  thyroid  artery  in  bronchocele  has  been  per- 
formed, but  the  collateral  circulation  between  this  vessel  and  the  artery  of  the  opposite  side,  and 
the  inferior  thyroid,  is  so  free  that  the  operation  has  been  given  up,  especially  as  better  results 
are  obtained  by  other  means. 

The  position  of  the  sternocleidomastoid  branch  is  of  importance  in  connection  with  the  opera- 
tion of  ligature  of  the  conmion  carotid  artery.  It  crosses  and  lies  on  the  sheath  of  this  vessel  and 
may  chance  to  be  wounded  in  opening  the  sheath.  The  position  of  the  cricothyroid  branch  should 
be  remembered,  as  it  may  prove  the  source  of  troublesome  hemorrhage  during  the  operation  of 
laryngotomy. 

2.  The  lin^n^  artery  (a.  lingualis)  (Fig.  590)  arises  from  the  external  carotid 
between  the  superior  thyroid  and  external  maxillary;  it  first  runs  obliquely  upward 
and  medialward  to  the  greater  cornu  of  the  hyoid  bone;  it  then  curves  downward 
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and  forward,  forming  a  loop  which  is  crossed  by  the  hypoglossal  nerve,  and  passing 
beneath  the  Digastricus  and  Stylohyoideus  it  runs  horizontally  forward,  beneath 
the  Hyoglossus,  and  finally,  ascending  almost  perpendicularly  to  the  tongue,  turns 
forward  on  its  lower  surface  as  far  as  the  tip,  under  the  name  of  the  profunda 
linipiae. 

Relations. — ^Its  first,  or  oblique,  portion  is  superficial,  and  is  contained  within  the  carotid 
triangle;  it  rests  upon  the  Constrictor  pharyngis  medius,  and  is  covered  by  the  Platysma  and 
the  fascia  of  the  neck.  Its  second,  or  curved,  portion  also  lies  upon  the  Constrictor  pharyngis 
medius,  being  covered  at  first  by  the  tendon  of  the  Digastricus  and  by  the  Stylohyoideus,  and 
afterward  by  the  Hyoglossus.  Its  third,  or  horizontal,  portion  lies  between  the  Hyoglossus  and 
Genioglossus.  The  fourth,  or  terminal  part,  imder  the  name  of  the  profunda  lingnaa  (ranine 
artery)  runs  along  the  under  surface  of  the  tongue  to  its  tip;  here  it  is  superficial,  being  covered 
only  by  the  mucous  membrane;  above  it  is  the  LongitudinaUs  inferior,  and  on  the  medial  side 
the  Genioglossus.  The  hypoglossal  nerve  crosses  the  first  part  of  the  lingual  artery,  but  is  sepa- 
rated from  the  second  part  by  the  Hyoglossus.  • 

Branches. — ^The  branches  of  the  lingual  artery  are: 

Hyoid.  Sublingual. 

Dorsales  linguae.  Profunda  linguae. 

The  Hyoid  Branch  {ramus  hyoideus;  suprahyoid  branch)  runs  along  the  upper 
border  of  the  hyoid  bone,  supplying  the  muscles  attached  to  it  and  anastomosing 
with  its  fellow  of  the  opposite  side. 

The  Arteriae  Dorsales  Lininiae  {rami  dorsales  lingu>ae)  consist  usually  of  two  or 
three  small  branches  which  arise  beneath  the  Hyoglossus;  they  ascend  to  the  back 
part  of  the  dorsum  of  the  tongue,  and  supply  the  mucous  membrane  in  this  situa- 
tion, the  glossopalatine  arch,  the  tonsil,  soft  palate,  and  epiglottis;  anastomosing 
with  the  vessels  of  the  opposite  side. 

The  Sablinipial  Artery  (a.  sublingiudis)  arises  at  the  anterior  margin  of  the  Hyo- 
glossus, and  runs  forward  between  the  Genioglossus  and  Mylohyoideus  to  the  sub- 
lingual gland.  It  supplies  the  gland  and  gives  branches  to  the  Mylohyoideus  and 
neighboring  muscles,  and  to  the  mucous  membrane  of  the  mouth  and  gums.  One 
branch  runs  behind  the  alveolar  process  of  the  mandible  in  the  substance  of  the 
gum  to  anastomose  with  a  similar  artery  from  the  other  side;  another  pierces 
the  Mylohyoideus  and  anastomoses  with  the  submental  branch  of  the  external 
maxillary  artery. 

The  Axteria  Profunda  Lininiae  {ranine  artery;  deep  lingual  artery)  is  the  terminal 
portion  of  the  lingual  artery;  it  pursues  a  tortuous  course  and  runs  along  the  under 
surface  of  the  tongue,  below  the  Longitudinalis  inferior,  and  above  the  mucous 
membrane;  it  lies  on  the  lateral  side  of  the  Genioglossus,  accompanied  by  the 
lingual  nerve.  At  the  tip  of  the  tongue,  it  is  said  to  anastomose  with  the  artery 
of  the  opposite  side,  but  this  is  denied  by  Hyrtl.  In  the  mouth,  these  vessels  are 
placed  one  on  either  side  of  the  frenulum  linguae. 

Applied  Anatomy. — The  lingual  artery  is  not  infrequently  divided  near  its  origin  in  cases  of 
cut  throat;  while  severe  hemorrhage,  which  cannot  be  restrained  by  ordinary  means,  may  ensue 
from  a  wound,  or  deep  ulcer,  of  the  tongue.  In  the  former  case,  the  primary  wound  may  be 
enlarged  if  necessary,  and  the  bleeding  vessel  secured;  in  the  latter,  it  has  been  suggested  that 
the  lingual  artery  should  be  tied  near  its  origin.  Ligature  of  the  lingual  artery  has  been  also 
occasionally  practised,  as  a  preliminary  measure  to  removal  of  the  tongue.  The  operation  is  a 
difficult  one  on  account  of  the  depth  of  the  artery,  the  number  of  important  parts  by  which  it 
is  surrounded,  and  its  occasional  irregularity  of  origin.  An  incision  is  to  be  made  in  a  curved 
direction  from  a  finger's  breadth  behind  the  symphysis  menti  downward  to  the  comu  of  the 
hyoid  bone,  and  then  upward  to  near  the  angle  of  the  mandible.  Care  must  be  taken  not  to  carry 
this  incision  too  far  backward,  for  fear  of  endangering  the  anterior  facial  vein.  In  the  first  inci- 
sion the  skin,  superficial  fascia,  and  Platysma  will  be  divided,  and  the  deep  fascia  displayed. 
This  is  then  to  be  incised  and  the  submaxillary  gland  exposed  and  pulled  upward  by  retractors. 
A  triangular  space  is  now  seen,  bounded  in  front  by  the  posterior  border  of  the  Mylohyoideus; 
below  and  behind,  by  the  tendon  of  the  Digastricus;  and  above,  by  the  hypoglossal  nerve.  The 
floor  of  the  space  is  formed  by  the  Hyoglossus,  beneath  which  the  artery  lies.    The  parts  are  to 
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"^  drawn  forward  by  a  blunt  hook  inserted  beneath  the  tendon  of  the  Digastriciu,  and  the  fibres 
°^the  HyogloBsus  cut  through  hcHiiontally  just  above  the  Digaslricua.  The  artery  will  then 
^ exposed;  and  in  passing  the  aneurlBm  needle,  care  must  be  taken  not  to  open  the  pharynx. 
'''^  hypoglossal  nerve  must  also  be  avoided. 

I^ublesome  hemorrhage  may  occur  in  the  division  of  the  frenulum  linguae  ip  children,  if  the 
*^  profundae  linguae,  which  lie  one  on  either  side  of  it,  be  wounded.  The  operation  should 
Vi^ys  be  performed  with  a  pur  of  blunt-pointed  scisaors,  and  the  mucous  membrane  alone 
j^^ed  by  a  very  superficial  cut,  which  cannot  endanger  any  vessel.  Any  further  Uberation 
^  the  tongue  which  may  be  necessary  can  be  effected  by  tearing. 


Fio.  Sse.— The  uteriea  ol  Ihe  tice  and  KiLp.' 

3.  The  extem&l  maxillaiy  utery  (a.  Tnaxilians  externa;  facial  artery)  (Fig.  586), 
arises  in  the  carotid  triangle  a  little  above  the  lingual  artery  and,  sheltered  by  the 
ramus  of  the  mandible,  passes  obliquely  up  beneatb  the  Digastricus  and  Stylo- 
hj'oideus,  over  which  it  arches  to  enter  a  groove  on  the  posterior  surface  of  the 
submaxillar^'  gland.  It  then  curves  upward  over  the  body  of  the  mandible  at  the 
sntero-inferior  angle  of  the  Masseter;  passes  forward  and  upward  across  the  cheek 
to  the  angle  of  the  mouth,  then  ascends  along  the  side  of  the  nose,  and  ends  at 
the  medial  commissure  of  the  eye,  under  the  name  of  the  an^ar  arteif.  This 
vessel,  both  in  the  neck  and  on  the  face,  is  remarkably  tortuous:  in  the  former 
situation,  to  accommodate  itself  to  the  movements  of  the  pharynx  in  deglutition; 
and  in  the  latter,  to  the  movements  of  the  mandible,  lips,  and  cheeks. 

ftalationB. — In  the  neck,  its  origin  is  superficial,  being  covered  by  the  integument,  Platysma, 
and  fascia;  it  then  passes  beneath  the  Digastricus  and  Stylohyoideus  muscles  and  part  of  the 
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submaxillary  gland,  and  frequently  beneath  the  h3rpoglo68al  nerve.  It  lies  upon  the  Constrictores 
pharyngis  medius  and  superior,  the  latter  of  which  separates  it,  at  the  summit  of  its  arch,  from 
the  lower  and  back  part  of  the  tonsil.  On  the  face,  where  it  passes  over  the  body  of  the  mandible, 
it  is  comparatively  superficial,  lying  immediately  beneath  the  Platysma.  In  its  course  over  the 
face,  it  is  cov0^  by  the  integument,  the  fat  of  the  cheek,  and,  near  the  angle  of  the  mouth, 
by  the  Platysma,  Risorius,  and  Zygomaticus.  It  rests  on  the  Buccinator  and  Caninus,  and 
passes  either  over  or  under  the  infraorbital  head  of  the  Quadratus  labii  superioris.  The  anterior 
facial  vein  lies  lateral  to  the  artery,  and  takes  a  more  direct  course  across  the  face,  where  it  is 
separated  from  the  artery  by  a  considerable  interval.  In  the  neck  it  lies  superficial  to  the  artery. 
The  branches  of  the  facial  nerve  cross  the  artery  from  behind  forward. 

Branches. — ^The  branches  of  the  artery  may  be  divided  into  two  sets:  those 
given  off  in  the  neck  {cervical) y  and  those  on  the  face  {facial). 

Cervical  Branches.  Facial  Branches. 

Ascending  Palatine.  Inferior  Labial. 

Tonsillar.  Superior  Labial. 

Glandular.  Lateral  Nasal. 

Submental.  Angular. 

Muscular.  Muscular. 

The  Ascending  Palatine  Artery  (a.  palatina  ascendens)  (Fig.  590)  arises  close  to 
the  origin  of  the  external  maxillary  artery  and  passes  up  between  the  Styloglossus 
and  Stylopharyngeus  to  the  side  of  the  pharynx,  along  which  it  is  continued  between 
the  Constrictor  pharyngis  superior  and  the  Pterygoideus  intemus  to  near  the  base 
of  th^  skull.  It  divides  near  the  Levator  veli  palatini  into  two  branches:  one  fol- 
lows the  course  of  this  muscle,  and,  winding  over  the  upper  border  of  the  Constrictor 
pharyngis  superior,  supplies  the  soft  palate  and  the  palatine  glands,  anastomosing 
with  its  fellow  of  the  opposite  side  and  with  the  descending  palatine  branch  of  the 
internal  maxillary  artery;  the  other  pierces  the  Constrictor  pharyngis  superior 
and  supplies  the  palatine  tonsil  and  auditory  tube,  anastomosing  with  the  tonsillar 
and  ascending  pharyngeal  arteries. 

The  Tonsillar  Branch  {ramus  tonsillaris)  (Fig.  590)  ascends  between  the  Ptery- 
goideus internus  and  Styloglossus,  and  then  along  the  side  of  the  pharynx, 
perforating  the  Constrictor  pharyngis  superior,  to  ramify  in  the  substance  of  the 
palatine  tonsil  and  root  of  the  tongue. 

The  Glandular  Branches  {rami  glandulares;  submaxillary  branches)  consist  of  three 
or  four  large  vessels,  which  supply  the  submaxillary  gland,  some  being  prolonged 
to  the  neighboring  muscles,  lymph  glands,  and  integument. 

The  Submental  Artery  (a.  svbmentalis)  the  largest  of  the  cervical  branches,  is 
given  off  from  the  facial  artery  just  as  that  vessel  quits  the  submaxillary  gland: 
it  runs  forward  upon  the  Mylohyoideus,  just  below  the  body  of  the  mandible,, 
and  beneath  the  Digastricus.  It  supplies  the  surrounding  muscles,  and  anastomoses 
with  the  sublingual  artery  and  with  the  mylohyoid  branch  of  the  inferior  alveolar; 
at  the  symphysis  menti  it  turns  upward  over  the  border  of  the  mandible  and 
divides  into  a  superficial  and  a  deep  branch.  The  superficial  branch  passes  between 
the  integument  and  Quadratus  labii  inferioris,  and  anastomoses  with  the  inferior 
labial  artery;  the  deep  branch  runs  between  the  muscle  and  the  bone,  supplies 
the  lip,  and  anastomoses  with  the  inferior  labial  and  mental  arteries. 

The  Inferior  Labial  Artery  (a.  labialis  inferior;  inferior  coronary  artery)  arises  near 
the  angle  of  the  mouth;  it  passes  upward  and  forward  beneath  the  Triangularis 
and,  penetrating  the  Orbicularis  oris,  runs  in  a  tortuous  course  along  the  edge  of 
the  lower  lip  between  this  muscle  and  the  mucous  membrane.  It  supplies  the 
labial  glands,  the  mucous  membrane,  and  the  muscles  of  the  lower  lip;  and  anas- 
tomoses with  the  artery  of  the  opposite  side,  and  with  the  mental  branch  of  the 
inferior  alveolar  artery. 

The  Superior  Labial  Artery  (a.  labialis  superior;  superior  coronary  artery)  is  larger 
and  more  tortuous  than  the  inferior.    It  follows  a  similar  course  along  the  edge 
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of  the  upper  lip,  lying  between  the  mucous  membrane  and  the  Orbicularis  oris, 
and  anastomoses  with  the  artery  of  the  opposite  side.  It  supplies  the  upper  lip, 
and  gives  oflF  in  its  course  two  or  three  vessels  which  ascend  to  the  nose;  a  septal 
branch  ramifies  on  the  nasal  septum  as  far  as  the  point  of  the  nose,  and  an  alar 
branch  supplies  the  ala  of  the  nose. 

The  Lateral  Nasal  branch  is  derived  from  the  external  maxillary  as  that  vessel 
ascends  along  the  side  of  the  nose.  It  supplies  the  ala  and  dorsum  of  the  nose,  anas- 
tomosing with  its  fellow,  with  the  septal  and  alar  branches,  with  the  dorsal  nasal 
branch  of  the  ophthalmic,  and  with  the  infraorbital  branch  of  the  internal  maxillary. 

The  Anipilar  Artery  (a.  angularis)  is  the  terminal  part  of  the  external  maxillary; 
it  ascends  to  the  medial  angle  of  the  orbit,  imbedded  in  the  fibres  of  the- angular 
head  of  the  Quadratus  labii  superioris,  and  accompanied  by  the  angular  vein. 
On  the  cheek  it  distributes  branches  which  anastomose  with  the  infraorbital; 
after  supplying  the  lacrimal  sac  and  Orbicularis  oculi,  it  ends  by  anastomosing 
with  the  dorsal  nasal  branch  of  the  ophthalmic  artery. 

The  Muscular  Branches  in  the  neck  are  distributed  to  the  Pterygoideus  internus  and 
Stylohyoideus,  and  on  the  face  to  the  Masseter  and  Buccinator.  The  anastomoses 
of  the  external  maxillary  artery  are  very  numerous,  not  only  with  the  vessel  of 
the  opposite  side,  but,  in  the  necky  with  the  sublingual  branch  of  the  lingual,  with 
the  ascending  pharyngeal,  and  by  its  ascending  palatine  and  tonsillar  branches 
with  the  palatine  branch  of  the  internal  maxillary;  on  the  face ^  with  the  mental 
branch  of  the  inferior  alveolar  as  it  emerges  from  the  mental  foramen,  with  the 
transverse  facial  branch  of  the  superficial  temporal,  with  the  infraorbital  branch 
of  the  internal  maxillary,  and  with  the  dorsal  nasal  branch  of  the  ophthalmic. 

Peculiarities. — ^The  external  maxillary  artery  not  infrequently  arises  in  common  with  the 
lingual.  It  varies  in  its  size  and  in  the  extent  to  which  it  supplies  the  face;  it  occasionally  ends 
as  the  submental,  and  not  infrequently  extends  only  as  high  as  the  angle  of  the  mouth  or  nose. 
The  deficiency  is  then  compensated  for  by  enlargement  of  one  of  the  neighboring  arteries. 

Applied  Anatosiy. — The  passage  of  the  external  maxillary  artery  over  the  body  of  the  mandible 
would  appear  to  afford  a  favorable  position  for  the  application  of  pressure  in  cases  of  hemor- 
rhage from  the  Ups,  the  result  either  of  an  accidental  wound  or  during  an  operation;  but  its  appli- 
cation is  useless,  except  for  a  very  short  time,  on  account  of  the  free  communication  of  this  vessel 
with  its  fellow,  and  with  numerous  branches  from  different  sources.  In  a  wound  involving  the 
lip,  it  is  better  to  seize  the  part  between  the  fingers,  and  evert  it,  when  the  bleeding  vessel  may 
be  at  once  secured  with  pressure  forceps.  In  order  to  prevent  hemorrhage  in  cases  of  removal 
of  growths  from  the  Up,  the  latter  should  be  compressed  on  either  side  between  the  fingers  and 
thimib,  or  by  a  pair  of  specially  devised  clamp  forceps,  while  the  surgeon  excises  the  diseased 
part.  In  order  to  stop  hemorrhage  when  the  hp  has  been  divided  in  an  operation,  it  is  necessary, 
when  closing  the  wound,  to  pass  the  sutures  through  the  cut  edges,  almost  as  deep  as  its  mucous 
surface;  by  these  means,  not  only  are  the  cut  surfaces  more  neatly  and  securely  adapted  to  each 
other,  but  the  possibility  of  hemorrhage  is  prevented  by  including  the  divided  artery  in  the 
suture.  If,  on  the  contrary,  the  suture  be  passed  through  merely  the  cutaneous  portion  of  the 
wound,  hemorrhage  occurs  into  the  cavity  of  the  mouth.  The  student  should  observe  the  rela- 
tion of  the  angular  artery  to  the  lacrimal  sac;  as  the  vessel  passes  up  along  the  medial  margin 
of  the  orbit,  it  ascends  on  the  nasal  side  of  the  sac.  In  operating  for  fistula  lacrimalis,  the  sac 
should  always  be  opened  on  its  lateral  side  in  order  that  this  vessel  may  be  avoided. 

4.  The  occipital  artery  (a.  occipitalis)  (Fig.  586)  arises  from  the  posterior  part 
of  the  external  carotid,  opposite  the  external  maxillary,  near  the  lower  margin 
of  the  posterior  belly  of  the  Digastricus,  and  ends  in  the  posterior  part  of  the  scalp. 

Course  and  Relations. — At  its  origin,  it  is  covered  by  the  posterior  belly  of  the  Digastricus 
and  the  Stylohyoideus,  and  the  hypoglossal  nerve  winds  aroimd  it  from  behind  forward;  higher 
up,  it  crosses  the  internal  carotid  ajtery,  the  internal  jugular  vein,  and  the  vagus  and  accessory 
nerves.  It  next  ascends  to  the  interval  between  the  transverse  process  of  the  atlas  and  the  mastoid 
pn)ces8  of  the  temporal  bone,  and  passes  horizontally  backward,  grooving  the  surface  of  the 
latter  bone,  being  covered  by  the  Stemocleidomastoideus,  Splenius  capitis,  Longissimus  capitis, 
and  Digastricus,  and  resting  upon  the  Rectus  capitis  lateralis,  the  Obhquus  superior,  and  Semi- 
spmalis  capitis.  It  then  changes  its  course  and  runs  vertically  upward,  pierces  the  fascia  con- 
necting the  cranial  attachment  of  the  Trapezius  with  the  Stemocleidomastoideus,  and  ascends 
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in  a  tortuous  course  in  the  superficial  fascia  of  the  scalp,  where  it  divides  into  numerous  branches, 
which  reach  as  high  as  the  vertex  of  the  skull  and  anastomose  with  the  posterior  auricular  and 
superficial  temporal  arteries.    Its  terminal  portion  is  accompanied  by  the  greater  occipital  nerve. 

Branches. — ^The  branches  of  the  occipital  artery  are: 

Muscular.  Sternocleidomastoid.  Auricular. 

Meningeal .  Descending. 

The  Muscular  Branches  {rami  muscvlares)  supply  the  Digastricus,  Stylohyoideus, 
Splenius,  and  Longissimus  capitis. 

The  Sternocleidomastoid  Artery  (a.  sterrwcleidoTmigtoidea;  siermmuuioid  artery) 

.  generally  arises  from  the  occipital  close  to  its  commencement,  but  sometimes 

springs  directly  from  the  external  carotid.    It  passes  downward  and  backward 

over  the  hypoglassal  nerve,  and  enters  the  substance  of  the  muscle,  in  company 

with  the  accessory  nerve. 

The  Auricular  Branch  (ramus  auricularis)  supplies  the  back  of  the  concha  and 
frequently  gives  off  a  branch,  which  enters  the  skull  through  the  mastoid  foramen 
and  supplies  the  dura  mater,  the  diploe,  and  the  mastoid  cells;  this  latter  branch 
sometimes  arises  from  the  occipital  artery,  and  is  then  known  as  the  mastoid  branch. 

The  Bfleningeal  Branch  {ramus  meningeus;  dural  branch)  ascends  with  the  internal 
jugular  vein,  and  enters  the  skull  through  the  jugular- foramen  and  condyloid 
canal,  to  supply  the  dura  mater  in  the  posterior  fossa.    ' 

The  Descending  Branch  {ramus  descendens;  arteria  princeps  cervicis)  (Fig.  590), 
the  largest  branch  of  the  occipital,  descends  on  the  back  of  the  neck,  and  divides 
into  a  superficial  and  deep  portion.  The  superficial  portion  runs  beneath  the 
Splenius,  giving  of!  branches  which  pierce  that  muscle  to  supply  the  Trapezius  and 
anastomose  with  the  ascending  branch  of  the  transverse  cervical:  the  deep  portion 
runs  down  between  the  Semispinales  capitis  ahd  colli,  and  anastomoses  with  the 
vertebral  and  with  the  a.  profunda  cervicalis,  a  branch  of  the  costocervical  trunk. 
The  anastomosis  between  these  vessels  assists  in  establishing  the  collateral  circu- 
lation after  ligature  of  the  common  carotid  or  subclavian  artery. 

The  terminal  branches  of  the  occipital  artery  are  distributed  to  the  back  of  the 
head:  they  are  very  tortuous,  and  lie  between  the  integument  and  Occipitalis, 
anastomosing  with  the  artery  of  the  opposite  side  and  with  the  posterior  auricular 
and  temporal  arteries,  and  supplying  the  Occipitalis,  the  integument,  and  peri- 
cranium. One  of  the  terminal  branches  may  give  off  a  meningeal  twig  which  passes 
through  the  parietal  foramen. 

5.  The  posterior  auricular  artery  (a.  auricidaris  posterior)  (Fig.  586)  is  small 
and  arises  from  the  external  carotid,  above  the  Digastricus  and  Stylohyoideus, 
opposite  the  apex  of  the  styloid  process.  It  ascends,  under  cover  of  the  parotid 
gland,  on  the  styloid  process  of  the  temporal  bone,  to  the  groove  between  the 
cartilage  of  the  ear  and  the  mastoid  process,  immediately  above  which  it  divides 
into  its  auricular  and  occipital  branches. 

Branches. — Besides  several  small  branches  to  the  Digastricus,  Stylohyoideus, 
and  Sternocleidomastoideus,  and  to  the  parotid  gland,  this  vessel  gives  off  three 
branches: 

Stylomastoid .  Auricular.  Occipital . 

The  Stylomastoid  Artery  (a.  stylomastoidea)  enters  the  stylomastoid  foramen  and 
supplies  the  tympanic  cavity,  the  tympanic  antriun  and  mastoid  cells,  and  the 
semicircular  canals.  In  the  young  subject  a  branch  from  this  vessel  forms,  with 
the  anterior  tympanic  artery,  from  the  internal  maxillary,  a  vascular  circle,  which 
surrounds  the  tympanic  meAbrane,  and  from  which  delicate  vessels  ramify  on  that 
membrane.  It  anastomoses  with  the  superficial  petrosal  branch  of  the  middle 
meningeal  artery  by  a  twig  which  enters  the  hiatus  canalis  facialis. 
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The  Amiciilar  Branch  {ramus  auricularis)  ascends  behind  the  ear,  beneath  the 
Auricularis  posterior,  and  is  distributed  to  the  back  of  the  auricula,  upon  which 
it  ramifies  minutely,  some  branches  curving  around  the  margin  of  the  cartilage, 
others  perforating  it,  to  supply  the  anterior  surface.  It  anastomoses  with  the 
parietal  and  anterior  auricular  branches  of  the  superficial  temporal. 

The  Occipital  Branch  (ramus  occipitalis)  passes  backward,  over  the  Stemocleido- 
mastoideus,  to  the  scalp  above  and  behind  the  ear.  It  supplies  the  Occipitalis 
and  the  scalp  in  this  situation  and  anastomoses  with  the  occipital  artery. 

6.  The  ascending  pharyngeal  artery  (a.  pharyngea  ascendens)  (Fig.  590),  the 
smallest  branch  of  the  external  carotid,  is  a  long,  slender  vessel,  deeply  seated  in 
the  neck,  beneath  the  other  branches  of  the  external  carotid  and  under  the  Stylo- 
pharyngeus.  It  arises  from  the  back  part  of  the  external  carotid,  near  the  com- 
mencement of  that  vessel,  and  ascends  vertically  between  the  internal  carotid 
and  the  side  of  the  pharynx,  to  the  under  surface  of  the  base  of  the  skull,  lying 
on  the  Longus  capitis. 

Branches. — Its  branches  are: 

Pharyngeal.  Prevertebral. 

Palatine.  Inferior  Tympanic. 

Posterior  Meningeal . 

The  Pharyngeal  Branches  {rami  pharyngei)  are  three  or  four  in  number.  Two 
of  these  descend  to  supply  the  Constrictores  pharyngis  medius  and  inferior  and 
the  Stylopharyngeus,  ramifying  in  their  substance  and  in  the  mucous  membrane 
Uning  them. 

The  Palatine  Branch  varies  in  size,  and  may  take  the  place  of  the  ascending 
palatine  branch  of  the  facial  artery,  when  that  vessel  is  small.  It  passes  inward 
upon  the  Constrictor  pharyngis  superior,  sends  ramifications  to  the  soft  palate 
and  tonsil,  and  supplies  a  branch  to  the  auditory  tube. 

The  Prevertebral  Branches  are  numerous  small  vessels,  which  supply  the  Longi 
capitis  and  colli,  the  sympathetic  trunk,  the  hypoglossal  and  vagus  nerves,  and  the 
lymph  glands;  they  anastomose  with  the  ascending  cervical  artery. 

The  Inferior  Tympanic  Artery  (a.  tympanica  inferior)  is  a  small  branch  which 
passes  through  a  minute  foramen  in  the  petrous  portion  of  the  temporal  bone,  in 
company  with  the  tympanic  branch  of  the  glossopharyngeal  nerve,  to  supply  the 
medial  wall  of  the  tympanic  cavity  and  anastomose  with  the  other  tympanic  arteries. 

The  Meningeal  Branches  are  several  small  vessels,  which  supply  the  dura  mater. 
One,  the  posterior  meningeal,  enters  the  cranium  through  the  jugular  foramen; 
a  second  passes  through  the  foramen  lacerum;  and  occasionally  a  third  through 
the  canal  for  the  hjT)oglassal  nerve. 

Applied  Anatomy. — ^The  ascending  pharyngeal  artery  has  been  wounded  from  the  throat;  as  m 
the  case  in  which  the  stem  of  a  tobacco  pipe  was  driven  into  the  vessel,  causing  fatal  hemorrhage. 

7.  The  superficial  temporal  artery  (a.  temporalis  superficialis)  (Fig.  586),  the 
smaller  of  the  two  terminal  branches  of  the  external  carotid,  appears,  from  its 
direction,  to  be  the  continuation  of  that  vessel.  It  begins  in  the  substance  of  the 
parotid  gland,  behind  the  neck  of  the  mandible,  and  crosses  over  the  posterior  root 
of  the  zygomatic  process  of  the  temporal  bone;  about  5  cm.  above  this  process 
it  divides  into  two  branches,  a  frontal  and  a  parietal. 

Relatuma. — As  it  crosses  the  zygomatic  process,  it  is  covered  by  the  Auricularis  anterior  musclcy 
and  by  a  dense  fascia;  it  is  crossed  by  the  temporal  and  zygomatic  branches  of  the  facial  nerve 
and  one  or  two  veins,  and  is  accompanied  by  the  auriculotemporal  nerve,  which  lies  immediately 

behind  it. 

m 

Branches. — Besides  some  twigs  to  the  parotid  gland,  to  the  temporomandibular 
joint,  and  to  the  Masseter  muscle,  its  branches  ace: 
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Transverse  Facial.  Anterior  Auricular. 

Middle  Temporal.  Frontal. 

Parietal. 

The  Transverse  Facial  Artery  (a.  transversa  faciei)  is  given  off  from  the  superficial 
temporal  before  that  vessel  quits  the  parotid  gland;  running  forward  through  the 
substance  of  the  gland,  it  passes  transversely  across  the  side  of  the  face,  between 
the  parotid  duct  and  the  lower  border  of  the  zygomatic  arch,  and  divides  into  numer- 
ous branches,  which  supply  the  parotid  gland  and  duct,  the  Masseter,  and  the 
integument,  and  anastomose  with  the  external  maxillary,  masseteric,  buccinator, 
and  infraorbital  arteries.  This  vessel  rests  on  the  Masseter,  and  is  accompanied 
by  one  or  two  branches  of  the  facial  nerve. 

The  Middle  Temporal  Artery  (a.  temporalis  media)  arises  immediately  above  the 
zygomatic  arch,  and,  perforating  the  temporal  fascia,  gives  branches  to  the  Tem- 
poralis, anastomosing  with  the  deep  temporal  branches  of  the  internal  maxillary. 
It  occasionally  gives  off  a  zygomatiico5rbital  branch,  which  runs  along  the  upper 
border  of  the  zygomatic  arch,  between  the  two  layers  of  the  temporal  fascia,  to 
the  lateral  angle  of  the  orbit.  This  branch,  which  may  arise  directly  from  the 
superficial  temporal  arterjs  supplies  the  Orbicularis  oculi,  and  anastomoses  with 
the  lacrimal  and  palpebral  branches  of  the  ophthalmic  artery. 

The  Anterior  Auricular  Branches  {rami  auriculares  anteriores)  are  distributed  to 
the  anterior  portion  of  the  auricula,  the  lobule,  and  part  of  the  external  meatus, 
anastomosing  with  the  posterior  auricular. 

The  Frontal  Branch  {ramus  frontalis;  anterior  temporal)  runs  tortuously  upward 
and  forward  to  the  forehead,  supplying  the  muscles,  integument,  and  pericranium 
in  this  region,  and  anastomosing  with  the  supraorbital  and  frontal  arteries. 

The  Parietal  Branch  {ramus  parietalis;  posterior  temporal)  larger  than  the  frontal, 
curves  upward  and  backward  on  the  side  of  the  head,  lying  superficial  to  the  tem- 
poral fascia,  and  anastomosing  with  its  fellow  of  the  opposite  side,  and  with  the 
posterior  auricular  and  occipital  arteries. 

Applied  Anatomy. — The  temporal  artery,  as  it  crosses  the  zygomatic  process,  lies  immediately 
beneath  the  skin,  and  its  pulsations  may  be  readily  felt  during  the  administration  of  an  anesthetic, 
or  mider  circumstances  where  the  radial  pulse  is  not  available;  it  may  be  easily  compressed  against 
the  bone  in  order  to  check  bleeding  from  the  temporal  region  of  the  scalp.  When  a  flap  is  raised 
from  this  part  of  the  head,  for  trephining,  the  incision  should  be  shaped  like  a  horseshoe,  with 
its  convexity  upward,  so  that  the  flap  shall  contain  the  temporal  artery,  which  ensures  a  sufllicient 
supply  of  blood.  The  same  principle  is  applied,  as  far  as  possible,  in  making  incisions  to  raise 
flaps  in  other  parts  of  the  scalp.  Formerly  the  operation  of  arteriotomy  was  performed  upon 
this  vessel  in  cases  of  inflammation  of  the  eye  or  brain,  but  this  operation  is  now  obsolete. 

8.  The  internal  maxillary  artery  (a.  maxUlaris  interna)  (Fig.  587),  the  larger 
of  the  two  terminal  branches  of  the  external  carotid,  arises  behind  the  neck  of  the 
mandible,  and  is  at  first  imbedded  in  the  substance  of  the  parotid  gland;  it  passes 
forward  between  the  ramus  of  the  mandible  and  the  sphenomandibular  ligament, 
and  then  runs,  either  superficial  or  deep  to  the  Pterygoideus  externus,  to  the 
pterygopalatine  fossa.  It  supplies  the  deep  structures  of  the  face,  and  may  be 
divided  into  mandibular,  pterygoid,  and  pterygopalatine  portions. 

The  first  or  mandibular  portion  passes  horizontally  forward,  betw^een  the  ramus 
of  the  mandible  and  the  sphenomandibular  ligament,  where  it  lies  parallel  to  and 
a  little  below  the  auriculotemporal  nerve;  it  crosses  the  inferior  alveolar  nerve, 
and  runs  along  the  lower  border  of  the  Pterygoideus  externus. 

The  second  or  pterygoid  portion  runs  obliquely  forward  and  upward  under  cover 
of  the  ramus  of  the  mandible  and  insertion  of  the  Temporalis,  on  the  superficial 
(very  frequently  on  the  deep)  surface  of  the  Pterygoideus  externus;  it  then  passes 
between  the  two  heads  of  origin  of  this  muscle  and  enters  the  fossa. 

The  third  or  pterygopalatine  portion  lies  in  the  pterygopalatine  fossa  in  relation 
with  the  sphenopalatine  ganglion. 
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The  branches  of  this  vessel  may  be  divided  into  three  groups  (Fig.  588),  corre- 
sponding with  its  three  divisions. 


Fio.  688.— Plan  oi  branches  of  inler 

ttasLchet  of  the  First  or  Mandibular  Portions.- 


Anterior  Tympanic. 
Deep  Auricular. 


Inferior  Alveolar. 


Middle  Meningeal. 
Accessory  Meningeal. 
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The  Anterior  Tympanic  Artery  (a.  tympanica  anterior;  tympanic  artery)  passes 
upward  behind  the  temp)oromandibular  articulation,  enters  the  tympanic  cavity 
through  the  petrotympanic  fissure,  and  ramifies  upon  the  tympanic  membrane, 
forming  a  vascular  circle  around  the  membrane  with  the  stylomastoid  branch  of 
the  posterior  auricular,  and  anastomosing  with  the  artery  of  the  pterygoid  canal 
and  with  the  caroticotympanic  branch  from  the  internal  carotid. 

The  Deep  Auricular  Artery  (a.  auricularis  profunda)  often  arises  in  common  with 
the  preceding.  It  ascends  in  the  substance  of  the  parotid  gland,  behind  the  tem- 
p>oromandibuIar  articulation,  pierces  the  cartilaginous  or  bony  wall  of  the  external 
acoustic  meatus,  and  supplies  its  cuticular  lining  and  the  outer  surface  of  the 
tympanic  membrane.  It  gives  a  branch  to  the  temporomandibular  joint. 
^  The  Middle  Meningeal  Artery  (a.  meningea  media;  medidural  artery)  is  the  largest 
of  the  arteries  which  supply  the  dura  mater.  It  ascends  between  the  spheno- 
mandibular  ligament  and  the  Pterygoideus  externus,  and  between  the  two  roots 
of  the  auriculotemporal  nerve  to  the  foramen  spinosum  of  the  sphenoid  bone, 
through  which  it  enters  the  cranium;  it  then  runs  forward  in  a  groove  on  the  great 
wing  of  the  sphenoid  bone,  and  divides  into  two  branches,  anterior  and  posterior. 
The  anterior  branch,  the  larger,  crosses  the  great  wing  of  the  sphenoid,  reaches  the 
groove,  or  canal,  in  the  sphenoidal  angle  of  the  parietal  bone,  and  then  divides 
into  branches  which  spread  out  between  the  dura  mater  and  internal  surface  of 
the  cranium,  some  passing  upward  as  far  as  the  vertex,  and  others  backward  to 
the  occipital  region.  The  posterior  branch  curves  backward  on  the  squama  of  the 
temporal  bone,  and,  reaching  the  parietal  some  distance  in  front  of  its  mastoid 
angle,  divides  into  branches  which  supply  the  posterior  part  of  the  dura  mater  and 
cranium.  The  branches  of  the  middle  meningeal  artery  are  distributed  partly 
to  the  dura  mater,  but  chiefly  to  the  bones;  they  anastomose  with  the  arteries  of 
the  opposite  side,  and  with  the  anterior  and  posterior  meningeal. 

The  middle  meningeal  on  entering  the  cranium  gives  off  the  following  branches:  (1)  Ntunerous 
smaM  vessels  supply  the  semilunar  ganglion  and  the  dura  mater  in  this  situation.  (2)  A  si^erfleial 
petrosal  branch  enters  the  hiatus  of  the  facial  canal,  supplies  the  faciyd  nerve,  and  anastomoses 
with  the  stylomastoid  branch  of  the  posterior  auricular  artery.  (3)  A  superior  tympsnic  arterj 
runs  in  the  canal  for  the  Tensor  tympani,  and  supplies  this  muscle  and  the  lining  membrane  of 
the  canal.  (4)  Orbital  branehes  pass  through  the  superior  orbital  fissure  or  through  separate 
canals  in  the  great  wing  of  the  sphenoid,  to  anastomose  with  the  lacrimal  or  other  branches  of 
the  ophthalmic  artery.  (5)  Temporal  branehes  pass  through  foramina  in  the  great  wing  of  the 
sphenoid,  and  anastomose  in  the  temporal  fossa  with  the  deep  temporal  arteries. 

Applied  Anatomy. — The  middle  meningeal  is  an  artery  of  considerable  surgical  importance, 
as  it  may  be  torn  in  fractures  of  the  temporal  region  of  the  skuU,  or,  indeed,  by  injuries  causing 
separation  of  the  dura  mater  from  the  bone,  without  fractiu^.  The  injury  may  be  followed  by 
considerable  hemorrhage  between  the  bone  and  dura  mater,  which  produces  symptoms  of  com- 
pression of  the  brain,  and  requires  trephining  for  its  relief.  As  the  compression  implicates  the 
motor  region  of  the  cortex,  paralysis  on  the  opposite  side  of  the  body  forms  the  prominent  symp- 
tom of  the  lesion.  The  anterior  branch  of  this  artery  crosses  the  sphenoidal  angle  of  the  parietal 
bone  at  a  point  4  cm.  behind  the  zygomatic  process  of  the  frontal  bone,  and  4.5  cm.  above 
the  zygomatic  arch.  From  this  point  it  passes  upward  and  slightly  backward  to  the  sagittal 
suture,  l3dng  about  1.25  to  2  cm.  behind  the  coronal  suture.  The  posterior  branch  runs  back- 
ward over  the  squama  of  the  temporal  bone.  In  order  to  expose  the  anterior  branch  of  the  artery, 
a  point  is  taken  4  cm.  above  the  zygomatic  arch  and  the  same  distance  behind  the  zygomatic 
process  of  the  frontal  bone.  Here  the  pin  of  the  trephine  is  to  be  applied.  A  horseshoe-shaped 
flap,  measuring  8  cm.  in  length  and  transversely,  and  consisting  of  all  the  structures  of  the  scalp 
down  to  and  including  the  pericranium,  is  first  made,  with  its  base  just  above  the  zygomatic 
arch.  This  flap  is  reflected  and  a  2.5  cm.  trephine  appUed.  After  the  crown  of  bone  has  been 
removed,  the  blood  clot  is  exposed,  and  gently  got  rid  of,  and  if  possible  the  bleeding-point  must 
be  found  and  controlled. 

The  Accessory  Meningeal  Branch  (ramits  meningeus  accessorins;  small  meningeal 
or  parvidural  branch)  is  sometimes  derived  from  the  preceding.  It  enters  the 
skull  through  the  foramen  ovale,  and  supplies  the  semilunar  ganglion  and  dura 
mater. 
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The  Inferior  Alveolar  Artery  (a.  aheolaris  inferior;  inferior  dental  artery)  descends 
with  the  inferior  alveolar  nerve  to  the  mandibular  foramen  on  the  medial  surface 
of  the  ramus  of  the  mandible.  It  runs  along  the  mandibular  oanal  in  the  substance 
of  the  bone,  accompanied  by  the  nerve,  and  opposite  the  first  premolar  tooth  divides 
into  two  branches,  incisor  and  mental.  The  incisor  branch  is  continued  forward 
beneath  the  incisor  teeth  as  far  as  the  middle  line,  where  it  anastomoses  with  the 
arterj'  of  the  opposite  side;  the  mental  branch  escapes  with  the  nerve  at  the  mental 
foramen,  supplies  the  chin,  and  anastomoses  with  the  submental  and  inferior 
labial  arteries.  Near  its  origin  the  inferior  alveolar  artery  gives  off  a  linipial  branch 
which  descends  with  the  lingual  nerve  and  supplies  the  mucous  membrane  of  the 
mouth.  As  the  inferior  alveolar  artery  enters  the  foramen,  it  gives  off  a  mylohyoid 
branch  which  runs  in  the  mylohyoid  groove,  and  ramifies  on  the  under  surface  of 
the  Mylohyoideus.  The  inferior  alveolar  artery  and  its  incisor  branch  during 
their  course  through  the  substance  of  the  bone  give  off  a  few  twigs  which  are  lost 
in  the  cancellous  tissue,  and  a  series  of  branches  which  corresp)ond  in  number  to 
the  roots  of  the  teeth:  these  enter  the  minute  apertures  at  the  extremities  of  the 
roots,  and  supply  the  pulp  of  the  teeth. 

Branches  of  the  Second  or  Pterygoid  Portion. — 

Deep  Temporal.  Masseteric. 

Pterygoid.  Buccinator. 

The  Deep  Temporal  Branches,  two  in  number,  anterior  and  posterior,  ascend 
between  the  Temporalis  and  the  pericranium;  they  supply  the  muscle,  and  anasto- 
mose with  theoniddle  temporal  artery;  the  anterior  communicates  with  the  lacrimal 
artery  by  means  of  small  branches  which  perforate  the  zygomatic  bone  and  great 
wing  of  the  sphenoid. 

The  Pterygoid  Branches  {rami  pterygoidei),  irregular  in  their  number  and  origin, 
supply  the  Pterygoidei. 

llie  Masseteric  Artery  (a.  masseterica)  is  small  and  passes  lateralward  through 
the  mandibular  notch  to  the  deep  surface  of  the  Masseter.  It  supplies  the  muscle, 
and  anastomoses  witli  the  masseteric  branches  of  the  external  maxillary  and  with 
the  transverse  facial  artery. 

The  Buccinator  Artery  (a.  huccinatoria;  buccal  artery)  is  small  and  runs  obliquely 
forward,  between  the  Pterygoideus  internus  and  the  insertion  of  the  Temporalis, 
to  the  outer  surface  of  the  Buccinator,  to  which  it  is  distributed,  anastomosing 
with  branches  of  the  external  maxillary  and  with  the  infraorbital. 

Branches  of  the  Third  or  Pterygopalatine  Portion. — 

Posterior  Superior  Alveolar.  Artery  of  the  Pterygoid  Canal. 

Infraorbital.  Pharyngeal. 

Descending  Palatine.  Sphenopalatine. 

The  Posterior  Superior  Alveolar  Artery  (a.  aheolaris  superior  posterior;  alveolar  or 
posterior  denial  artery)  is  given  off  from  the  internal  maxillary,  frequently  in  con- 
junction with  the  infraorbital  just  as  the  trunk  of  the  vessel  is  passing  into  the 
pterygopalatine  fossa.  Descending  upon  the  tuberosity  of  the  maxilla,  it  divides 
into  numerous  branches,  some  of  which  enter  the  alveolar  canals,  to  supply  the 
molar  and  premolar  teeth  and  the  lining  of  the  maxillary  sinus,  while  others  are 
continued  forward  on  the  alveolar  process  to  supply  the  gums. 

The  Infraorbital  Artery  (a.  infraorhitalis)  appears,  from  its  direction,  to  be  the 
continuation  of  the  trunk  of  the  internal  maxillary,  but  often  arises  in  conjunction 
with  the  p)osterior  superior  alveolar.  It  runs  along  the  infraorbital  groove  and 
canal  with  the  infraorbital  nerve,  and  emerges  on  the  face  through  the  infraorbital 
foramen,  beneath  the  infraorbital  head  of  the  Quadratus  labii  superioris.  While 
in  the  canal,  it  gives  off  (a)  orbital  branches  which  assist  in  supplying  the  Rectus 
inferior  and  Obliquus  inferior  and  the  lacrimal  sac,  and  (6)  anterior  superior  alveolar 
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I 
The  Anterior  Tympanic  Artery  (o.  tympanica  anterior;  tympanic  artery)  passes 

upward  behind  the  temporomandibular  articulation,  enters  the  tympanic  cavity 
through  the  petrotympanic  fissure,  and  ramifies  upon  the  tympanic  membrane, 
forming  a  vascular  circle  around  the  membrane  with  the  stylomastoid  branch  of 
the  posterior  auricular,  and  anastomosing  with  the  artery  of  the  pterygoid  canal 
and  with  the  caroticotympanic  branch  from  the  internal  carotid. 

The  Deep  Auricular  Artery  (a.  auricularis  profunda)  often  arises  in  common  with 
the  preceding.  It  ascends  in  the  substance  of  the  parotid  gland,  behind  the  tem- 
poromandibular articulation,  pierces  the  cartilaginous  or  bony  wall  of  the  external 
acoustic  meatus,  and  supplies  its  cuticular  lining  and  the  outer  surface  of  the 
tympanic  membrane.  It  gives  a  branch  to  the  temporomandibular  joint. 
'  The  Middle  Meningeal  Artery  (a.  meningea  media;  medidural  artery)  is  the  largest 
of  the  arteries  which  supply  the  dura  mater.  It  ascends  between  the  spheno- 
mandibular  ligament  and  the  Pterygoideus  externus,  and  between  the  two  roots 
of  the  auriculotemporal  nerve  to  the  foramen  spinosum  of  the  sphenoid  bone, 
through  which  it  enters  the  cranium;  it  then  runs  forward  in  a  groove  on  the  great 
wing  of  the  sphenoid  bone,  and  divides  into  two  branches,  anterior  and  posterior. 
The  anterior  branch,  the  larger,  crosses  the  great  wing  of  the  sphenoid,  reaches  the 
groove,  or  canal,  in  the  sphenoidal  angle  of  the  parietal  bone,  and  then  divides 
into  branches  which  spread  out  between  the  dura  mater  and  internal  siu^ace  of 
the  cranium,  some  passing  upward  as  far  as  the  vertex,  and  others  backward  to 
the  occipital  region.  The  posterior  branch  curves  backward  on  the  squama  of  the 
temporal  bone,  and,  reaching  the  parietal  some  distance  in  front  of  its  mastoid 
angle,  divides  into  branches  which  supply  the  posterior  part  of  the  dura  mater  and 
cranium.  The  branches  of  the  middle  meningeal  artery  are  distributed  partly 
to  the  dura  mater,  but  chiefly  to  the  bones;  they  anastomose  with  the  arteries  of 
the  opposite  side,  and  with  the  anterior  and  posterior  meningeal. 

The  middle  meningeal  on  entering  the  cranium  gives  off  the  following  branches:  (1)  Numerous 
smaM  vessels  supply  the  semilunar  ganglion  and  the  dura  mater  in  this  situation.  (2)  A  superficial 
petrosal  branch  enters  the  hiatus  of  the  facial  canal,  supplies  the  facial  nerve,  and  anastomoses 
with  the  stylomastoid  branch  of  the  posterior  auricular  artery.  (3)  A  superior  tympanic  artery 
runs  in  the  canal  for  the  Tensor  tympani,  and  supplies  this  muscle  and  the  lining  membrane  of 
the  canal.  (4)  Orbital  branches  pass  through  the  superior  orbital  fissure  or  through  separate 
canals  in  the  great  wing  of  the  sphenoid,  to  anastomose  with  the  lacrimal  or  other  branches  of 
the  ophthalmic  artery.  (5)  Temporal  branches  pass  through  foramina  in  the  great  wing  of  the 
sphenoid,  and  anastomose  in  the  temporal  fossa  with  the  deep  temporal  arteries. 

Applied  Anatomy. — ^The  middle  meningeal  is  an  artery  of  considerable  surgical  importance, 
as  it  may  be  torn  in  fractures  of  the  temporal  region  of  the  skull,  or,  indeed,  by  injuries  causing 
separation  of  the  dura  mater  from  the  bone,  without  fracture.  The  injury  may  be  followed  by 
considerable  hemorrhage  between  the  bone  and  dura  mater,  which  produces  symptoms  of  com- 
pression of  the  brain,  and  requires  trephining  for  its  relief.  As  the  compression  implicates  the 
motor  region  of  the  cortex,  paralysis  on  the  opposite  side  of  the  body  forms  the  prominent  symp- 
tom of  the  lesion.  The  anterior  branch  of  this  artery  crosses  the  sphenoidal  angle  of  the  parietal 
bone  at  a  point  4  cm.  behind  the  zygomatic  process  of  the  frontal  bone,  and  4.5  cm.  above 
the  zygomatic  arch.  From  this  point  it  passes  upward  and  slightly  backward  to  the  sagittal 
suture,  lying  about  1.25  to  2  cm.  behind  the  coronal  suture.  The  posterior  branch  runs  back- 
ward over  the  squama  of  the  temporal  bone.  In  order  to  expose  the  anterior  branch  of  the  artery, 
a  point  is  taken  4  cm.  above  the  zygomatic  arch  and  the  same  distance  behind  the  zygomatic 
process  of  the  frontal  bone.  Here  the  pin  of  the  trephine  is  to  be  applied.  A  horseshoe-shaped 
flap,  measuring  8  cm.  in  length  and  transversely,  and  consisting  of  all  the  structures  of  the  scalp 
down  to  and  including  the  pericranium,  is  first  made,  with  its  base  just  above  the  zygomatic 
arch.  This  flap  is  reflected  and  a  2.5  cm.  trephine  applied.  After  the  crown  of  bone  has  been 
removed,  the  blood  clot  is  exposed,  and  gently  got  rid  of,  and  if  possible  the  bleeding-point  must 
be  found  and  controlled. 

The  Accessory  Meningeal  Branch  {ramus  meningeus  accessorius;  small  meningeal 
or  parvidural  branch)  is  sometimes  derived  from  the  preceding.  It  enters  the 
skull  through  the  foramen  ovale,  and  supplies  the  semilunar  ganglion  and  dura 
mater. 
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The  Inferior  Alveolar  Artery  (a.  alveolaris  inferior;  inferior  dental  artery)  descends 
with  the  inferior  alveolar  nerve  to  the  mandibular  foramen  on  the  medial  surface 
of  the  ramus  of  the  mandible.  It  runs  along  the  mandibular  oanal  in  the  substance 
of  the  bone^  accompanied  by  the  nerve,  and  opp)osite  the  first  premolar  tooth  divides 
into  two  branches,  incisor  and  mental.  The  incisor  branch  is  continued  forward 
beneath  the  incisor  teeth  as  far  as  the  middle  line,  where  it  anastomoses  with  the 
artery  of  the  opposite  side;  the  mental  branch  escapes  with  the  nerve  at  the  mental 
foramen,  supplies  the  chin,  and  anastomoses  with  the  submental  and  inferior 
labial  arteries.  Near  its  origin  the  inferior  alveolar  artery  gives  off  a  linipial  branch 
which  descends  with  the  lingual  nerve  and  supplies  the  mucous  membrane  of  the 
mouth.  As  the  inferior  alveolar  artery  enters  the  foramen,  it  gives  oft  a  mylohyoid 
branch  which  runs  in  the  mylohyoid  groove,  and  ramifies  on  the  under  surface  of 
the  Mylohyoideus.  The  inferior  alveolar  artery  and  its  incisor  branch  during 
their  course  through  the  substance  of  the  bone  give  off  a  few  twigs  which  are  lost 
in  the  cancellous  tissue,  and  a  series  of  branches  which  corresp)ond  in  number  to 
the  roots  of  the  teeth :  these  enter  the  minute  apertures  at  the  extremities  of  the 
roots,  and  supply  the  pulp  of  the  teeth. 

Branches  of  the  Second  or  Pterygoid  Portion. — 

Deep  Temporal.  Masseteric. 

Pterygoid.  Buccinator. 

The  Deep  Temporal  Branches,  two  in  number,  anterior  and  posterior,  ascend 
between  the  Temporalis  and  the  pericranium;  they  supply  the  muscle,  and  anasto- 
mose with  theoniddle  temporal  artery;  the  anterior  communicates  with  the  lacrimal 
arterj'  by  means  of  small  branches  which  perforate  the  zygomatic  bone  and  great 
wing  of  the  sphenoid. 

The  Pterygoid  Branches  {rami  pterygoidei) ,  irregular  in  their  number  and  origin, 
supply  the  Pterygoidei. 

The  Bflasseteric  Artery  (a.  masseterica)  is  small  and  passes  lateralward  through 
the  mandibular  notch  to  the  deep  surface  of  the  Masseter.  It  supplies  the  muscle, 
and  anastomoses  witli  the  masseteric  branches  of  the  external  maxillary  and  with 
the  transverse  facial  artery. 

The  Buccinator  Artery  (a.  buccinatoria;  buccal  artery)  is  small  and  runs  obliquely 
forward,  between  the  Pterygoideus  internus  and  the  insertion  of  the  Temporalis, 
to  the  outer  surface  of  the  Buccinator,  to  which  it  is  distributed,  anastomosing 
with  branches  of  the  external  maxillary  and  with  the  infraorbital. 

Branches  of  the  Third  or  Pterygopalatine  Portion. — 

Posterior  Superior  Alveolar.  Artery  of  the  Pterygoid  Canal. 

Infraorbital.  Pharyngeal. 

Descending  Palatine.  Sphenopalatine. 

The  Posterior  Superior  Alveolar  Artery  (a.  alveolaris  superior  posterior;  alveolar  or 
posterior  dental  artery)  is  given  off  from  the  internal  maxillary,  frequently  in  con- 
junction with  the  infraorbital  just  as  the  trunk  of  the  vessel  is  passing  into  the 
pterygopalatine  fossa.  Descending  upon  the  tuberosity  of  the  maxilla,  it  divides 
into  numerous  branches,  some  of  which  enter  the  alveolar  canals,  to  supply  the 
molar  and  premolar  teeth  and  the  lining  of  the  maxillary  sinus,  while  others  are 
continued  forward  on  the  alveolar  process  to  supply  the  gums. 

The  Infraorbital  Artery  (a.  infraorbitalis)  appears,  from  its  direction,  to  be  the 
continuation  of  the  trunk  of  the  internal  maxillary,  but  often  arises  in  conjunction 
with  the  posterior  superior  alveolar.  It  runs  along  the  infraorbital  groove  and 
canal  with  the  infraorbital  nerve,  and  emerges  on  the  face  through  the  infraorbital 
foramen,  beneath  the  infraorbital  head  of  the  Quadratus  labii  superioris.  While 
in  the  canal,  it  gives  off  (a)  orbital  branches  which  assist  in  supplying  the  Rectus 
inferior  and  Obliquus  inferior  and  the  lacrimal  sac,  and  (6)  anterior  superior  alveolar 
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branches  which  descend  through  the  anterior  alveolar  canals  to  supply  the  upper 
incisor  and  canine  teeth  and  the  mucous  membrane  of  the  maxillary  sinus.  On 
the  face,  some  branches  pass  upward  to  the  medial  angle  of  the  orbit  and  the 
lacrimal  sac,  anastomosing  with  the  angular  branch  of  the  external  maxillary 
artery;  others  run  toward  the  nose,  anastomosing  with  the  dorsal  nasal  branch  of 
the  ophthalmic;  and  others  descend  between  the  Quadratus  labii  superioris  and 
the  Caninus,  and  anastomose  with  the  external  maxillary,  transveree  facial,  and 
buccinator  arteries.  The  four  remaining  branches  arise  from  that  portion  of  the 
internal  maxillary  which  is  contained  in  the  pterygopalatine  fossa. 

The  Descending  Palatine  Artery  (a.  palatina  descendens)  descends  through  the 
pterygopalatine  canal  with  the  anterior  palatine  branch  of  the  sphenopalatine 
ganglion,  and,  emerging  from  the  greater  palatine  foramen,  runs  forward  in  a  groove 
on  the  medial  side  of  the  alveolar  border  of  the  hard  palate  to  the  incisive  canal ; 
the  terminal  branch  of  the  artery  passes  upward  through  this  canal  to  anastomose 
with  the  sphenopalatine  artery.  Branches  are  distributed  to  the  gums,  the  palatine 
glands,  and  the  mucous  membrane  of  the  roof  of  the  mouth;  while  in  the  pterygo- 
palatine canal  it  gives  off  twigs  which  descend  in  the  lesser  palatine  canals  to  supply 
the  soft  palate  and  palatine  tonsil,  anastomosing  with  the  ascending  palatine  artery. 

Applied  Anatomy. — ^The  position  of  the  descending  palatine  artery  on  the  hard  palate  should 
be  borne  in  mind  in  performing  an  operation  for  the  closure  of  a  cleft  in  the  hard  palate,  as  it  is 
in  danger  of  being  wounded,  and  may  give  rise  to  formidable  hemorrhage;  it  has  even  been  found 
necessary  to  plug  the  pterygopalatine  canal  in  order  to  arrest  the  bleeding. 

The  Artery  of  the  Pterygoid  Canal  (a.  canalis  pterygoidei;  Vidiafi  artery)  passes 
backward  along  the  pterygoid  canal  with  the  corresponding  nerve.  It  is  distributed 
to  the  upper  part  of  the  pharynx  and  to  the  auditory  tube,  sending  into  the  tympanic 
cavity  a  small  branch  which  anastomoses  with  the  other  tympanic  arteries. 

The  Pharyngeal  Branch  is  very  small;  it  runs  backward  through  the  pharyngeal 
canal  with  the  pharyngeal  nerve,  and  is  distributed  to  the  upper  part  of  the  pharynx 
and  to  the  auditorv  tube. 

The  Sphenopalatine  Artery  (a.  sphenopalatinu;  nasopalatine  artery)  passes  through 
the  sphenopalatine  foramen  into  the  cavity  of  the  nose,  at  the  back  part  of  the 
superior  meatus.  Here  it  gives  off  its  posterior  lateral  nasal  branches  which  spread 
forward  over  the  conchse  and  meatuses,  anastomose  with  the  ethmoidal  arteries 
and  the  nasal  branches  of  the  descending  palatine^  and  assist  in  supplying  the 
frontal,  maxillary,  ethmoidal,  and  sphenoidal  sinuses.  Crossing  the  under  surface  of 
the  sphenoid  the  sphenopalatine  artery  ends  on  the  nasal  septum  as  the  posterior 
septal  branches;  these  anastomose  with  the  ethmoidal  arteries  and  the  septal 
branch  of  the  superior  labial;  one  branch  descends  in  a  groove  on  the  vomer  to 
the  incisive  canal  and  anastomoses  with  the  descending  palatine  artery. 

THE  TRIANGLES  OF  THE  NECK  (Fig.  589). 

The  side  of  the  neck  presents  a  somewhat  quadrilateral  outline,  limited,  abate 
by  the  lower  border  of  the  body  of  the  mandible,  and  an  imaginary  line  extending 
from  the  angle  of  the  mandible  to  the  mastoid  process;  hehw,  by  the  upper  border 
of  the  clavicle;  in /ronf,  by  the  middle  line  of  the  neck;  behind,  by  the  anterior 
margin  of  the  Trapezius.  This  space  is  subdivided  into  two  large  triangles  by  the 
Sternocleidomastoideus,  which  passes  obliquely  across  the  neck,  from  the  sternum 
and  clavicle  below,  to  the  mastoid  process  and  occipital  bone  above.  The  triangular 
space  in  front  of  this  muscle  is  called  the  anterior  triangle;  and  that  behind  it,  the 
posterior  triangle. 

Anterior  Triangle. — The  anterior  triangle  is  bounded,  in  front,  by  the  middle  line 
of  the  neck;  behind,  by  the  anterior  margin  of  the  Sternocleidomastoideus;  its 
base,  directed  upward,  is  formed  by  the  lower  border  of  the  body  of  the  mandible, 
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ind  a  line  extending  from  the  angle  of  the  mandible  to  the  mastoid  process;  its 
ipex  is  below,  at  the  sternum.  This  space  is  subdivided  into  four  smaller  triangles 
V  the  Digastricus  above,  and  the  superior  belly  of  the  Omohyoideus  below. 
These  smaller  triangles  are  named  the  inferior  caiotid,  the  superior  carotid,  the 
mbioAxiUur,  and  the  sapra&Toid. 


Stiprahyoid  triangle 
Sabmadlianj  tria^ 
Superior  carotid  Iri 


Fia.  GS9. — Ths  trUnclcg  of  th«  nock. 

The  Inferior  Carotid,  or  Mnscnlar  Triangle,  is  bounded,  in  front,  by  the  median 
line  of  the  neck  from  the  hyoid  bone  to  the  sternum ;  behind,  by  the  anterior  margin 
of  the  Stemocleidomastoideus ;  above,  by  the  superior  beily  of  the  Omohjoideus. 
It  is  covered  by  the  integument,  superficial  fascia,  Platysma,  and  deep  fascia, 
ramifying  in  which  are  some  of  the  branches  of  the  supraclavicular  nerves.  Be- 
neath these  superficial  structures  are  the  Sternohyoideus  and  Sternothyreoideus, 
which,  together  with  the  anterior  margin  of  the  Stemocleidomastoideus,  conceal 
the  lower  part  of  the  common  carotid  artery,'  This  vessel  is  enclosed  within  its 
sheath,  together  with  the  internal  jugular  vein  and  vagus  nerve;  the  vein  lies 
lateral  to  the  arterj'  on  the  right  side  of  the  neck,  but  overlaps  it  below  on  the  left 
side;  the  nerve  lies  between  the  artcrj'  and  vein,  on  a  plane  posterior  to  both. 
In  front  of  the  sheath  are  a  few  descending  filaments  from  the  ansa  hypoglossi; 
behind  the  sheath  are  the  inferior  thyroid  artery,  the  recurrent  nerve,  and  the  sym- 
pathetic trunk;  and  on  its  medial  side,  the  cesophagus,  the  trachea,  the  thyroid 
gland,  and  the  lower  part  of  the  larynx.  By  cutting  into  the  upper  part  of  this 
space,  and  slightly  displacing  the  Stemocleidomastoideus,  the  common  carotid 
artery  may  be  tied  below  the  Omohyoideus. 

The  Superior  Carotid,  or  Carotid  Triangle,  is  bounded,  behind  by  the  Stemocleido- 
mastoideus; below,  by  the  superior  belly  of  the  Omohyoideus;  and  above,  by  the 
Stylohyoideus  and  the  posterior  belly  of  the  Digastricus.  It  is  covered  by  the  integu- 
ment, superficial  fascia,  Platysma  and  deep  fascia;  ramifying  in  which  are  branches 
of  the  facial  and  cutaneous  cervical  nerves.  Its  floor  is  formed  by  parts  of  the  Thyro- 
hyoideus,  Hyoglossus,  and  the  Constrictores  pharyngis  medius  and  inferior.    This 

^  Tbenffon  the  coediiiod  c&rnt!d  »rton'  RTid  internal  jueular  vaid  are  Dot,  strictly  speakinc.  contained  io  thia  tri. 

the  ponehor  bonier  of  tbe  ttiBucle.  Dut  u  they  lie  very  clo»  to  ths  atniclures  which  are  really  contained  io  the 
iniaxle.  snd  whose  posiliDii  it  is  essential  to  remember  in  aperaling  on  this  put  of  the  B[i«r>',  it  ia  eipedient  lo  itudy 
ibe  nialioni  of  all  theg^  parti  loaether. 
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space  when  dissected  is  seen  to  contain  the  upper  part  of  the  common  carotid 
artery,  which  bifurcates  opposite  the  upper  border  of  the  thyroid  cartilage  into  the 
external  and  internal  carotid.  These  vessels  are  somewhat  concealed  from  veiw 
by  the  anterior  margin  of  the  Sternocleidomastoideus,  which  overlaps  them. 
The  external  and  internal  carotids  lie  side  by  side,  the  external  being  the  more 
anterior  of  the  two.  The  following  branches  of  the  external  carotid  are  also  met 
with  in  this  space:  the  superior  thyroid,  running  forward  and  downward;  the 
lingual,  directly  forward;  the  external  maxillary,  forward  and  upward;  the  occipital, 
backward;  and  the  ascending  pharyngeal,  directly  upward  on  the  medial  side  of  the 
internal  carotid.  The  veins  met  with  are:  the  internal  jugular,  which  lies  on  the 
lateral  side  of  the  conunon  and  internal  carotid  arteries;  and  veins  corresponding 
to  the  above-mentioned  branches  of  the  external  carotid — viz.,  the  superior  thyroid, 
the  lingual,  common  facial,  ascending  pharyngeal,  and  sometimes  the  occipital — 
all  of  which  end  in  the  internal  jugular.  The  nerves  in  this  space  are  the  following. 
In  front  of  the  sheath  of  the  common  carotid  is  the  ramus  descendens  hypoglossi. 
The  hypoglossal  nerve  crosses  both  the  internal  and  external  carotids  above, 
curving  around  the  origin  of  the  occipital  artery'.  Within  the  sheath,  between  the 
artery  and  vein,  and  behind  both,  is  the  vagus  nerve;  behind  the  sheath,  the  sym- 
pathetic trunk.  On  the  lateral  side  of  the  vessels,  the  accessory  nerve  runs  for  a 
short  distance  before  it  pierces  the  Sternocleidomastoideus;  and  on  the  medial 
side  of  the  external  carotid,  just  below  the  hyoid  bone,  may  be  seen  the  internal 
branch  of  the  superior  laryngeal  nerve;  and,  still  more  inferiorly,  the  external 
branch  of  the  same  nerve.  The  upper  portion  of  the  larynx  and  lower  portion  of 
the  pharynx  are  also  found  in  the  front  part  of  this  space. 

The  Submaxillary  or  Digastric  Triangle  corresponds  to  the  region  of  the  neck 
immediately  beneath  the  body  of  the  mandible.  It  is  bounded,  ahofte,  by  the  lower 
border  of  the  body  of  the  mandible,  and  a  line  drawn  from  its  angle  to  the  mastoid 
process;  heloWy  by  the  posterior  belly  of  the  Digastricus  and  the  Stylohyoideus; 
in  front,  by  the  anterior  belly  of  the  Digastricus.  It  is  covered  by  the  integument, 
superficial  fascia,  Platysma,  and  deep  fascia,  ramifying  in  which  are  branches 
of  the  facial  nerve  and  ascending  filaments  of  the  cutaneous  cervical  nerve.  Its 
floor  is  formed  by  the  Mylohyoideus,  Hyoglossus,  and  Constrictor  pharyngis 
superior.  It  is  divided  into  an  anterior  and  a  posterior  part  by  the  stylomandibular 
Jigamlent.  The  anterior  part  contains  the  submaxillary  gland,  superficial  to"wftl^ 
'  is  the  anterior  facial  vein,  while  imbedded  in  the  gland  is  the  external  maxillary 
artery  and  its  glandular  branches;  beneath  the  gland,  on  the  surface  of  the  Mylo- 
hyoideus, are  the  submental  artery  and  the  mylohyoid  artery  and  nerve.  The 
posterior  part  of  this  triangle  contains  the  external  carotid  artery,  ascending  deeply 
in  the  substance  of  the  parotid  gland;  this  vessel  lies  here  in  front  of,  and  super- 
ficial to,  the  internal  carotid,  being  crossed  by  the  facial  nerve,  and  gives  off  in 
its  course  the  posterior  auricular,  superficial  temp)oral,  and  internal  maxillary 
branches:  more  deeply  are  the  internal  carotid,  the  internal  jugular  vein,  and  the 
vagus  nerve,  separated  from  the  external  carotid  by  the  Styloglossus  and  Stylo- 
pharyngeus,  and  the  glossopharyngeal  nerve.^ 

The  Suprahyoid  Triangle  is  limited  behind  by  the  anterior  belly  of  the  Digastricus, 
m  front  by  the  middle  Une  of  the  neck  between  the  mandible  and  the  hyoid  bone; 
heUm,  by  the  body  of  the  hyoid  bone;  its  ^oar  is  formed  by  the  Mylohyoideus. 
It  contains  one  or  two  lymph  glands  and  some  small  veins;  the  latter  unite  to  form 
the  anterior  jugular  vein. 

Posterior  Triangle. — ^The  posterior  triangle  is  bounded,  in  front,  by  the  Sterno- 
cleidomastoideus; behind,  by  the  anterior  margin  of  the  Trapezius;  its  base  is  formed 

* 

1  The  remark  made  about  the  inferior  carotid  triangle  applies  also  to  this  one.  The  structures  enumerated  as  con- 
tained in  its  posterior  part  lie.  strictly  speaking,  beneath  the  muscles  which  form  the  posterior  boundary  of  the  tri- 
angle; but  as  it  is  very  important  to  bear  in  mind  their  close  relation  to  the  parotid  gland,  all  these  part«  are  spoken 
of  together. 
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py  the  middle  third  of  the  clavicle;  its  apex,  by  the  occipital  bone.  The  space 
^s  crossed,  about  2.5  cm.  above  the  clavicle,  bv  the  inferior  belly  of  the  Omo- 
*^yoideus,  which  divides  it  into  two  triangles,  an  upper  or  occipital,  and  a  lower  or 
subclavian. 

The  Occipital  Triangle,  the  larger  division  of  the  posterior  triangle,  is  bounded, 

^^  Srordy  by  the  Sternocleidomastoideus;  behind ^  by  the  Trapezius;  below,  by  the 

^^ohyoideus.    Its  floor  is  formed  from  above  downward  by  the  Splenius  capitis, 

^vator  scapulae,  and  the  Scaleni  medius  and  posterior.    It  is  covered  by  the  skin, 

^lie  superficial  and  deep  fasciae,  and  by  the  Platysma  below.    The  accessory  nerve 

^s  directed  obliquely  across  the  space  from  the  Sternocleidomastoideus,  which  it 

pierces,  to  the  under  surface  of  the  Trapezius;  below,  the  supraclavicular  nerves 

^^d  the  transverse  cervical  vessels  and  the  upper  part  of  the  brachial  plexus  cross 

4e  space.   A  chain  of  lymph  glands  is  also  found  running  along  the  posterior  border 

^^  the  Sternocleidomastoideus,  from  the  mastoid  process  to  the  root  of  the  neck. 

The  SubclaTian  Triangle,  the  smaller  division  of  the  posterior  triangle,  is  bounded, 
^wue,  by  the  inferior  belly  of  the  Omohyoideus;  below,  by  the  clavicle;  its  ba^e  is 
formed  by  the  posterior  border  of  the  Sterndcleidomastoideus.  Its  floor  is  formed 
\^y  the  first  rib  with  the  first  digitation  of  the  Serratus  anterior.  The  size  of  the 
subclavian  triangle  varies  with  the  extent  of  attachment  of  the  clavicular  portions 
of  the  Sternocleidomastoideus  and  Trapezius,  and  also  with  the  height  at  which 
the  Omohyoideus  crosses  the  neck.  Its  height  also  varies  according  to  the  position 
of  the  arm,  being  diminished  by  raising  the  limb,  on  account  of  the  ascent  of  the 
clavicle,  and  increased  by  drawing  the  arm  donwward,  when  that  bone  is  depressed. 
This  space  is  covered  by  the  integument,  the  superficial  and  deep  fasciae  and  the 
Platysma,  and  crossed  by  the  supraclavicular  nerves.  Just  above  the  level  of  the 
clavicle,  the  third  portion  of  the  subclavian  artery  curves  lateralward  and  downward 
from  the  lateral  margin  of  the  Scalenus  anterior,  across  the  first  rib,  to  the  axilla, 
and  this  is  the  situation  most  commonly  chosen  for  ligaturing  the  vessel.  Some- 
times this  vessel  rises  as  high  as  4  cm.  above  the  clavicle;  occasionally,  it  passes 
in  front  of  the  Scalenus  anterior,  or  pierces  the  fibres  of  that  muscle.  The  sub- 
clavian vein  lies  behind  the  clavicle,  and  is  not  usually  seen  in  this  space;  but  in 
some  cases  it  rises  as  high  as  the  artery,  and  has  even  been  seen  to  pass  with  that 
vessel  behind  the  Scalenus  anterior.  The  brachial  plexus  of  nerves  lies  above 
the  artery,  and  in  close  contact  with  it.  Passing  transversely  behind  the  clavicle 
are  the  transverse  scapular  vessels;  and  traversing  its  upper  angle  in  the  same 
direction,  the  transverse  cervical  artery  and  vein.  The  external  jugular  vein  runs 
vertically  dow^nward  behind  the  posterior  border  of  the  Sternocleidomastoideus, 
to  terminate  in  the  subclavian  vein;  it  receives  the  transverse  cervical  and  trans- 
verse scapular  veins,  which  form  a  plexus  in  front  of  the  artery,  and  occasionally 
a  small  vein  which  crosses  the  clavicle  from  the  cephalic.  The  small  nerve  to  the 
Subclavius  also  crosses  this  triangle  about  its  middle,  and  some  lymph  glands  are 
usually  found  in  the  space. 

The  Internal  Carotid  Artery  (A.  Carotis  Interna)  (Fig.  590). 

The  internal  carotid  artery  supplies  the  anterior  part  of  the  brain,  the  eye  and  its 
appendages,  and  sends  branches  to  the  forehead  and  nose.  Its  size,  in  the  adult, 
is  equal  to  that  of  the  external  carotid,  though,  in  the  child,  it  is  larger  than  that 
vessel.  It  is  remarkable  for  the  number  of  curvatures  that  it  presents  in  different 
parts  of  its  course.  It  occasionally  has  one  or  two  flexures  near  the  base  of  the  skull, 
while  in  its  passage  through  the  carotid  canal  and  along  the  side  of  the  body  of 
the  sphenoid  bone  it  describes  a  double  curvature  and  resembles  the  italic  letter  S. 

Course  and  Relations. — In  considering  the  course  and  relations  of  this  vessel 
it  may  be  divided  into  four  portions:  cerrical,  petrous,  cavernous,  and  cerebral. 
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Cervical  Portion. — This  portioB  of  the  internal  carotid  begins  at  the  bifurca- 
tion of  the  common  carotid,  opposite  the  upper  border  of  the  thyroid  cartilage, 
and  runs  perpendicularly  upward,  in  front  of  the  transverse  processes  of  the  upjwr 
three  cer\'ical  vertebne,  to  the  carotid  canal  in  the  petrous  portion  of  the  temporal 
bone.    It  is  comparatively  superficial  at  its  commencement,  where  it  is  containetl 


Fio.  590.— Ttae  inMrnal  carotid  sntl  vertebral  arUries.     Ri|bt  lide. 

in  the  carotid  triangle,  and  lies  behind  and  lateral  to  the  external  carotid,  over- 
lapped by  the  Sterriocleidomastoideus,  and  co\'ered  by  the  deep  fascia,  Platysnia, 
and  integument:  it  then  passes  beneath  the  parotid  gland,  being  crossed  by  the 
hypoglossal  nerve,  the  Digastriciis  and  Stylohyoideus,  and  the  occipital  and  pos- 
terior auricular  arteries.  Higher  up,  it  is  separated  from  the  external  carotid  by 
the  Styloglossus  and  Stylopharyngeus,  the  tip  of  the  stjioid  process  and  the  stylo- 
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hyoid  ligament,  the  glossopharyngeal  nerve  and  the  pharyngeal  branch  of  the  vagus. 
It  is  in  relation,  behind,  with  the  Longus  capitis,  the  superior  cervical  ganglion  of 
the  sympathetic  trunk,  and  the  superior  laryngeal  nerve;  laterally,  with  the  internal 
jugular  vein  and  vagus  nerve,  the  nerve  lying  on  a  plane  posterior  to  the  artery; 
medially,  with  the  pharynx,  superior  laryngeal  nerve,  and  ascending  pharyngeal 
artery.  At  the  base  of  the  skull  the  glossopharyngeal,  vagus,  accessory,  and  hypo- 
glossal nerves  lie  between  the  artery  and  the  internal  jugular  vein. 

Petrous  Portion. — ^When  the  internal  carotid  artery  enters  the  canal  in  the 
petrous  portion  of  the  temporal  bone,  it  first  ascends  a  short  distance,  then  curves 
forward  and  medialward,  and  again  ascends  as  it  leaves  the  canal  to  enter  the 
cavity  of  the  skull  between  the  lingula  and  petrosal  process  of  the  sphenoid.  The 
artery  lies  at  first  in  front  of  the  cochlea  and  tympanic  cavity;  from  the  latter 
cavity  it  is  separated  by  a  thin,  bony  lamella,  which  is  cribriform  in  the  young 
subject,  and  often  partly  absorbed  in  old  age,  Farther  forward  it  is  separated 
from  the  semilunar  ganglion  by  a  thin  plate  of  bone,  which  forms  the  floor  of  the 
fossa  for  the  ganglion  and  the  roof  of  the  hdrizontal  portion  of  the  canal.  Fre- 
quently this  Ipny  plate  is  more  or  less  deficient,  and  then  the  ganglion  is  separated 
from  the  artery  by  fibrous  membrane.  The  artery  is  separated  from  the  bony  wall 
of  the  carotid  canal  by  a  prolongation  of  dura  mater,  and  is  surrounded  by  a  number 
of  small  veins  and  by  filaments  of  the  carotid  plexus,  derived  from  the  ascending 
branch  of  the  superior  cervical  ganglion  of  the  sympathetic  trunk. 

Cayemous  Portion. — ^In  this  part  of  its  course,  the  artery  is  situated  between 
the  layers  of  the  dura  mater  forming  the  cavernous  sinus,  but  covered  by  the  lining 
membrane  of  the  sinus.  It  at  first  ascends  toward  the  posterior  clinoid  process, 
then  passes  forward  by  the  side  of  the  body  of  the  sphenoid  bone,  and  again  curves 
upward  on  the  medial  side  of  the  anterior  clinoid  process,  and  perforates  the  dura 
mater  forming  the  roof  of  the  sinus.  This  portion  of  the  artery  is  surrounded  by 
filaments  of  the  sympathetic  nerve,  and  on  its  lateral  side  is  the  abducent  nerve. 

Cerebral  Portion. — Having  perforated  the  dura  mater  on  the  medial  side  of 
the  anterior  clinoid  process)  the  internal  carotid  passes  between  the  optic  and  oculo- 
motor nerves  to  the  anterior  perforated  substance  at  the  medial  extremity  of  the 
lateral  cerebral  fissure,  where  it  gives  off  its  terminal  or  cerebral  branches. 

Pecnliftrities. — ^The  length  of  the  internal  carotid  varies  according  to  the  length  of  the  neck, 
and  also  according  to  the  point  of  bifurcation  of  the  common  carotid.  It  arises  sometimes  from 
the  arch  of  the  aorta;  in  such  rare  instances,  this  vessel  has  been  foimd  to  be  placed  nearer  the 
middle  Une  of  the  neck  than  the  external  carotid,  as  far  upward  as  the  larynx,  when  the  latter 
vessel  crossed  the  internal  carotid.  The  course  of  the  artery,  instead  of  being  straight,  may  be 
very  tortuous.  A  few  instances  are  recorded  in  which  this  vessel  was  altogether  absent;  in  one 
of  these  the  common  carotid  passed  up  the  neck,  and  gave  off  the  usual  branches  of  the  external 
carotid;  the  cranial  portion  of  the  internal  carotid  was  replaced  by  two  branches  of  the  internal 
maxillary,  which  entered  the  skull  through  the  foramen  rotundum  and  foramen  ovale,  and  joined 
to  form  a  single  vessel. 

Applied  Anatomy. — The  cervical  part  of  the  internal  carotid  is  very  rarely  wounded.  It  is, 
however,  sometimes  injured  by  a  stab  or  gunshot  wound  in  the  neck,  or  even  occasionally  by  a 
stab  from  within  the  mouth,  as  when  a  person  receives  a  thrust  from  the  end  of  a  parasol,  or  falls 
down  with  a  tobacco  pipe  in  his  mouth.  Although  the  internal  carotid  lies  about  2  cm.  behind 
and  lateral  to  the  tonsil,  instances  have  occiured  in  which  the  artery  has  been  wounded  during 
the  operation  of  excision  of  the  tonsil,  and  fatal  hemorrhage  has  supervened.  The  incision  for 
ligature  of  the  cervical  portion  of  the  internal  carotid  should  be  made  along  the  anterior  border 
of  the  Stemocleidomastoideus,  from  the  angle  of  the  mandible  to  the  upper  border  of  the  thyroid 
cartilage.  The  superficial  structures  being  divided,  and  the  Stemocleidomastoideus  defined 
and  drawn  lateralward,  the  areolar  tissue  must  be  carefully  separated  and  the  posterior  belly 
of  the  Digastricus  and  the  hypoglossal  nerve  sought  for  as  guides  to  the  vessel.  When  the  artery 
is  found,  the  external  carotid  should  be  drawn  medialward  and  the  Digastricus  upward,  and  the 
aneurism  needle  passed  from  the  lateral  to  the  medial  side. 

Obstruction  of  the  internal  carotid  by  embolism  or  thrombosis  may  give  rise  to  symptoms  of 
cerebral  anemia  and  softening  if  the  collateral  circulation  is  ill-developed.  The  patient  suffers 
from  giddiness,  with  failure  of  the  mental  powers;  and  convulsions,  coma,  or  hemiplegia  on  the 
opposite  side  of  the  body,  may  be  observed. 


648  ANGIOLOGY 

Branches. — ^The  cervical  p)ortion  of  the  internal  carotid  gives  off  no  branches. 
Those  from  the  other  portions  are: 

T?       AT,    n  J         n   A'  (Caroticotympanic. 

Frcm  the  Petrom  PoHwn        -^^^^  of  the  Pterygoid  Canal. 


From  the  Cavernous  Portion 


From  the  Cerebral  Portion 


Cavernous. 
Hypophyseal. 
Semilunar. 
Anterior  Meningeal. 
Ophthalmic. 

Anterior  Cerebral. 
Middle  Cerebral. 
Posterior  Communicating. 
Choroidal. 


1.  The  caroticot3rmpamc  branch  (ramus  caroticotym'panicus;  tym/panic  branch) 
is  small;  it  enters  the  tympanic  cavity  through  a  minute  foramen  in  the  carotid 
canal,  and  anastomoses  with  the  anterior  tympanic  branch  of  the  internal  maxillar}', 
and  with  the  stylomastoid  artery. 

2.  The  artery  of  the  pterygoid  canal  (a.  canilis  pterygoidei  [Vidii];  Vidian  artery) 
is  a  small,  inconstant  branch  which  passes  into  the  pterygoid  canal  and  anas* 
tomoses  with  a  branch  of  the  internal  maxillary  artery. 

3.  The  cavemous  branches  are  numerous  small  vessels  which  supply  the  hypo- 
physis, the  semilunar  ganglion,  and  the  walls  of  the  cavernous  and  inferior  petrosal 
sinuses.    Some  of  them  anastomose  with  branches  of  the  middle  meningeal. 

4.  The  hypophyseal  branches  are  one  or  two  minute  vessels  supplying  .the 
hypophysis. 

5.  The  semilunar  branches  are  small  vessels  to  the  semilunar  ganglion. 

6.  The  anterior  meningeal  branch  (a.  meningea  anterior)  is  a  small  branch  which 
passes  over  the  small  wing  of  the  sphenoid  to  supply  the  dura  mater  of  the  anterior 
cranial  fossa;  it  anastomoses  with  the  meningeal  branch  from  the  posterior  eth- 
moidal artery. 

7.  The  ophfhahnic  artery  (a.  ophthalmica)  (Fig.  591)  arises  firom  the  internal 
carotid,  just  as  that  vessel  is  emerging  from  the  cavemous  sinus,  on  the  medial 
side  of  the  anterior  clinoid  process,  and  enters  the  orbital  cavity  through  the  optic 
foramen,  below  and  lateral  to  the  optic  nerve.  It  then  passes  over  the  nerve  to 
reach  the  medial  wall  of  the  orbit,  and  thence  horizontally  forward,  beneath  the 
lower  border  of  the  Obliquus  superior,  and  divides  it  into  two  terminal  branches, 
the  frontal  and  dorsal  nassd.  As  ^e  artery  crosses  the  optic  nerve  it  is  accompanied 
by  the  nasociliary  nerve,  and  is  separated  from  the  frontal  nerve  by  the  Rectus 
superior  and  Levator  palpebrae  superioris. 

Branches. — ^The  branches  of  the  ophthalmic  artery  may  be  divided  into  an  orbital 
group,  distributed  to  the  orbit  and  surrounding  parts;  and  an  ocular  gronp,  to  the 
muscles  and  bulb  of  the  eye. 

Orbital  Group,  Ocular  Group. 

Lacrimal.  Central  Artery  of  the  Retina. 

Supraorbital.  Short  Posterior  Ciliary. 

Posterior  Ethmoidal.  Long  Posterior  Ciliary. 

Anterior  Ethmoidal.  Anterior  Ciliary. 

Medial  Palpebral.  Muscular. 

Frontal. 

Dorsal  Nasal. 
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The  Lacrimal  Artery  (a.  lacrimalis)  arises  close  to  the  optic  foramen,  and  is  one 
of  the  largest  branches  derived  from  the  ophthalmic:  not  infrequently  it  is  given 
off  before  the  artery  enters  the  orbit.  It  accompanies  the  lacrimal  iier\'e  along 
the  upper  border  of  the  Rectus  lateralis,  and  supplies  the  lacrimal  gland.  Its 
terminal  branches,  escaping  from  the  gland,  are  distributed  to  the  eyelids  and  con- 
junctiva :  of  those  supplying  the  eyelids,  two  are  of  considerable  size  and  are  named 
the  lateral  palpebral  arteries;  the,\-  run  medialward  in  the  upper  and  lower  lids 
respectively  and  anastomose  with  the  medial  palpebral  arteries,  forming  an  arterial 
circle  in  this  situation.  The  lacrimal  artery  give  off  one  or  two  ijgomatic  branches, 
one  of  which  passes  through  the  zygomatico-temporal  foramen,  to  reach  the  tem- 
poral fossa,  and  anastomoses  with  the  deep  temporal  arteries;  another  appears 
on  the  cheek  through  the  zygomatico-facial  foramen,  and  anastomoses  with  the 
transverse  facial.  A  lecurrent  branch  passes  backward  through  the  lateral  part  of 
the  superior  orbital  fissure  to  the  dura  mater,  and  anastomoses  with  a  branch  of 
the  middle  meningeal  artery.  The  lacrimal  artery  is  sometimes  derived  from  one 
of  the  anterior  branches  of  the  middle  meningeal  artery. 

Dortal  natal        Medial  palpebral 


AnUrioT  tUimoid 


Fotttricr  dhmoid 


Fio.  G9I. — The  ophthalmic  artery  and  ita  branchta. 

The  Sapraorbital  Artery  (a.  siipraorbitalvi)  springs  from  the  ophthalmic  as  that 
vessel  is  crossing  over  the  optic  nerve.  It  passes  upward  on  the  medial  borders 
of  the  Rectus  superior  and  Levator  palpebrae,  and  meeting  the  supraorbital  nerve 
accompanies  it  between  the  periosteum  and  Levator  palpebrae  to  the  supraorbital 
foramen;  passing  through  this  it  divides  into  a  superficial  and  a  deep  branch, 
which  supply  the  integument,  the  muscles,  and  the  pericranium  of  the  forehead, 
anastomosing  with  the  frontal,  the  frontal  branch  of  the  superficial  temporal,  and 
the  artery  of  the  opposite  side.  This  artery  in  the  orbit  supplies  the  Rectus  superior 
and  the  Levator  palpebrae,  and  sends  a  branch  across  the  pulley  of  the  Obliquus 
superior,  to  supply  the  parts  at  the  medial  palpebral  commissure.  At  the  supra- 
orbital foramen  it  frequently  transmits  a  branch  to  the  diploe. 
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The  Ethmoidal  Arteries  are  two  in  number:  posterior  and  anterior.  The  posterior 
ethmoidal  artery,  the  smaller,  passes  through  the  posterior  ethmoidal  canal,  supplies 
the  posterior  ethmoidal  cells,  and,  entering  the  cranium,  gives  off  a  meningeal 
branch  to  the  dura  mater,  and  nasal  branches  which  descend  into  the  nasal  cavity 
through  apertures  in  the  cribriform  plate,  anastomosing  with  branches  of  the 
sphenopalatine.  The  anterior  ethmoidal  artery  accompanies  the  nasociliary  nerve 
through  the  anterior  ethmoidal  canal,  supplies  the  anterior  and  middle  ethmoidal 
cells  and  frontal  sinus,  and,  entering  the  cranium,  gives  off  a  meningeal  branch 
to  the  dura  mater,  and  nasal  branches;  these  latter  descend  into  the  nasal  cavity 
through  the  slit  by  the  side  of  the  crista  galli,  and,  running  along  the  groove  on 
the  inner  surface  of  the  nasal  bone,  supply  branches  to  the  lateral  wall  and  septum 
of  the  nose,  and  a  terminal  branch  which  appears  on  the  dorsum  of  the  nose  between 
the  nasal  bone  and  the  lateral  cartilage. 

The  Medial  Palpebral  Arteries  {aa,  palpebrales  mediales;  internal  palpebral 
arteries),  two  in  number,  superior  and  inferior,  arise  from  the  ophthalmic,  opposite 
the  pulley  of  the  Obliquus  superior;  they  leave  the  orbit  to  encircle  the  eyelids 
near  their  free  margins,  forming  a  superior  and  an  inferior  arch,  which  lie  between 
the  Orbicularis  oculi  and  the  tarsi.  The  superior  palpebral  anastomoses,  at  the 
lateral  angle  of  the  orbit,  with  the  zygomaticoorbital  branch  of  the  temporal  artery 
and  with  the  upper  of  the  two  lateral  palpebral  branches  from  the  lacrimal  arterj^; 
the  inferior  palpebral  anastomoses,  at  the  lateral  angle  of  the  orbit,  with  the  lower 
of  the  two  lateral  palpebral  branches  from  the  lacrimal  and  with  the  transverse 
facial  artery,  and,  at  the  medial  part  of  the  lid,  with  a  branch  from  the  angular 
artery.  From  this  last  anastomoses  a  branch  passes  to  the  nasolacrimal  duct, 
ramifying  in  its  mucous  membrane,  as  far  as  the  inferior  meatus  of  the  nasal 
cavity. 

The  Frontal  Artery  (a.  frontalis),  one  of  the  terminal  branches  of  the  ophthalmic, 
leaves  the  orbit  at  its  medial  angle  with  the  supratrochlear  nerve,  and,  ascending 
on  the  forehead,  supplies  the  integument,  muscles,  and  pericranium,  anastomosing 
with  the  supraorbital  artery,  and  with  the  artery  of  the  opposite  side. 

The  Dorsal  Nasal  Artery  (a.  dorsalis  na&i;  nasal  artery),  the  other  terminal  branch 
of  the  ophthalmic,  emerges  from  the  orbit  above  the  medial  palpebral  ligament, 
and,  after  giving  a  twig  to  the  upper  part  of  the  lacrimal  sac,  divides  into  two 
branches,  one  of  which  crosses  the  root  of  the  nose,  and  anastomoses  with  the 
angular  artery,  the  other  runs  along  the  dorsum  of  the  nose,  supplies  its  outer 
surface;  and  anastomoses  with  the  artery  of  the  opposite  side,  and  with  the  lateral 
nasal  branch  of  the  external  maxillarv. 

The  Central  Artery  of  the  Retina  (a.  centralis  retinae)  is  the  first  and  one  of  the 
smallest  branches  of  the  ophthalmic  artery.  It  runs  for  a  short  distance  within 
the  dural  sheath  of  the  optic  nerve,  but  about  1 .25  cm.  behind  the  eyeball  it  pierces 
the  nerve  obliquely,  and  runs  forward  in  the  centre  of  its  substance  to  the  retina. 
Its  mode  of  distribution  will  be  described  with  the  anatomy  of  the  eye. 

The  Ciliary  Arteries  (ora,  ciliares)  are  divisible  into  three  groups,  the  long  and  short, 
posterior,  and  the  anterior.  The  short  posterior  ciliary  arteries  from  six  to  twelve 
in  number,  arise  from  the  ophthalmic,  or  its  branches;  they  pass  forward  around  the 
optic  nerve  to  the  posterior  part  of  the  eyeball,  pierce  the  sclera  around  the  entrance 
of  the  nerve,  and  supply  the  choroid  and  ciliary  processes.  The  long  posterior 
ciliary  arteries,  two  in  number,  pierce  the  posterior  part  of  the  sclera  at  some  little 
distance  from  the  optic  nerve,  and  run  forward,  along  either  side  of  the  eyeball, 
between  the  sclera  and  choroid,  to  the  ciliarv  muscle,  where  they  divide  into  two 
branches;  these  form  an  arterial  circle,  the  circulus  arteriosus  major,  around  the 
circumference  of  the  iris,  from  which  numerous  converging  branches  run,  in  the 
substance  of  the  iris,  to  its  pupillary  margin,  where  they  form  a  second  arterial 
circle,  the  circulus  arteriosus  minor.    The  anterior  ciliary  arteries  are  derived  from 
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ne  muscular  branches;  they  run  to  the  front  of  the  eyeball  in  companj'  with  the 
^ndons  of  the  Recti,  form  a  vascular  zone  beneath  the  conjunctiva,  and  then 
Pvepce  the  sclera  a  short  distance  from  the  cornea  and  end  in  the  circulus  arteriosus 
major. 

The  Mnacnlar  Branches,  (rami  musculares),  two  in  number,  saperior  and  inlerior, 
'^lentlj-  spring  from  a  common  trunk.  The  saperioi,  often  wanting,  supplies 
yi*  levator  palpebrae  superioris.  Rectus  superior,  and  Obliquua  superior.  The 
^Mior,  more  constantly-  present,  passes  forward  between  the  optic  nerve  and  Rectus 
interior,  and  is  distributed  to  the  Recti  lateralis,  medialis,  and  inferior,  and  the 
Obliquus  inferior.  This  vessel  gives  off  most  of  the  anterior  ciliary  arteries.  Addi- 
twnal  muscular  branches  are  given  off  from  the  lacrimal  and  supraorbital  arteries, 
or  from  the  trunk  of  the  ophthalmic. 


8.  The  anterior  cerebral  artery  (a.  cerebri  anterior)  (Figs.  592,  593,  594)  arises 
from  the  internal  carotid,  at  the  medial  extremitj'  of  the  lateral  cerebral  fissure. 
It  passes  forward  and  medialward  across  the  anterior  perforated  substance,  above 
the  optic  ner\e,  to  the  commencement  of  the  longitudinal  fissure.  Here  it  comes 
into  close  relationship  with  the  opposite  arter>-,  to  which  it  is  connected  by  a  short 
trunk,  the  anterior  communicatiBg  artery.  From  this  point  the  two  vessels  run  side 
by  .side  in  the  longitudinal  fissure,  curve  around  the  genu  of  the  corpus  callosum, 
and  turning  backward  continue  along  the  upper  surface  of  the  corpus  callosum 
to  its  posterior  part,  where  they  end  bj-  anastomosing  with  the  posterior  cerebral 
arteries. 
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Branches. — In  its  course  the  anterior  cerebral  artery  gives  off  the  following 
branches: 


Antero-medial  Ganglionic. 
Inferior. 


Anterior. 
Middle. 


Posterior. 


The  Antero-medial  Ganglionic  Branches  are  a  group  of  small  arteries  which  arise 
at  the  commencement  of  the  anterior  cerebral  artery;  they  pierce  the  anterior 
perforated  substance  and  lamina  terminalis,  and  supply  the  rostrum  of  the  corpus 


Fia.  593. — Outer  surface  of  cerebral  hemisphere,  showing  areas  supplied  by  cerebral  arteries. 

callosiun^  the  septum  pellucidum,  and  the  head  of  the  caudate  nucleus.  The 
inferior  branches,  two  or  three  in  number,  are  distributed  to  the  orbital  surface  of 
the  frontal  lobe,  where  they  supply  the  olfactory  lobe,  g\Tus  rectus,  and  internal 
orbital  gyrus.  The  anterior  branches  supply  a  part  of  the  superior  frontal  g>Tus, 
and  send  twigs  over  the  edge  of  the  hemisphere  to  the  superior  and  middle  frontal 
gyri  and  upper  part  of  the  anterior  central  gyrus.  The  middle  branches  supply 
the  corpus  callosum,  the  cingulate  gjTus,  the  medial  surface  of  the  superior  frontal 
gyrus,  and  the  upper  part  of  the  anterior  central  gyrus.  The  posterior  branches 
supply  the  precuneus  and  adjacent  lateral  surface  of  the  hemisphere. 


Fig.  594. — Medial  surface  of  cerebral  hemi^here,  showing  areas  supplied  by  cerebral  arteries. 

The  Anterior  Conmiunicating  Artery  (a.  communicans  anterior)  connects  the  two 
anterior  cerebral  arteries  across  the  commencement  of  the  longitudinal  fissure. 
Sometimes  this  vessel  is  wanting,  the  two  arteries  joining  together  to  form  a 
single  trunk,  which  afterward  divides;  or  it  may  be  w^hoUy,  or  partially,  divided 
into  two.  Its  length  averages  about  4  mm.,  but  varies  greatly.  It  gives  off  some 
of  the  antero-medial  ganglionic  vessels,  but  these  are  principally  derived  from  the 
anterior  cerebral. 

9.  The  middle  cerebral  artery  (a.  cerebri  media)  (Figs.  592,  593),  the  largest 
branch  of  the  internal  carotid,  runs  at  first  lateralward  in  the  lateral  cerebral  or 
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Sylvian  fissure  and  then  backward  and  upward  on  the  surface  of  the  insula,  where 
it  divides  into  a  number  of  branches  which  are  distributed  to  the  lateral  surface 
of  the  cerebral  hemisphere. 
Branches. — ^The  branches  of  this  vessel  are  the: 

Antero-lateral  Ganglionic.  Ascending  Parietal. 

Inferior  Lateral  Frontal.  Parietotemporal. 

Ascending  Frontal.  Temporal. 

The  Antero-lateral  Ganglionic  Branches,  a  group  of  small  arteries  which  arise  at 
the  commencement  of  the  middle  cerebral  artery,  are  arranged  in  two  sets:  one, 
the  internal  striate,  passes  upward  through  the  inner  segments  of  the  lentiform 
nucleus,  and  supplies  it,  the  caudate  nucleus,  and  the  internal  capsule;  the  other, 
the  external  striate,  ascends  through  the  outer  segment  of  the  lentiform  nucleus, 
and  supplies  the  caudate  nucleus  and  the  thalamus.  One  artery  of  this  group 
is  of  larger  size  than  the  rest,  and  is  of  special  importance,  as  being  the  arterj'  in 
the  brain  most  frequently  ruptured;  it  has  been  termed  by  Charcot  the  artery 
of  cerebral  hemorrhage.  It  ascends  between  the  lentiform  nucleus  and  the  external 
capsule,  and  ends  in  the  caudate  nucleus.  The  inferior  lateral  frontal  supplies 
the  inferior  frontal  gyrus  {Broca's  convohUion)  and  the  lateral  part  of  the  orbital 
surface  of  the  frontal  lobe.  The  ascending  frontal  supplies  the  anterior  central 
gyrus.  The  ascending  parietal  is  distributed  to  the  posterior  central  gyrus  and  the 
lower  part  of  the  superior  parietal  lobule.  The  parietotemporal  supplies  the  supra- 
marginal  and  angular  gyri,  and  the  posterior  parts  of  the  superior  and  middle 
temporal  gyri.  The  temporal  branches,  two  or  three  in  number,  are  distributed 
to  the  lateral  surface  of  the  temporal  lobe. 

10.  The  posterior  communicating  artery  (a.  communicant  posterior)  (Fig.  592) 
runs  backw^ard  from  the  internal  carotid,  and  anastomoses  with  the  posterior 
cerebral,  a  branch  of  the  basilar.  It  varies  in  size,  being  sometimes  small,  and  occa- 
sionally so  large  that,  the  posterior  cerebral  may  be  considered  as  arising  from  the 
internal  carotid  rather  than  from  the  basilar.  It  is  frequently  larger  on  one  side 
than  on  the  other.  From  its  posterior  half  are  given  off  a  number  of  small  branches, 
the  postero-medial  ganglionic  branches,  which,  with  similar  vessels  from  the  posterior 
cerebral,  pierce  the  posterior  perforated  substance  and  supply  the  medial  surface 
of  the  thalami  and  the  walls  of  the  third  ventricle. 

11.  The  anterior  choroidal  (a.  chorioidea;  choroid  artery)  is  a  ^mall  but  constant 
branch,  which  arises  from  the  internal  carotid,  near  the  posterior  communicating 
artery.  Passing  backward  and  lateralward  between  the  temporal  lobe  and  the 
cerebral  peduncle,  it  enters  the  inferior  horn  of  the  lateral  ventricle  through  the 
choroidal  fissure  and  ends  in  the  choroid  plexus.  It  is  distributed  to  the  hippo- 
campus, fimbria,  tela  chorioidea  of  the  third  ventricle,  and  choroid  plexus. 


THE   ARTERIES   OF  THE  BRAIN. 

Since  the  mode  of  distribution  of  the  vessels  of  the  brain  has  an  important 
bearing  upon  a  considerable  number  of  the  pathological  lesions  which  may  occur 
in  this  part  of  the  nervous  system,  it  is  important  to  consider  a  little  more  in  detail 
the  manner  in  which  the  vessels  are  distributed. 

The  cerebral  arteries  are  derived  from  the  internal  carotid  and  vertebral,  which 
at  the  base  of  the  brain  form  a  remarkable  anastomosis  known  as  the  arterial  circle 
of  Willis.  It  is  formed  in  front  by  the  anterior  cerebral  arteries,  branches  of  the 
internal  carotid,  which  are  connected  together  by  the  anterior  communicating; 
behind  by  the  two  posterior  cerebral  arteries,  branches  of  the  basilar,  which  are 
connected  on  either  side  with  the  internal  carotid  by  the  posterior  communicating 


654 


ANGIOLOGY 


Int,  carotid 


ArU»  cammuniciUing 
Ani,  cerebral 


Poet  com- 
munkating 


(Figs.  592,  595).  The  parts  of  the  brain  included  within  this  arterial  circle  are 
the  lamina  terminalis,  the  optic  chiasma,  the  infundibulum,  the  tuber  cinereum, 
the  corpora  mamillaria,  and  the  posterior  perforated  substance. 

The  three  trunks  which  together  supply  each  cerebral  hemisphere  arise  from  the 
arterial  circle  of  Willis.  From  its  anterior  part  proceed  the  two  anterior  cerebrals, 
from  its  antero-lateral  parts  the  middle  cerebrals,  and  from  its  posterior  part  the 
posterior  cerebrals.  Each  of  these  principal  arteries  gives  origin  to  two  different 
systems  of  secondary  vessels.  One  of  these  is  named  the  ganglionic  system,  and  the 
vessels  belonging  to  it  supply  the  thalami  and  corpora  striata;  the  other  is  the  cortical 
system,  and  its  vessels  ramify  in  the  pia  mater  and  supply  the  cortex  and  subjacent 
brain  substance.  These  two  systems  do  not  communicate  at  any  point  of  their 
peripheral  distribution,  but  are  entirely  independent  of  each  other,  and  there  is 

between  the  parts  supplied  by  the  two  sys- 
tems a  borderland  of  diminished  nutritive 
activity,  where,  it  is  said,  softening  is  especi- 
ally liable  to  occur  in  the  brains  of  old  people. 
The  Ganglionic  System. — All  the  vessels 
of  this  system  are  given  off  from  the  arterial 
circle  of  Willis,  or  from  the  vessels  close  to 
it.  They  form  six  principal  groups:  (I)  the 
antero-medial  group,  derived  from  the  anterior 
cerebrals  and  anterior  communicating;  (II) 
the  postero-medial  group,  from  the  pK>sterior 
cerebrals  and  posterior  communicating;  (III 
and  IV)  the  right  and  left  antero-lateral 
groups,  from  the  middle  cerebrals;  and  (V 
and  VI)  the  right  and  left  postero-lateral 
groups,  from  the  posterior  cerebrals,  after 
they  have  wound  around  the  cerebral  pedun- 
cles. The  vessels  of  this  system  are  larger 
than  those  of  the  cortical  system,  and  are 
what  Cohnheim  designated  terminal  arteries 
— that  is  to  say,  vessels  which  from-  their 
origin  to  their  termination  neither  supply 
nor  receive  any  anastomotic  branch,  so  that, 
through  any  one  of  the  vessels  only  a  limited 
area  of  the  thalamus  or  corpus  striatum  can 
be  injected,  and  the  injection  cannot  bedriven 
beyond  the  area  of  the  part  supplied  by  the 
particular  vessel  which  is  the  subject  of  the 
experiment. 
The  Cortical  Arterial  System. — The  vessels  forming  this  system  are  the  terminal 
branches  of  the  anterior,  middle,  and  posterior  cerebral  arteries.  They  divide 
and  ramify  in  the  substance  of  the  pia  mater,  and  give  off  branches  which  penetrate 
the  brain  cortex,  perpendicularly.  These  branches  are  divisible  into  two  classes, 
long  and  short.  The  long,  or  medullary  arteries,  pass  through  the  gray  substance 
and  penetrate  the  subjacent  white  substance  to  the  depth  of  3  or  4  cm.,  without 
intercommunicating  otherwise  than  by  very  fine  capillaries,  and  thus  constitute 
so  many  independent  small  systems.  The  diort  vessels  are  confined  to  the  cortex, 
where  they  form  with  the  long  vessels  a  compact  net-work  in  the  middle  zone 
of  the  gray  substance,  the  outer  and  inner  zones  being. sparingly  supplied  with 
blood.  The  vessels  of  the  cortical  arterial  svstem  are  not  so  strictly  "terminal" 
as  those  of  the  ganglionic  system,  but  they  approach  this  type  very  closely,  so 
that  injection  of  one  area  from  the  vessel  of  another  area,  though  possible,  is 
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Fio.  595. — Diagram  of  the  arterial  circulation  at 
the  base  of  the  brain.  A.L.  Antero-lateral.  A.M. 
Antero-medial.  P.L.  Poatero-lateral.  P.M.  Postero- 
medial ganglionic  branches. 
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frequently  very  difficult,  and  is  only  effected  through  vessels  of  small  calibre.  As 
a  result  of  this,  obstruction  of  one  of  the  main  branches,  or  its  divisions,  may  have 
the  effect  of  producing  softening  in  a  limited  area  of  the  cortex. 

THE  ABTEBIES  OF  THE  UPPER  EXTREMITY. 

The  artery  which  supplies  the  upper  extremity  continues  as  a  single  trunk 
from  its  commencement  down  to  the  elbow ;  but  different  portions  of  it  have  received 
different  names,  according  to  the  regions  through  w^hich  they  pass.  That  part 
of  the  vessel  which  extends  from  its  origin  to  the  outer  border  of  the  first  rib  is 
termed  the  subclavian;  beyond  this  point  to  the  lower  border  of  the  axilla  it  is 
named  the  axillary;  and  from  the  lower  margin  of  the  axillary  space  to  the  bend 
of  the  elbow  it  is  termed  brachial;  here  the  trunk  ends  by  dividing  into  two  branches 
the  radial  and  ulnar. 

THE  SUBCLAVIAN  ARTERY  (A.  SUBCLAVIA)  (Fig.  596). 

On  the  right  side  the  subclavian  artery  arises  from  the  innominate  artery  behind 
the  right  sternoclavicular  articulation:  on  the  left  side  it  springs  from  the  arch 
of  the  aorta.  The  two  vessels,  therefore,  in  the  first  part  of  their  course,  differ 
in  length,  direction,  and  relation  with  neighboring  structures. 

In  order  to  facilitate  the  description,  each  subclavian  artery  is  divided  into 
three  parts.  The  first  portion  extends  from  the  origin  of  the  vessel  to  the  medial 
border  of  the  Scalenus  anterior;  the  second  lies  behind  this  muscle;  and  the  third 
extends  from  the  lateral  margin  of  the  muscle  to  the  outer  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  The  first  portions  of  the  two  vessels  require 
separate  descriptions;  the  second  and  third  parts  of  the  two  arteries  are  practically 
alike. 

Pirst  Part  of  the  Right  Subclavian  Artery  (Figs.  583,  596).— The  first  part  of 
the  right  subclavian  artery  arises  from  the  innominate  artery,  behind  the  upper 
part  of  the  right  sternoclavicular  articulation,  and  passes  upward  and  lateralward 
to  the  medial  margin  of  the  Scalenus  anterior.  It  ascends  a  little  above  the  clavicle, 
the  extent  to  which  it  does  so  varying  in  different  cases. 

BelatiOiiB. — It  is  covered,  in  frontf  by  the  integument,  superficial  fascia,  Platysma,  deep  fascia, 
the  clavicular  origin  of  the  Stemocleidomastoideus,  the  Stemohyoideus,  and  Sternothyreoideus, 
and  another  layer  of  the  deep  fascia.  It  is  crossed  by  the  internal  jugular  and  vertebral  veins, 
by  the  vagus  nerv^e  and  the  cardiac  branches  of  the  vagus  and  sympathetic,  and  by  the  sub- 
clavian loop  of  the  sympathetic  trunk  which  forms  a  ring  around  the  vessel.  The  anterior  jugular 
vein  is  directed  lateralward  in  front  of  the  artery,  but  is  separated  from  it  by  the  Stemohyoideus 
and  Sternothyreoideus.  Below  and  behind  the  artery  is  the  pleura,  which  separates  it  from  the 
apex  of  the  lung;  behind  is  the  sympathetic  trunk,  the  Longus  colli  and  the  first  thoracic  vertebra. 
The  right  recurrent  nerve  winds  around  the  lower  and  back  part  of  the  vessel. 

Pirst  Part  of  the  Left  Subclavian  Artery  (Fig.  583).— The  first  part  of  the  left 
subclavian  arter>'  arises  from  the  arch  of  the  aorta,  behind  the  left  common  carotid, 
and  at  the  level  of  the  fourth  thoracic  vertebra;  it  ascends  in  the  superior  medias- 
tinal cavity  to  the  root  of  the  neck  and  then  arches  lateralward  to  the  medial 
border  of  the  Scalenus  anterior. 

Relations. — It  is  in  relation,  in  froni,  with  the  vagus,  cardiac,  and  phrenic  nerves,  which  he 
parallel  with  it,  the  left  common  carotid  artery,  left  internal  jugular  and  vertebral  veins,  and 
the  commencement  of  the  left  innominate  vein,  and  is  covered  by  the  Sternothyreoideus,  Stemo- 
hyoideus, and  Stemocleidomastoideus;  behind,  it  is  in  relation  with  the  oesophagus,  thoracic 
duct,  left  recurrent  nerve,  inferior  cervical  ganglion  of  the  sympathetic  trunk,  and  Longus  colli; 
higher  up,  however,  the  oesophagus  and  thoracic  duct  he  to  its  right  side;  the  latter  ultimately 
arching  over  the  vessel  to  join  the  angle  of  union  between  the  subclavian  and  internal  jugular 
veins.  Medial  to  it  are  the  oesophagus,  trachea,  thoracic  duct,  and  left  recurrent  nerv'e;  lateral 
to  it,  the  left  pleura  and  lung. 


r 


Second  and  Third  Ports  of  the  Subelavian  Aiteiy  (Fig.  596).— The  second 
portion  of  the  subclavian  artery  lies  behind  the  Scalenus  anterior;  it  is  very  short, 
and  forms  the  highest  part  of  the  arch  described  by  the  vessel. 


I.  SM. — Suparflcul  dinectioa  at  the  richt  siile  ot  the  neck.  staoiriDC  the  carotid  sod  lubclaviui  ki 


—It  ia  covered,  in  jrrnU,  by  the  skin,  auperficial  fascia,  Platysmo,  deep  cervical 
fascia,  Sternocleidomastoideus,  and  Scalenus  anterior.  On  the  right  aide  of  the  neck  the 
phrenic  nerve  ia  separated  from  the  second  part  of  the  artery  by  the  Scalenus  anterior,  while 
on  the  left  aide  it  croBsea  the  first  part  of  the  artery  close  to  the  medial  edge  of  the  muscle. 
Behind  the  veasel  are  the  pleura  and  the  Sculenus  medius;  <^)ovc,  the  brachial  plexus  of  nerves; 
belmo,  the  pleura.  The  subclavian  vein  lies  below  and  in  front  of  the  artery,  separated  from  it 
by  the  Scalenus  anterior. 

The  third  portion  of  the  subclavian  arterj-  runs  downward  and  lateralward  from 
the  lateral  margin  of  the  Scalenus  anterior  to  the  outer  border  of  the  first  rib, 
where  it  becomes  the  axillary  arterj-.  This  is  the  most  superficial  portion  of  the 
vessel,  and  is  contained  in  the  subclavian  triangle  (see  page  643). 
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Relatioiui. — ^It  is  covered,  in  frontj  by  the  skin,  the  superficial  fascia,  the  Platysma,  the  supra- 
clavicular nerves,  and  the  deep  cervical  fascia.  The  external  jugular  vein  crosses  its  medial 
part  and  receives  the  transverse  scapular,  transverse  cervical,  and  anterior  jugular  veins,  which 
frequently  form  a  plexus  in  front  of  the  artery.  Behind  the  veins,  the  nerve  to  the  Subclavius 
descends  in  front  of  the  artery.  The  terminal  part  of  the  artery  lies  behind  the  clavicle  and  the 
Subclavius  and  is  crossed  by  the  transverse  scapular  vessels.  The  subclavian  vein  is  in  front 
of  and  at  a  slightly  lower  level  than  the  artery.  •  Behindf  it  lies  on  the  lowest  trunk  of  the  brachial 
plexus,  which  intervenes  between  it  and  the  Scalenus  medius.  Above  and  to  its  lateral  side  are 
the  upper  trunks  of  the  brachial  plexus  and  the  Omohyoideus.  BelaWf  it  rests  on  the  upper 
surface  of  the  first  rib. 

PeeulUrities. — The  subclavian  arteries  vary  in  their  origin,  their  course,  and  the  height  to 
which  they  rise  in  the  neck. 

The  origin  of  the  right  subclavian  from  the  innominate  takes  place,  in  some  cases,  above  the 

sternoclavicular  articulation,  and  occasionally,  but  less  frequently,  below  that  joint.    The  artery 

may  arise  as  a  separate  trunk  from  the  arch  of  the  aorta,  and  in  such  cases  it  may  be  either  the 

first,  second,  third,  or  even  the  last  branch  derived  from  that  vessel;  in  the  majority,  however, 

it  is  the  first  or  last,  rarely  the  second  or  third.   When  it  is  the  first  branch,  it  occupies  the  ordinary 

position  of  the  innominate  artery;  when  the  second  or  third,  it  gains  its  usual  position  by  passing 

behind  the  right  carotid;  and  when  the  last  branch,  it  arises  from  the  left  extremity  of  the  arch, 

and  passes  obliquely  toward  the  right  side,  usually  behind  the  trachea,  oesophagus,  and  right 

carotid,  sometimes  between  the  cesophagus  and  trachea,  to  the  upper  border  of  the  first  rib, 

whence  it  follows  its  ordinary  course.    In  very  rare  instances,  this  vessel  arises  from  the  thoracic 

aorta,  as  low  down  as  the  fourth  thoracic  vertebra.    Occasionally,  it  perforates  the  Scalenus 

anterior;  more  rarely  it  passes  in  front  of  that  muscle.    Sometimes  the  subclavian  vein  passes 

with  the  artery  behind  the  Scalenus  anterior.    The  artery  may  ascend  as  high  as  4  cm.  above 

the  clavicle,  or  any  intermediate  point  between  this  and  the  upper  border  of  the  bone,  the  right 

subclavian  usually  ascending  higher  than  the  left. 

The  left  subclavian  is  occasionally  joined  at  its  origin  with  the  left  carotid. 

The  left  subclavian  artery  is  more  deeply  placed  than  the  right  in  the  first  part  of  its  course, 

and,  as  a  rule,  does  not  reach  quite  as  high  a  level  in  the  neck.    The  posterior  border  of  the  Stemo- 

cleidomastoideus  corresponds  pretty  closely  to  the  lateral  border  of  the  Scalenus  anterior,  so 

that  the  third  portion  of  the  artery,  the  part  most  accessible  for  operation,  lies  immediately 

lateral  to  the  posterior  border  of  the  Stemocleidomastoideus. 

Applied  Anatomy. — An  aneurism  may  form  .on  any  part  of  the  subclavian  artery,  except  the 
intrathoracic  portion  of  the  left  vessel,  which  is  said  never  to  be  the  seat  of  aneurism.  The  most 
common  site  is,  however,  the  third  portion,  especially  on  the  right  side,  on  account  of  the  greater 
exposure  to  injury  and  the  greater  amount  of  use  of  the  right  upper  extremity.  In  this  situation 
it  may  cause  pressure  on  the  brachial  plexus,  producing  pain  and  numbness  in  the  arm  and  fingers, 
'with  loss  of  power  or  paralsrsis  of  the  muscles  of  these  parts.  (Edema  of  the  arm  may  result 
from  pressure  on  the  subclavian  vein.  The  external  jugular  vein  may  become  distended  and 
varicose.  The  treatment  is  imsatisfactory,  since  proximal  ligature  cannot  be  undertaken  with 
much  chance  of  success.  If  constitutional  treatment  and  direct  pressure  on  the  aneurismal  sac 
fail,  the  best  treatment  is  excision  of  the  sac,  if  it  be  small.  In  aneurisms  of  the  first  portion  of 
this  artery  there  is  oedema  of  the  head  and  face,  with  lividity,  congestion  of  the  brain,  and  semi- 
consciousness from  pressure  on  the  internal  jugular  vein;  and  spasmodic  action  of  the  Diaphragma 
from  pressure  on  the  phrenic  nerve.  The  collateral  circulation  is  so  good  that  blocking  of  the 
subclavian  artery  by  embolism  or  thrombosis  often  fails  to  give  rise  to  any  striking  signs  or 
sjrmptoms,  beyond  occasional  pains  in  the  neck  and  shoulder  and  some  degree  of  weakness  and 
wasting  in  the  muscles  of  the  arm. 

Compression  of  the  subclavian  artery  may  be  required  to  control  hemorrhage,  and  there  is  only 
one  situation  in  which  it  can  be  effectually  applied,  viz.,  where  the  artery  passes  across  the  upper 
surface  of  the  first  rib.  In  order  to  compress  the  vessel  in  this  situation,  the  shoulder  should  be 
depressed,  and  the  sm'geon  grasping  the  side  of  the  neck  should  press  with  his  thumb  in  the 
angle  formed  by  the  posterior  border  of  the  Stemocleidomastoideus  with  the  upper  border  of 
the  ckvicle,  downward,  backward,  and  inward  against  the  rib;  if  from  any  cause  the  shoulder 
cannot  be  sufficiently  depressed,  pressure  may  be  made  from  before  backward,  so  as  to  compress 
the  artery  against  the  Scalenus  medius  and  transverse  process  of  the  seventh  cervical  vertebra. 
In  appropriate  cases,  a  preliminary  incision  may  be  made  through  the  cervical  fascia,  and  the 
finger  may  be  pressed  down  directly  upon  the  artery. 

Ligalure  of  the  subclavian  artery  may  be  required  in  cases  of  wounds,  or  of  aneurism  in  the 
ftsilla,  or  in  cases  of  aneurism  on  the  cardiac  side  of  the  point  of  ligature;  and  the  third  part  of 
the  artery  is  that  which  is  most  favorable  for  an  operation,  on  account  of  its  being  comparatively 
superficial,  and  most  remote  from  the  origin  of  the  large  branches.  In  those  cases  where  the 
clavicle  is  not  displaced,  this  operation  may  be  performed  with  comparative  facility;  but  where 
the  clavicle  is  pushed  up  by  a  large  aneurismal  tumor  in  the  axilla,  the  artery  lies  at  a  great  depth 
from  the  siuface,  and  this  materially  increases  the  difficulty  of  the  operation.  Under  these 
42 
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circumstances,  it  becomes  a  matter  of  importance  to  consider  the  height  to  which  this  vessel  reaches 
above  the  bone.  In  ordinary  cases,  its  arch  is  about  1.25  cm.  above  the  clavicle,  occasionally 
as  high  as  4  cm.,  and  sometimes  so  low  as  to  be  on  a  level  with  its  upper  border.  If  the  clavicle 
be  displaced,  these  variations  will  necessarily  make  the  operation  more  or  less  difficult,  accord- 
ing as  the  vessel  is  less  or  more  accessible.  The  vessel  is  also  ligatured  as  a  preliminary  measure 
to  the  complete  interscapulothoracic  amputation  of  the  upper  extremity,  in  which  case  the 
transverse  scapular  and  transverse  cervical  arteries  may,  if  found,  be  ligatured  at  the  same  time, 
making  the  '*  fore-quarter"  amputation  an  almost  bloodless  procedure. 

The  procedure  in  the  operation  of  tying  the  third  portion  of  the  subclavian  artery  is  as  follows: 
The  patient  being  placed  on  a  table  in  the  supine  position,  with  the  head  drawn  over  to  the  oppo- 
site side,  and  the  shoulder  depressed  as  much  as  possible,  the  integument  should  be  pulled  down- 
ward over  the  clavicle,  and  an  incision  made  through  it,  upon  that  bone,  from  the  anterior  border 
of  the  Trapezius  to  the  posterior  border  of  the  Stemocleidomastoideus.  The  object  in  drawing 
the  skin  downward  is  to  avoid  any  risk  of  wounding  the  external  jugular  vein,  for  as  it  perforates 
the  deep  fascia  above  the  clavicle,  it  cannot  be  drawn  downward  with  the  skin.  The  soft  parts 
should  now  be  allowed  to  glide  up,  and  the  cervical  fascia  divided  upon  a  director,  and  if  the 
interval  between  the  Trapezius  and  Stemocleidomastoideus  be  insufficient  for  the  performance 
of  the  operation,  a  portion  of  one  or  both  may  be  divided.  The  external  jugular  vein  will  now 
be  seen  toward  the  medial  side  of  the  wound;  this  and  the  transverse  scapular  and  transverse 
cervical  veins  which  end  in  it  should  be  held  aside.  If  the  external  jugular  vein  be  at  all  in  the 
way  and  exposed  to  injury,  it  should  be  tied  in  two  places  and  divided.  The  transverse  scapular 
artery  should  be  avoided,  and  the  Omohyoideus  held  aside  if  necessary.  In  the  space  beneath 
this  muscle,  careful  search  must  be  made  for  the  vessel;  a  deep  layer  of  fascia  and  some  connec- 
tive tissue  having  been  divided  carefully,  the  lateral  margin  of  the  Scalenus  anterior  muscle 
must  be  felt  for,  and  the  finger  being  guided  by  it  to  the  first  rib,  the  pulsation  of  the  subclavian 
artery  will  be  felt  as  it  passes  over  the  rib.  The  sheath  of  the  vessels  having,  been  opened,  the 
aneurism  needle  may  then  be  passed  around  the  artery  from  above  downward  and  medialward 
so  as  to  avoid  including  any  of  the  branches  of  the  brachial  plexus.  If  the  clavicle  be  so  raised 
by  the  tumor  that  the  application  of  the  ligature  cannot  be  effected  in  this  situation,  the  artery 
may  be  tied  above  the  first  rib,  or  even  behind  the  Scalenus  anterior;  the  difficulties  of  the  opera- 
tion in  such  a  case  will  be  materially  increased,  on  account  of  the  greater  depth  of  the  artery, 
and  the  alteration  in  position  of  the  surrounding  parts. 

The  second  part  of  the  subclavian  artery,  the  portion  which  rises  highest  in  the  neck,  has  been 
considered  favorable  for  the  application  of  the  ligature  when  it  is  difficult  to  tie  the  artery  in  the 
third  part  of  its  course.  There  are,  however,  many  objections  to  the  operation  in  this  situation. 
It  is  necessary  to  divide  the  Scalenus  anterior,  upon  which  lies  the  phrenic  nerve,  and  at  the 
medial  side  of  which  is  situated  the  internal  jugular  vein;  and  a  wound  of  either  of  these  struc- 
tures might  lead  to  the  most  dangerous  consequences.  Again,  the  artery  is  in  contact,  below, 
with  the  pleura,  which  must  also  be  avoided;  and,  lastly,  the  proximity  of  so  many  of  its  large 
branches  arising  medially  to  this  point  must  be  a  still  further  objection  to  the  operation.  In 
cases,  however,  where  the  sac  of  an  axillary  aneurism  encroaches  on  the  neck,  it  may  be  necessary 
to  divide  the  lateral  half  or  two-thirds  of  the  Scalenus  anterior,  so  as  to  place  the  ligature  on  the 
vessel  at  a  greater  distance  from  the  sac.  The  operation  is  performed  exactly  in  the  same  way 
as  ligature  of  the  third  portion,  until  the  Scalenus  anterior  is  exposed,  when  it  is  to  be  divided 
on  a  director  (never  to  a  greater  extent  than  its  lateral  two-thirds),  and  it  inmiediately  retracts. 
The  operation  is  therefore  merely  an  extension  of  the  operation  for  ligature  of  the  third  portion 
of  the  vessel. 

In  those  cases  of  aneurism  of  the  axillary  or  subclavian  artery  which  encroach  upon  the 
lateral  portion  of  the  Scalenus  anterior  to  such  an  extent  that  a  ligature  cannot  be  applied  in 
that  situation,  it  may  be  deemed  advisable,  as  a  last  resource,  to  tie  the  first  portion  of  the  sub- 
clavian artery.  On  the  left  side,  this  operation  is  almost  impracticable;  the  great  depth  of  the 
artery  from  the  surface,  its  intimate  relation  with  the  pleura,  and  its  close  proximity  to  the 
thoracic  duct  and  to  so  many  important  veins  and  nerves,  present  a  series  of  difficulties  which 
it  is  next  to  impossible  to  overcome.^  On  the  right  side,  the  operation  is  practicable,  and  has 
been  performed  on  several  occasions.  The  main  objection  to  the  operation  in  this  situation  is 
the  smallness  of  the  interval  which  usually  exists  between  the  conunencement  of  the  vessel  and 
the  origin  of  the  nearest  branch.  The  operation  may  be  performed  in  the  following  manner: 
The  patient  being  placed  on  the  table  in  the  supine  position,  with  the  neck  extended,  an  incision 
should  be  made  along  the  upper  border  of  the  medial  part  of  the  clavicle,  and  a  second  along 
the  medial  border  of  the  Stemocleidomastoideus,  meeting  the  former  at  an  angle.  The  attach- 
ments of  both  heads  of  the  Stemocleidomastoideus  must  be  divided  on  a  director,  and  turned 
lateralward;  a  few  small  arteries  and  veins,  and  occasionally  the  anterior  jugular,  must  be  avoided, 
or,  if  necessary,  ligatm-ed  in  two  places  and  divided,  and  the  Sternohyoideus  and  Stemothyreoideus 
divided  in  the  same  manner  as  the  preceding  muscle.    After  tearing  through  the  deep  fascia,  the 

^  The  operation  haa,  however,  been  performed  by  J.  K.  Rodgers,  by  Halsted.  and  by  Schumpert. 
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internal  jugular  vein  will  be  seen  crossing  the  subclavian  artery;  this  should  be  pressed  aside, 
and  the  artery  secured  by  passing  the  needle  from  below  upward,  by  which  the  pleura  is  more 
effectually  avoided.  The  exact  position  of  the  vagus,  recurrent,  and  phrenic  nerves  and  the 
sympathetic  trunk  should  be  borne  in  mind,  and  the  ligature  should  be  applied  near  the  origin 
of  the  vertebral,  in  order  to  afford  as  much  room  as  possible  for  the  formation  of  a  coagulum 
between  the  ligature  and  the  origin  of  the  vessel.  It  should  be  remembered  that  the  right  sub- 
clavian artery  is  occasionally  deeply  placed  in  the  first  part  of  its  course,  when  it  arises  from  the 
left  side  of  the  aortic  arch,  and  passes  in  such  cases  behind  the  oesophagus,  or  between  it  and  the 
trachea. 

CoQatenl  Cjienlatiaii. — After  ligature  of  the  third  part  of  the  subclavian  artery,  the  collateral 
circulation  is  established  mainly  by  three  sets  of  vessels,  thus  described  in  a  dissection: 

1.  A  posterior  set,  consisting  of  the  transverse  scapular  and  the  descending  ramus  of  the  trans- 
verse cervical  branches  of  the  subclavian,  anastomosing  with  the  subscapular  from  the  axillary. 

2.  A  medial  set,  produced  by  the  connection  of  the  internal  mammary  on  the  one  hand,  with 
the  highest  intercostal  and  lateral  thoracic  arteries,  and  the  branches  from  the  subscapular  on 
the  other. 

3.  A  middle  or  axillary  set,  consisting  of  a  number  of  small  vessels  derived  from  branches  of 
the  subclavian,  above,  and,  passing  through  the  axilla,  terminating  either  in  the  main  trunk, 
or  some  of  the  branches  of  the  axillary  below.  This  last  set  presented  most  conspicuously  the 
peculiar  character  of  newly  formed  or,  rather,  dilated  arteries,  being  excessively  tortuous,  and 
forming  a  complete  plexus. 

The  chief  agent  in  the  restoration  of  the  axillary  artery  below  the  tumor  was  the  subscapular 
artery,  which  communicated  most  freely  with  the  internal  mammary,  transverse  scapular  and 
descending  ramus  of  the  transverse  cervical  branches  of  the  subclavian,  from  all  of  which  it 
received  so  great  an  influx  of  blood  as  to  dilate  it  to  three  times  its  natural  size.^ 

When  a  ligature  is  applied  to  the  first  part  of  the  subclavian  artery,  the  collateral  circulation  is 
carried  on  by :  (1)  the  anastomosis  between  the  superior  and  inferior  thyroids ;  (2)  the  anastomosis 
o!  the  two  vertebrals;  (3)  the  anastomosis  of  the  internal  mammary  with  the  inferior  epigastric 
and  the  aortic  intercostals;  (4)  the  costocervical  anastomosing  with  the  aortic  intercostals;  (5) 
the  profunda  cervicis  anastomosing  with  the  descending  branch  of  the  occipital;  (6)  the  scapular 
branches  of  the  thyrocervical  trunk  anastomosing  with  the  branches  of  the  axillary,  and  (7)  the 
thoracic  branches  of  the  axillary  anastomosing  with  the  aortic  intercostals. 

Branches. — ^The  branches  of  the  subclavian  artery  are: 

Vertebral.  Internal  mammary. 

Thyrocervical.  Costocervical. 

On  the  left  side  all  four  branches  generally  arise  from  the  first  portion  of  the 
vessel;  but  on  the  right  side  (Fig.  596)  the  costocervical  trunk  usually  springs 
from  the  second  portion  of  the  vessel.  On  both  sides  of  the  neck,  the  first  three 
branches  arise  close  together  at  the  medial  border  of  the  Scalenus  anterior;  in 
the  majority  of  cases,  a  free  interval  of  from  1.25  to  2i5  cm.  exists  between  the 
commencement  of  the  artery  and  the  origin  of  the  nearest  branch. 

1.  The  vertebral  artery  (a.  vertebralis)  (Fig.  590),  is  the  first  branch  of  the  sub- 
clavian, and  arises  from  the  upper  and  back  part  of  the  first  portion  of  the  vessel. 
It  is  surrounded  by  a  plexus  of  nerve  fibres  derived  from  the  inferior  cervical 
ganglion  of  the  sympathetic  trunk,  and  ascends  through  the  foramina  in  the 
transverse  processes  of  the  upper  six  cervical  vertebrae  ;*  it  then  winds  behind  the 
superior  articular  process  of  the  atlas  and,  entering  the  skull  through  the  foramen 
magnum,  unites,  at  the  lower  border  of  the  pons,  with  the  vessel  of  the  opposite 
side  to  form  the  basilar  arterv. 

Relations. — The  vertebral  artery  may  be  divided  into  four  parts:  The  first  part  rmis  upward 
and  backward  between  the  Longus  coUi  and  the  Scalenus  anterior.  In  front  of  it  are  the  internal 
jugular  and  vertebral  veins,  and  it  is  crossed  by  the  inferior  th3rroid  artery;  the  left  vertebral 
is  crossed  by  the  thoracic  duct  also.  Behind  it  are  the  transverse  process  of  the  seventh  cervical 
vertebra,  the  sympathetic  trunk  and  its  inferior  cer\4cal  ganglion.  The  second  part  runs  upward 
through  the  foramina  in  the  transverse  processes  of  the  upper  six  cervical  vertebrae,  and  is  sur- 
rounded by  branches  from  the  inferior  cervical  sympathetic  ganglion  and  by  a  plexus  of  veins 

^  Guy's  Hoapital  Reports,  vol.  i,  1836.  Case  of  axillary  aneurism,  in  which  Aston  Key  hod  tied  the  subclavian 
utery  on  the  lateral  edge  of  the  Scalenus  anterior,  twelve  years  previously. 

>  The  vertebral  artery  sometimes  enters  the  foramen  in  the  transverse  process  of  the  6fth  vertebra,  and  has  been 
seen  entering  that  of  the  seventh  vertebra. 
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which  unite  to  form  the  vertebral  vein  at  the  lower  part  of  the  neck.  It  is  situated  in  front  of 
the  trunks  of  the  cervical  nerves,  and  pursues  an  almost  vertical  course  as  far  as  the  transverse 
process  of  the  atlas,  above  which  it  runs  upward  and  lateralward  to  the  foramen  in  the  trans- 
verse process  of  the  atlas.  The  third  part  issues  from  the  latter  foramen  on  the  medial  side  of 
the  Rectus  capitis  lateralis,  and  curves  backward  behind  the  superior  articular  process  of  the 
atlas,  the  anterior  ramus  of  the  first  cervical  nerve  being  on  its  medial  side;  it  then  lies  in  the 
groove  on  the  upper  surface  of  the  posterior  arch  of  the  atlas,  and  enters  the  vertebral  canal 
by  passing  beneath  the  posterior  atlantodccipital  membrane.  This  part  of  the  artery  is  covered 
by  the  Semispinalis  capitis  and  is  contained  in  the  suboeeipital  triangle — a  triangular  space 
bounded  by  the  Rectus  capitis  posterior  major,  the  Obliquus  superior,  and  the  Obliquus  inferior. 
The  first  cervical  or  suboccipital  nerve  lies  between  the  artery  and  the  posterior  arch  of  the  atlas. 
The  fourth  part  pierces  the  dura  mater  and  inclines  medialward  to  the  front  of  the  medulla 
oblongata;  it  is  placed  between  the  hypoglossal  nerve  and  the  anterior  root  of  the  first  cervical 
nerve  and  beneath  the  first  digitation  of  the  ligamentum  denticulatum.  At  the  lower  border 
of  the  pons  it  unites  with  the  vessel  of  the  opposite  side  to  form  the.  basilar  artery. 

Branches. — ^The  bg-ahches  of  the  vertebral  artery  may  be  divided  into  two  sets: 
those  given  off  in  the  neck,  and  those  within  the  cranium. 


Cervical  Branches, 

^  Spinal. 

Muscular. 


Cranial  Branches, 

Meningeal. 
V.  Posterior  Spinal. 

Anterior  Spinal. 
Posterior  Inferior  Cerebellar. 
Medullary. 

Spinal  Branches  (rami  spinales)  enter  the  vertebral  canal  through  the  interverte- 
bral foramina,  and  each  divides  into  two  branches.  Of  these,  one  passes  along 
the  roots  of  the  nerves  to  supply  the  medulla  spinalis  and  its  membranes,  anasto- 
mosing with  the  other  arteries  of  the  medulla  spinalis;  the  other  divides  into  an 
ascending  and  a  descending  branch,  which  unite  with  similar  branches  from  the 
arteries  above  and  below,  so  that  two  lateral  anastomotic  chains  are  formed  on  the 
posterior  surfaces  of  the  bodies  of  the  vertebrae,  near  the  attachment  of  the  pedicles. 
Prom  these  anastomotic  chains  branches  are  supplied  to  the  periDsteiun  and  the 
bodies  of  the  vertebrae,  and  others  form  communications  with  similar  branches  from 
the  opposite  sioeTisom  these  conmiunications  small  twigs  arise  which  join  similar 
branches  above  and  below,  to  form  a  central  anastomotic  chain  on  the  posterior 
surface  of  the  bodies  of  the  vertebree. 

Muscular  Branches  are  given  off  to  the  deep  muscles  of  the  neck,  where  the 
vertebral  artery  curves  around  the  articular  process  of  the  atlas.  They  anastomose 
with  the  occipital,  and  with  the  ascending  and  deep  cervical  arteries. 

The  Meningeal  Branch  (ramus  meningeus;  posterior  meningeal  branch)  springs 
from  the  vertebral  opposite  the  foramen  magnum,  ramifies  between  the  bone 
and  dura  mater  in  the  cerebellar  fossa,  and  supplies  the  falx  cerebelli.  It  is  fre- 
quently represented  by  one  or  two  small  branches. 

The  Posterior  Spinal  Artery  (a.  spinalis  posterior;  dorsal  spinal  artery)  arises 
from  the  vertebral,  at  the  side  of  the  medulla  oblongata;  passing  backward,  it 
descends  on  this  structure,  lying  in  front  of  the  posterior  roots  of  the  spinal  nerves, 
and  is  reinforced  by  a  succession  of  small  branches,  which  enter  the  vertebral 
canal  through  the  intervertebral  foramina;  by  means  of  these  it  is  continued  to 
the  lower  part  of  the  medulla  spinalis,  and  to  the  cauda  equina.  Branches  from 
the  posterior  spinal  arteries  form  a  free  anastomosis  around  the  posterior  roots 
of  the  spinal  nerves,  and  communicate,  by  means  of  very  tortuous  transverse 
branches,  with  the  vessels  of  the  opposite  side.  Close  to  its  origin  each  gives  off 
an  ascending  branch,  which  ends  at  the  side  of  the  fourth  ventricle. 

The  Anterior  Spinal  Artery  (a.  spinalis  anterior;  ventral  spinal  artery)  is  a  small 
branch,  which  arises  near  the  termination  of  the  vertebral,  and,  descending  in 
front  of  the  medulla  oblongata,  unites  with  its  fellow  of  the  opposite  side  at  the 
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level  of  the  foramen  magnum.  One  of  these  vessels  is  usually  larger  than  the  other, 
but  occasionally  they  are  about  equal  in  size.  The  single  trunk,  thus  formed, 
descends  on  the  front  of  the  medulla  spinalis,  and  is  reinforced  by  a  succession 
of  small  branches  which  enter  the  vertebral  canal  through  the  intervertebral 
foramina;  these  branches  are  derived  from  the  vertebral  and  the  ascending  cervical 
of  the  inferior  thyroid  in  the  neck;  from  the  intercostals  in  the  thorax;  and  from 
the  lumbar,  iliolumbar,  and  lateral  sacral  arteries  in  the  abdomen  and  pelvis. 
They  unite,  by  means  of  ascending  and  descending  branches,  to  form  a  single 
anterior  median  artery,  which  extend  as  far  as  the  lower  part  of  the  medulla  spinalis, 
and  is  continued  as  a  slender  twig  on  the  filum  terminale.  This  vessel  is  placed 
m  the  pia  mater  along  the  anterior  median  fissure;  it  supplies  that  membrane,  and 
the  substance  of  the  medulla  spinalis,  and  sends  off  branches  at  its  lower  part  to 
be  distributed  to  the  cauda  equina. 

Appliad  Anatomy. — Bleeding  into  the  membranes  or  into  the  substance  of  the  medulla  spinalis 
itself  is  not  common,  but  may  occur  from  injuries  received  at  birth  when  labor  is  unduly  pro- 
longed or  instruments  are  used.  It  is  also  met  with  in  chronic  insanity,  and  in  tetanus  or  strych- 
nine poisoning. 

The  Posterior  Inferior  Cerebellar  Artery  (a.  cerebelli  inferior  posterior)  (Fig.  592), 
the  largest  branch  of  the  vertebral,  winds  backward  around  the  upper  part  of  the 
medulla  oblongata,  passing  between  the  origins  of  the  vagus  and  accessory  nerves, 
over  the  restiform  body  to  the  under  surface  of  the  cerebellum,  where  it  divides 
into  two  branches.  The  medial  branch  is  continued  backward  to  the  notch  between 
the  two  hemispheres  of  the  cerebellum;  while  the  lateral  supplies  the  under  surface 
of  the  cerebellum,  as  far  as  its  lateral  border,  where  it  anastomoses  with  the  anterior 
inferior  cerebellar  and  the  superior  cerebellar  branches  of  the  basilar  artery. 
Branches  from  this  artery  supply  the  choroid  plexus  of  the  fourth  ventricle. 

The  Medullary  Arteries  {bulbar  arteries)  are  several  minute  vessels  which  spring 
from  the  vertebral  and  its  branches  and  are  distributed  to  the  medulla  oblongata. 

The  Basilar  Artery  (a.  ba^ilaris)  (Fig.  592),  so  named  from  its  position  at  the 
base  of  the  skull,  is  a  single  trunk  formed  by  the  junction  of  the  two  vertebral 
arteries:  it  extends  from  the  lower  to  the  upper  border  of  the  pons,  lying  in  its 
median  groove,  under  cover  of  the  arachnoid.  It  ends  by  dividing  into  the  two 
posterior  cerebral  arteries. 

Its  branches,  on  either  side,  are  the  following: 

Pontine.  Anterior  Inferior  Cerebellar. 

Internal  Auditory.  Superior  Cerebellar. 

Posterior  Cerebral. 

The  pontine  branches  {rami  ad  pontern;  transverse  branches)  are  a  number  of  small 
vessels  which  come  off  at  right  angles  from  either  side  of  the  basilar  artery  and 
supply  the  pons  and  adjacent  parts  of  the  brain. 

The  internal  auditory  artery  (a.  auditiva  interna;  auditory  artery),  a  long  slender 
branch,  arises  from  near  the  middle  of  the  artery;  it  accompanies  the  acoustic  nerve 
through  the  internal  acoustic  meatus,  and  is  distributed  to  the  internal  ear. 

The  anterior  inferior  cerebellar  artery  (a.  cerebelli  inferior  anterior)  passes  back- 
ward to  be  distributed  to  the  anterior  part  of  the  under  surface  of  the  cerebellum, 
anastomosing  with  the  posterior  inferior  cerebellar  branch  of  the  vertebral. 

The  superior  cerebellar  artery  (a.  cerebelli  superior)  arises  near  the  termination 
of  the  basilar.  It  passes  lateralward,  immediately  below  the  oculomotor  nerve, 
which  separates  it  from  the  posterior  cerebral  artery,  winds  around  the  cerebral 
peduncle,  close  to  the  trochlear  nerve,  and,  arriving  at  the  upper  surface  of  the 
cerebellum,  divides  into  branches  which  ramify  in  the  pia  mater  and  anastomose 
with  those  of  the  inferior  cerebellar  arteries.    Several  branches  are  given  to  the 
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pineal  body,  the  anterior  medullary  velum,  and  the  tela  chorioidea  of  the  third 
ventricle. 

The  posterior  cerebral  artery  (a.  cerebri  posterior)  (Figs.  592,  593,  594)  is  larger 
than  the  preceding,  from  which  it  is  separated  near  its  origin  by  the  oculomotor 
nerve.  Passing  lateralward,  parallel  to  the  superior  cerebellar  artery,  and  receiving 
the  posterior  communicating  from  the  internal  carotid,  it  winds  around  the  cerebral 
peduncle,  and  reaches  the  tentorial  surface  of  the  occipital  lobe  of  the  cerebnun, 
where  it  breaks  up  into  branches  for  the  supply  of  the  temporal  and  occipital 
lobes. 

The  branches  of  the  posterior  cerebral  artery  are  divided  into  two  sets,  ganglionic 
and  cortical: 

{Posterior-medial.  r Anterior  Temporal. 

Posterior  Choroidal.       r  r^'    i     J  Posterior  Temporal. 
Postero-lateral.  Cortical     jcalcarine. 

I  Parietooccipital . 

Ganglionic. — ^The  postero-medial  ganglionic  branches  (Fig.  595)  are  a  group  of 
small  arteries  which  arise  at  the  commencement  of  the  posterior  cerebral  artery; 
these,  with  similar  branches  from  the  posterior  communicating,  pierce  the  pos- 
terior perforated  substance,  and  supply  the  medial  surfaces  of  the  thalami  and  the 
walls  of  the  third  ventricle.  The  posterior  choroidal  branches  run  forward  beneath 
the  splenium  of  the  corpus  callosum,  and  supply  the  tela  chorioidea  of  the  third 
ventricle  and  the  choroid  plexus.  The  postero-lateral  ganglionic  branches  are  small 
arteries  which  arise  from  the  posterior  cerebral  artery  after  it  has  turned  around  the 
cerebral  peduncle;  they  supply  a  considerable  portion  of  the  thalamus. 

Cortical. — ^The  cortical  branches  are:  the  anterior  temporal,  distributed  to  the 
uncus  and  the  anterior  part  of  the  fusiform  gyrus;  the  posterior  temporal,  to  the 
fusiform  and  the  inferior  temporal  gyri;  the  calcarine,  to  the  cuneus  and  gyrus 
lingualis  and  the  back  part  of  the  convex  surface  of  the  occipital  lobe;  and  the 
parietooccipital,  to  the  cuneus  and  the  precuneus. 

2.  The  thyrocervical  trunk  {truncus  ihyreocervicalis;  thyroid  axis)  (Fig.  596)  is 
a  short  thick  trunk,  which  arises  from  the  front  of  the  first  portion  of  the  subclavian 
artery,  close  to  the  medial  border  of  the  Scalenus  anterior,  and  divides  almost 
immediately  into  three  branches,  the  inferior  thsrroid,  transverse  scapular,  and  trans- 
verse cervical. 

The  Inferior  Thjrroid  Artery  (a.  thyreoidea  inferior)  passes  upward,  in  front  of  the 
vertebral  artery  and  Longus  colli;  then  turns  medialward  behind  the  carotid  sheath 
and  its  contents,  and  also  behind  the  sympathetic  trunk,  the  middle  cervical 
ganglion  resting  upon  the  vessel.  Reaching  the  lower  border  of  the  thyroid  gland 
it  divides  into  two  branches,  which  supply  the  postero-inferior  parts  of  the  gland, 
and  anastomose  with  the  superior  thyroid,  and  with  the  corresponding  artery  of 
the  opposite  side.  The  recurrent  nerve  passes  upward  generally  behind,  but  occa- 
sionally in,  front,  of  the  artery. 

The  branches  of  the  inferior  thyroid  are: 

Inferior  Laryngeal . .  (Esophageal . 

Tracheal.  Ascending  Cervical. 

Muscular. 

The  inferior  laryngeal  artery  (a.  laryngea  inferior)  ascends  upon  the  trachea  to 
the  back  part  of  the  larynx  under  cover  of  the  Constrictor  pharyngis  inferior,  in 
company  with  the  recurrent  nerve,  and  supplies  the  muscles  and  mucous  mem- 
brane of  this  part,  anastomosing  with  the  branch  from  the  opposite  side,  and  with 
the  superior  laryngeal  branch  of  the  superior  thyroid  artery. 

The  tracheal  branches  (rami  tracheales)  are  distributed  upon  the  trachea,  and 
anastomose  below  with  the  bronchial  arteries. 
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The  dBSopbageal  branches  (ravd  oesopkagei)  supply  the  oesophagus,,  and  anasto- 
mose with  the  oesophageal  branches  of  the  aorta. 

The  ascending  cervical  arterj  {a.  cervicalis  ascendens)  is  a  small  branch  which 
arises  from  the  inferior  thyroid  as  that  vessel  is  passing  behind  the  carotid  sheath; 
it  runs  up  on  the  anterior  tubercles  of  the  transverse  processes  of  the  cervical 
vertebrae  in  the  interval  between  the  Scalenus  anterior  and  Longus  capitis.  To 
the  muscles  of  the  neck  it  gives  twigs  which  anastomose  with  branches  of  the  ver- 
tebral, and  it  sends  one  or  two  spinal  branches  into  the  vertebral  canal  through 
the  intervertebral  foramina  to  be  distributed  to  the  medulla  spinalis  and  its  mem- 
branes, and  to  the  bodies  of  the  vertebne,  in  the  same  manner  as  the  spinal  branches 
from  the  vertebral.  It  anastomoses  with  the  ascending  pharyngeal  and  occipital 
arteries. 

The  jBosculu  branches  supply  the  depressors  of  the  hyoid  bone,  and  the  Longus 
colli,  Scalenus  anterior,  and  Constrictor  pharjngis  inferior. 

The  Transverse  Scapular  Artery  (a.  transversa  scapulae;  suprascapular  artery)  passes 
at    first   downward  and  lateralward  across  the  Scalenus  anterior  and  phrenic 
nerve,   being   covered   by   the 
Stemocteidomastoideus;  it  then         irai^^JTemcoi 

crosses  the  subclavian  artery  -  a 

and  the  brachial  plexus,  and 

runs  behind  and  parallel  with  lor 

the    clavicle   and    Subclavius,  ^ 

and  beneath  the  inferior  belly 
of  the  Omohyoideus,  to  the 
superior  border  of  the  scapula; 
it  passes  over  the  superior 
transverse  ligament  of  the 
scapula  which  separates  it  from 
the  suprascapular  nerve,  and 
enters  the  supraspinatous  fossa 
(Fig.  597).  In  this  situation  it 
lies  close  to  the  bone,  and  rami- 
fies between  it  and  the  Supra- 
spinatus,  to  which  it  supplies 
branches.  It  then  descends  be- 
hind the  neck  of  the  scapula, 
through    the     great    scapular 

notch    and    under   cover   of   the  Fiq,  597— Jhe  acapulmr  sod  cireumflei  irteries. 

inferior  transverse  ligament,  to 

reach  the  infraspinatous  fossa,  where  it  anastomoses  with  the  scapular  circumflex 
and  the  descending  branch  of  the  transverse  cervical.  Besides  distributing  branches 
to  the  Stemocleidomastoideus,  Subclavius,  and  neighboring  muscles,  it  gives  off  a 
sapisstemal  brandi,  which  crosses  over  the  sternal  end  of  the  clavicle  to  the  skin  of 
the  upper  part  of  the  chest;  and  an  acromial  branch,  which  pierces  the  Trapezius 
and  supplies  the  skin  over  the  acromion,  anastomosing  with  the  thoracoacromial 
artery.  As  the  arterj'  passes  over  the  superior  transverse  ligament  of  the  scapula, 
it  sends  a  branch  into  the  subscapular  fossa,  where  it  ramifies  beneath  the  Sub- 
scapularis,  and  anastomoses  with  the  subscapular  artery  and  with  the  descending 
branch  of  the  transverse  cervical.  It  also  sends  articular  branches  to  the  acro- 
mioclavicular and  shoulder-joints,  and  a  nutrient  artery  to  the  clavicle. 

The  Transverse  Cervical  Artery  (a.  transtersa  colli;  iranscersalis  colli  artery)  lies 
at  a  higher  level  than  the  transverse  scapular;  it  passes  trans\-ersely  above  the 
inferior  belly  of  the  Omohyoideus  to  the  anterior  margin  of  the  Trapezius,  beneath 
which  it  divides  into  an  ascending  and  a  descending  branch.     It  crosses  in  front  of 
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the  phrenic  nerve  and  the  Scaleni,  and  in  front  of  or  between  the  divisions  of  the 
brachial  plexus,  and  is  covered  by  the  Platysma  and  Sternocleidomastoideus,  and 
crossed  by  the  Omohyoideus  and  Trapezius. 

The  ascending  branch  {ramus  ascendens;  superficial  cervical  artery)  ascends  be- 
neath the  anterior  margin  of  the  Trapezius,  distributing  branches  to  it,  and  to  the 
neighboring  muscles  and  lymph  glands  in  the  neck,  and  anastomosing  with  the 
superficial  branch  of  the  descending  ramus  of  the  occipital  artery. 

The  descending  branch  {ramus  descendens;  posterior  scapular  artery)  (Fig.  597) 
passes  beneath  the  Levator  scapulae  to  the  medial  angle  of  the  scapula,  and  then 
descends  under  the  Rhomboidei  along  the  vertebral  border  of  that  bone  as  far  as 
the  inferior  angle.  It  supplies  the  Rhomboidei,  Latissimus  dorsi  and  Trapezius, 
and  anastomoses  with  the  transverse  scapular  and  subscapular  arteries,  and  with 
the  posterior  branches  of  some  of  the  intercostal  arteries. 

Peculiarities. — The  ascending  branch  of  the  transverse  cervical  frequently  arises  directly 
from  the  thjrrocervical  trunk;  and  the  descending  branch  from  the  third,  more  rarely  from  the 
second,  part  of  the  subclavian. 

3.  The  internal  mammary  artery  (a.  mammaria  interna)  (Fig.  598)  arises  from 
the  imder  surface  of  the  first  portion  of  the  subclavian,  opposite  the  thyro- 
cervical trunk.  It  descends  behind  the  cartilages  of  the  upper  six  ribs  at  a  distance 
of  about  1.25  cm.  from  the  margin  of  the  sternum,  and  at  the  level  of  the  sixth 
intercostal  space  divides  into  the  musculophrenic  and  superior  epigastric  arteries* 

Relations. — It  is  directed  at  first  downward,  forward,  and  medialward  behind  the  sternal 
end  of  the  clavicle,  the  subclavian  and  internal  jugular  veins,  and  the  first  costal  cartilage,  and 
passes  forward  close  to  the  lateral  side  of  the  innominate  vein.  As  it  enters  the  thorax  the  phrenic 
nerve  crosses  from  its  lateral  to  its  medial  side.  Below  the  first  costal  cartilage  it  descends  almost 
vertically  to  its  point  of  bifurcation.  It  is  covered  in  front  by  the  cartilages  Of  the  upper  six 
ribs  and  the  intervening  Intercostales  intemi  and  anterior  intercostal  membranes,  and  is  crossed 
by  the  terminal  portions  of  the  upper  six  intercostal  nerves.  It  rests  on  the  pleura,  as  far  as  the 
third  costal  cartilage;  below  this  level,  upon  the  Transversus  thoracis.  It  is  accompanied  by  a 
pair  of  veins;  these  unite  above  to  form  a  single  vessel,  which  runs  medial  to  the  artery  and  ends 
in  the  corresponding  innominate  vein. 

Branches. — ^The  branches  of  the  internal  mammary  are: 

Pericardiacophrenic.  Intercostal. 

Anterior  Mediastinal.  Perforating. 

Pericardial.  Musculophrenic. 

Sternal.  Superior  Epigastric. 

The  Pericardiacophrenic  Artery  (a.  pericardiacophrenica;  a,  comes  nervi  phrenici) 
is  a  long  slender  branch,  which  accompanies  the  phrenic  nerve,  between  the  pleura 
and  pericardium,  to  the  Diaphragma,  to  which  it  is  distributed;  it  anastomoses 
with  the  musculophrenic  and  inferior  phrenic  arteries. 

The  Anterior  IVfodiastinal  Arteries  {a/i,  mediastinales  anteriores;  mediastinal  arte- 
ries) are  small  vessels,  distributed  to  the  areolar  tissue  and  lymph  glands  in  the 
anterior  mediastinal  cavity,  and  to  the  remains  of  the  thymus. 

The  Pericardial  Branches  supply  the  upper  part  of  the  anterior  surface  of  the 
pericardium;  the  lower  part  receives  branches  from  the  musculophrenic  artery. 

The  Sternal  Branches  {rami  sternales)  are  distributed  to  the  Transversus  thoracis, 
and  to  the  posterior  surface  of  the  sternum. 

The  anterior  mediastinal,  pericardial,  and  sternal  branches,  together  with  some 
twigs  from  the  pericardiacophrenic,  anastomose  with  branches  from  the  intercostal 
and  bronchial  arte  ries,  and  form  a  subpleural  mediastinal  plexus. 

The  Intercostal  Branches  {rami  intercostales;  anterior  intercostal  arteries)  supply 
the  upper  five  or  six  intercostal  spaces.  Two  in  number  in  each  space,  these  small 
vessels  pass  lateralward,  one  lying  near  the  lower  margin  of  the  rib  above,  and  the 
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'^tnet  near  the  upper  margin  of  the  rib  below,  and  anastomose  with  the  intercostal 
*^tenes  from  the  aorta.    They  are  at  first  situated  between  the  plem'a  and  the 

Thoraoi-acrcmial  artery 

mmoa  carotid  artery 
nominate  aritry 
ternal  mammary  artery 


Perforating  branches 


Superior  epigaitric  aritry 


inferior  epigastric  artery 
External  iliac  artery 


\]\ttrco3tales  interni,  and  then  between  the  Intercostales  intemi  and  externi. 
They  supply  the  Intercostales  and,  bj-  branches  which  perforate  the  Intercostales 
jjtefnif  the  Pectorales  and  the  mamma. 
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The  Perforatmg  Branches  {rami  perforantes)  correspond  to  the  five  or  six  inter- 
costal spaces.  They  pa^s  forward  through  the  intercostal  spaces,  and,  curving 
lateralward,  supply  the  Pectoralis  major  and  the  integument.  Those  which  corre- 
spond to  the  second,  thirds  and  fourth  spaces  give  branches  to  the  mamma,  and 
during  lactation  are  of  large  size. 

The  Musculophrenic  Artery  (a.  musculophrenica)  is  directed  obliquely  downward 
and  lateralward,  behind  the  cartilages  of  the  false  ribs;  it  perforates  the  Dia- 
phragma  at  the  eighth  or  ninth  costal  cartilage,  and  ends,  considerably  reduced 
in  size,  opposite  the  last  intercostal  space.  It  gives  off  intercostal  branches 
to  the  seventh,  eighth,  and  ninth  intercostal  spaces;  these  diminish  in  size  as  the 
spaces  decrease  in  length,  and  are  distributed  in  a  manner  precisely  similar  to  the 
intercostals  from  the  internal  mammary.  The  musculophrenic  also  gives  branches 
to  the  lower  part  of  the  pericardium,  and  others  which  run  backward  to  the  Dia- 
phragma,  and  downward  to  the  abdominal  muscles. 

The  Superior  Epigastric  Artery  (a.  epigastrica  superior)  continues  in  the  original 
direction  of  the  internal  mammary;  it  descends  through  the  interval  between  the 
costal  and  sternal  attachments  of  the  Diaphragma,  and  enters  the  sheath  of  the 
Rectus  abdominis,  at  first  lying  behind  the  muscle,  and  then  perforating  and  sup- 
plying it,  and  anastomosing  with  the  inferior  epigastric  artery  from  the  external 
iliac.  Branches  perforate  the  anterior  wall  of  the  sheath  of  the  Rectus,  and  supply 
the  muscles  of  the  abdomen  and  the  integument,  and  a  small  branch  passes  in 
front  of  the  xiphoid  process  and  anastomoses  with  the  artery  of  the  opposite  side. 
It  also  gives  some  twigs  to  the  Diaphragma,  while  from  the  artery  of  the  right 
side  small  branches  extend  into  the  falciform  ligament  of  the  liver  and  anastomose 
with  the  hepatic  artery. 

Applied  Anatomy. — ^The  internal  mammary  artery  is  liable  to  be  wounded  in  stabs  of  the 
chest  wall  and  in  the  operation  of  paracentesis  pericardii  (p.  603).  It  is  most  easily  reached 
by  a  transverse  incision  in  the  second  intercostal  space. 

4.  The  costocervical  trunk  {truncus  costocervicalis;  superior  intercostal  artery) 
(Fig.  590)  arises  from  the  upper  and  back  part  of  the  subclavian  artery,  behind 
the  Scalenus  anterior  on  the  right  side,  and  medial  to  that  muscle  on  the  left  side. 
Passing  backward,  it  gives  off  the  profunda  cervicalis,  and,  continuing  as  the  highest 
intercostal  artery,  descends  behind  the  pleura  in  front  of  the  necks  of  the  first  and 
second  ribs,  and  anastomoses  with  the  first  aortic  intercostal.  As  it  crosses  the 
neck  of  the  first  rib  it  lies,  medial  to  the  anterior  division  of  the  first  thoracic  nerve, 
and  lateral  to  the  first  thoracic  ganglion  of  the  sympathetic  trunk. 

In  the  first  intercostal  space,  it  gives  off  a  branch  which  is  distributed  in  a 
manner  similar  to  the  distribution  of  the  aortic  intercostals.  The  branch  for  the 
second  intercostal  space  usually  joins  wath  one  from  the  highest  aortic  intercostal 
artery.  This  branch  is  not  constant,  but  is  more  commonly  found  on  the  right 
side;  when  absent,  its  place  is  supplied  by  an  intercostal  branch  from  the  aorta. 
Each  intercostal  gives  off  a  posterior  branch  which  goes  to  the  posterior  vertebral 
muscles,  and  sends  a  small  spinal  branch  through  the  corresponding  intervertebral 
foramen  to  the  medulla  spinalis  and  its  membranes. 

The  Profunda  Cervicalis  (a.  cervicalis  profunda;  deep  cervical  branch)  arises,  in 
most  cases,  from  the  costocervical  trunk,  and  is  analogous  to  the  posterior  branch 
of  an  aortic  intercostal  artery:  occasionally  it  is  a  separate  branch  from  the  sub- 
clavian artery.  Passing  backward,  above  the  eighth  cervical  nerve  and  between 
the  transverse  process  of  the  seventh  cervical  vertebra  and  the  neck  of  the  first  rib, 
it  runs  up  the  back  of  the  neck,  between  the  Semispinales  capitis  and  colli,  as  high 
as  the  axis  vertebra,  supplying  these  and  adjacent  muscles,  and  anastomosing  with 
the  deep  division  of  the  descending  branch  of  the  occipital,  and  with  branches  of 
the  vertebral.  It  gives  oflF  a  spinal  twig  which  enters  the  canal  through  the  inter- 
vertebral foramen  between  the  seventh  cervical  and  first  thoracic  vertebrae. 


THE  AXILLA  ^667 


THE   AXILLA. 


The  axilla  is  a  pyramidal  space,  situated  between  the  upper  lateral  part  of  the 
chest  and  the  medial  side  of  the  arm. 

Boundaries. — ^The  apex,  which  is  directed  upward  toward  the  root  of  the  neck, 
corresponds  to  the  interval  between  the  outer  border  of  the  first  rib,  the  superior 
border  of  the  scapula,  and  the  posterior  surface  of  the  clavicle,  and  through  it 
the  axillary  vessels  and  nerves  pass.  The  b<ise,  directed  downward,  is  broad  at 
the  chest  but  narrow  and  pointed  at  the  arm;  it  is  formed  by  the  integument  and  a 
thick  layer  of  fascia,  the  axillary  fascia,  extending  between  the  lower  border  of  the 
Pectoralis  major  in  front,  and  the  lower  border  of  the  Latissimus  dorsi  behind. 
The  anterior  wall  is  formed  by  the  Pectorales  major  and  minor,  the  former  covering 
the  whole  of  this  wall,  the  latter  only  its  central  part.  The  space  between  the  upper 
border  of  the  Pectoralis  minor  and  the  cla\'icle  is  occupied  by  the  coracoclavicular 
fascia.  The  posterior  wall,  which  extends  somewhat  lower  than  the  anterior,  is 
formed  by  the  Subscapularis  above,  the  Teres  major  and  Latissimus  dorsi  below. 
On  the  medial  side  are  the  first  four  ribs  with  their  corresponding  Intercostales, 
and  part  of  the  Serratus  anterior.  On  the  lateral  side,  where  the  anterior  and 
posterior  walls  converge,  the  space  is  narrow,  and  bounded  by  the  humerus,  the 
Coracobrachialis,  and  the  Biceps  brachii. 

Contents. — ^It  contains  the  axillary  vessels,  and  the  brachial  plexus  of  nerves, 
with  their  branches,  some  branches  of  the  intercostal  nerves,  and  a  large  number 
of  lymph  glands,  together  with  a  quantity  of  fat  and  loose  areolar  tissue.  The 
axillary  artery  and  vein,  with  tlxe  brachial  plexus  of  nerves,  extend  obliquely  along 
the  lateral  boundary  of  the  axilla,  from  its  apex  to  its  base,  and  are  placed  much 
nearer  to  the  anterior  than  to  the  posterior  wall,  the  vein  lying  to  the  thoracic  side 
of  the  artery  and  partially  concealing  it.  At  the  forepart  of  the  axilla,  in  contact 
with  the  Pectorales,  are  the  thoracic  branches  of  the  axillary  artery,  and  along 
the  lower  margin  of  the  Pectoralis  minor  the  lateral  thoracic  artery  extends  to  the 
side  of  the  chest.  At  the  back  part,  in  contact  with  the  lower  margin  of  the  Sub- 
scapularis, are  the  subscapular  vessels  and  nerves;  winding  around  the  lateral 
border  of  this  muscle  are  the  scapular  circumflex  vessels;  and,  close  to  the  neck 
of  the  humerus,  the  posterior  humeral  circumflex  vessels  and  the  axillary  nerve 
curve  backward  to  the  shoulder.  Along  the  medial  or  thoracic  side  no  vessel  of 
any  importance  exists,  the  upper  part  of  the  space  being  crossed  merely  by  a  few 
small  branches  from  the  highest  thoracic  artery.  There  are  some  important  nerves, 
however,  in  this  situation,  viz.,  the  long  thoracic  nerve,  descending  on  the  surface 
of  the  Serratus  anterior,  to  which  it  is  distributed;  and  the  intercostobrachial 
nerve,  perforating  the  upper  and  anterior  part  of  this  wall,  and  passing  across  the 
axilla  to  the  medial  side  of  the  arm. 

The  position  and  arrangement  of  the  lymph  glands  are  described  on  pages  780 
and  781. 

AppUad  Anatomy. — The  axilla  is  a  space  of  considerable  surgical  importance.  It  transmits 
the  large  vessels  and  nerves  to  the  upper  extremity,  and  these  may  be  the  seat  of  injury  or  disease; 
it  contains  numerous  lymph  glands  which  may  require  removal;  in  it  is  a  quantity  of  loose  con- 
nective and  adipose  tissue  which  may  be  readily  infiltrated  with  blood  or  inflammatory  exuda- 
tion; and  it  may  be  the  seat  of  rapidly  growing  tumors.  Moreover,  it  is  covered  at  its  base  by 
thin  skin,  which  is  largely  supplied  with  sebaceous  and  sweat  glands,  and  is  fr^uently  the  seat 
of  small  cutaneous  abscesses  and  boils. 

Penetrating  woimds  in  the  axilla  are  sometimes  accompanied  by  extensive  hemorrhage,  either 
from  wounds  of  the  main  vessels,  or  of  one  of  the  large  branches  of  the  axillar>'^  artery,  e.  g.,  the 
lateral  thoracic  or  the  subscapular.  Where  the  blood  cannot  find  an  easy  exit  externally,  it 
collects  in  the  axillary  space  and  forms  a  large  swelling  which  projects  in  the  floor  of  the  axilla 
and  also  bulges  forward  the  Pectoralis  major.  The  treatment  consists  in  freely  opening  up  the 
cavity  and  searching  for  and  securing  the  bleeding  vessel. 
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When  suppuration  occurs  in  the  axilla,  the  arrangement  of  the  fascise  plays  a  very  important 
part  in  the  direction  which  the  pus  takes.  As  described  on  page  528,  the  coracoclavicular  fascia, 
after  covering  in  the  space  between  the  clavicle  and  the  upper  border  of  the  Pectoralis  minor 
splits  to  enclose  this  muscle,  and,  reblending  at  its  lower  border,  becomes  incorporated  with 
the  axillary  fascia  at  the  anterior  fold  of  the  axilla.  Suppuration  may  take  place  either  superficial 
to  or  beneath  this  layer  of  fascia;  that  is,  either  between  the  Pectorales  or  behind  the  Pectoralis 
minor;  in  the  former  case,  the  abscess  would  point  either  at  the  anterior  border  of  the  .axillary 
fold,  or  in  the  groove  between  the  Deltoideus  and  the  Pectoralis  major;  in  the  latter,  the  pus 
would  have  a  tendency  to  surround  the  vessels  and  nerves,  and  ascend  into  the  neck,  that  being 
the  direction  in  which  there  is  least  resistance.  Its  progress  toward  the  surface  is  prevented  by 
the  axillary  fascia;  its  progress  backward,  by  the  insertion  of  the  Serratus  anterior;  forward, 
by  the  coracoclavicular  fascia;  medialward,  by  the  wall  of  the  thorax;  and  lateralward,  by  the 
upper  Umb.  The  pus  in  these  cases,  after  extending  into  the  neck,  has  been  known  to  spread 
through  the  superior  opening  of  the  thorax  into  the  mediastinal  cavity.  Instances  have  been 
recorded  where  the  pus  found  its  way  along  the  course  of  the  vessels  into  the  upper  arm. 

When  opening  an  axillary  abscess,  the  knife  should  be  entered  in  the  floor  of  the  axilla,  midway 
between  the  anterior  and  posterior  margins  and  near  the  thoracic  side  of  the  space.  After  an 
incision  has  been  made  through  the  skin  and  fascia  it  is  well  to  use  a  director  and  dressing  forceps 
in  the  manner  directed  by  Hilton. 

The  relations  of  the  vessels  and  nerves  in  the  several  parts  of  the  axilla  are  important,  for  it 
is  the  almost  universal  plan,  in  the  present  day,  to  remove  the  glands  from  the  axilla  in  operating 
for  cancer  of  the  breast.  In  performing  such  an  operation,  it  is  necessary  to  proceed  with  much 
caution  in  the  direction  of  the  lateral  wall  and  apex  of  the  space,  as  here  the  axillary  vessels 
are  in  danger  of  being  wounded.  The  subscapular,  scapular  circumflex,  and  posterior  humeral 
circumflex  vessels  on  the  posterior  wall  and  the  thoracic  branches  along  the  anterior  wall  must 
be  avoided.  In  clearing  out  the  axilla,  the  axillary  vein  should  be  first  defined  and  traced  up 
to  the  apex  of  the  space  by  means  of  a  director.  The  Pectoralis  major  is  retracted  by  an  assistant ; 
or,  as  is  more  commonly  the  practice  in  the  present  day,  the  sternocostal  origin  of  this  muscle 
is  first  removed.  This  proceeding  not  only  lessens  the  chance  of  reciurence  of  the  disease,  but 
also  enables  the  surgeon  to  clear  out  the  axillary  cavity  more  thoroughly.  When  the  apex  of 
the  space  is  reached  all  fat  and  glands  must  be  carefully  removed  and  the  whole  axilla  cleared 
by  separating  the  tissues  along  the  medial  and  posterior  walls,  so  that  when  the  proceeding  is 
completed  the  axilla  is  emptied  of  all  its  contents  except  the  main  vessels  and  nerves. 

The  Axillary  Artery  (A.  Axillaris)  (Fig.  599). 

The  axillary  artery,  the  continuation  of  the  subclavian,  commences  at  the  outer 
border  of  the  first  rib,  and  ends  at  the  lower  border  of  the  tendon  of  the  Teres 
major,  where  it  takes  the  name  of  brachial.  Its  direction  varies  with  the  position 
of  the  limb;  thus  the  vessel  is  nearly  straight  when  the  arm  is  directed  at  right 
angles  with  the  trunk,  concave  upward  when  the  arm  is  elevated  above  this,  and 
convex  upward  and  lateralward  when  the  arm  lies  by  the  side.  At  its  origin  the 
artery  is  very  deeply  situated,  but  near  its  termination  is  superficial,  being  covered 
only  by  the  skin  and  fascia.  To  facilitate  the  description  of  the  vessel  it  is  divided 
into  three  portions;  the  first  part  lies  above,  the  second  behind,  and  the  third 
below  the  Pectoralis  minor. 

Relations. — The  first  portioii  of  the  axillary  artery  is  covered  anteriorly  by  the  clavicular 
portion  of  the  Pectoralis  major  and  the  coracoclaviciilar  fasom  and  is  crossed  by  the  lateral 
anterior  thoracic  nerve,  and  the  thoracoacromial  and  cephalic  veins;  posterior  to  it  are  the  first 
intercostal  space,  the  corresponding  Intercostalis  externus,  the  first  a^nd  second  digitations  of 
the  Serratus  anterior,  and  the  long  thoracic  and  medial  anterior  thoracic  nerves,  and  the  medial 
cord  of  the  brachial  plexus;  on  its  lateral  side  is  the  brachial  plexus,  from  which  it  is  separated 
by  a  little  areolar  tissue;  on  its  medialf  or  thoracic  side,  is  the  axillary  vein  which  overlaps  the 
artery.  It  is  enclosed,  together  with  the  axillary  vein  and  the  brachial  plexus,  in  a  fibrous  sheath 
— the  axillary  sheath — continuous  above  with  the  deep  cervical  fascia. 

The  second  portion  of  the  axillary  artery  is  covered,  anteriorly^  by  the  Pectorales  major  and 
minor;  posterior  to  it  are  the  posterior  cord  of  the  brachial  plexus,  and  some  areolar  tissue  which 
intervenes  between  it  and  the  Subscapularia;  on  the  medial  side  is  the  .axillary  vein,  separated 
from  the  artery  by  the  medial  cord  of  the  brachial  plexus  and  the  medial  anterior  thoracic  nerve; 
on  the  lateral  side  is  the  lateral  cord  of  the  brachial  plexus.  The  brachial  plexus  thus  surrounds 
the  artery  on  three  sides,  and  separates  it  from  direct  contact  with  the  vein  and  adjacent  muscles. 

The  third  portion  of  the  axillary  artery  extends  from  the  lower  border  of  the  Pectoralis  minor 
to  the  lower  border  of  the  tendon  of  the  Teres  major.    In  fronts  it  is  covered  by  the  lower  part 
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of  the  Pectoralis  major  above,  but  only  by  the  integument  and  fascia  below;  behind,  it  is  in  rela- 
tion with  the  lower  part  of  the  SubBCapukria,  and  the  tendons  of  the  Latissimus  dorei  and  Teres 
"lajor;  on  it«  lateral  side  is  the  Coracobrachialis,  and  on  its  medial  or  thoracic  side,  the  anllary 
"ein.  The  nerves  of  the  brachial  plexus  bear  the  foUowinR  relations  to  this  part  of  the  artery: 
on  the  ialeral  side  are  the  lateral  head  and  the  trunk  of  the  median,  and  the  musculocutaneous 
for  a  short  distance;  on  the  medial  side  the  ulnar  (between  the  vein  and  artery)  and  medial  brachial 
(cutaneous  (to  the  medial  side  of  the  vein);  in  front  are  the  medial  head  of  the  median  and  the 
medial  antibrachial  cutaneous,  and  behind,  the  radial  and  axillary,  the  latter  only  as  f ar  aa  the 
lower  border  of  the  Subscapularis. 


FlQ.  59fl.— The  HiUsty  nrlery  and  iU  branthes. 

ij.—Compreatum  of  the  vessel  may  be  required  in  the  removal  of  tumors,  or 
ia  amputation  of  the  upper  part  of  the  arm;  and  the  only  situation  in  which  this  can  t)e  eiTectually 
auide  is  in  the  lower  piul  of  its  course;  by  pressing  it  against  the  humerus  in  this  situation,  the 
circulation  may  be  effectually  arrested. 

With  the  exception  of  the  popUteal,  the  axillary  artery  is  perhaps  more  frequently  lacerated 
ihsD  any  other  artery  in  the  body  by  violent  movements,  especially  in  those  .cases  where  its 
coata  are  diseased.  It  has  occasionaJly  been  ruptured  in  attempts  to  reduce  old  dislocations 
of  the  shoulder-joint.  This  lesion  is  most  likely  to  occur  during  the  prehminary  breaking  down 
of  adhesions,  in  cases  where  the  artery  has  become  fixed  to  the  capsule  of  the  joint.  Aneurism 
of  the  axillary  artery  sometimes  occurs;  a  large  number  of  the  cases  are  traumatic  in  their  origin, 
due  to  the  injuries  to  which  the  artery  is  exposed  in  the  varied,  extensive,  and  often  violent 
movements  of  the  limb. 

The  application  oj  a  ligalure  to  the  axillary  artery  may  be  required  in  cases  of  aneurism  of  the 
upper  part  of  the  brachial,  or  aa  a  distal  operation  for  aneurism  of  the  subclavian;  and  there  are 
only  two  situations  in  whieh  it  can  be  secured,  viz.,  in  the  first  and  in  the  third  parts  of  its  course; 
for  the  second  part  of  the  artery  is  so  deeply  seated,  and  so  closely  surrounded  with  large  nerve 
trunks,  that  the  appUcation  of  a  ligature  to  it  there  would  be  almost  impracticable. 

In  the  third  part  of  its  course  the  operation  is  simple,  and  may  be  performed  in  the  following 
manner.  The  arm  is  separated  from  the  side,  with  the  hand  supinated,  and  an  incision  about 
5  cm.  in  length  is  made  through  the  integument  forming  the  floor  of  the  axilla,  a  little  nearer  to 
theanteriortian  to  the  posterior  fold  of  the  axilla.  After  carefully  dissecting  through  the  areolar 
tissue  and  faicia,  the  median  nerve  and  axillary  vein  are  exposed;  the  nerve  is  displaced  to  the 
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lateral,  and  the  vein  to  the  medial  side  of  the  arm,  the  elbow  being  at  the  same  time  bent  so  as  to 
relax  the  structures  and  facilitate  their  separation;  the  ligature  may  be  passed  around  the  artery 
from  the  ulnar  to  the  radial  side.  This  portion  of  the  artery  is  occasionally  crossed  by  a  muscular 
slip,  the  axillAry  arch  (p.  524),  derived  from  the  Latissimus  dorsi. 

The  first  portion  of  the  axillary  artery  may  be  tied  in  cases  of  aneurism  encroaching  so  far 
upward  that  a  ligature  cannot  be  apphed  to  the  lower  part  of  the  arteiy.  Notwithstanding  that 
this  operation  has  been  performed  in  some  few  patients  with  success,  its  performance  is  attended 
with  much  difficulty  and  danger.  The  student  will  remark  that,  in  this  situation^  it  would  be 
necessary  to  divide  a  thick  muscle,  and,  after  incising  the  coracoclavicular  fascia,  the  artery  would 
be  exposed  at  the  bottom  of  a  more  or  less  deep  space,  with  the  cephalic  and  axillary  veins  in  such 
relation  with  it  as  must  render  the  application  of  a  ligature  to  it  particularly  hazardous.  Under 
such  circumstances,  it  is  an  easier  and,  at  the  same  time,  more  advisable  operation,  to  tie  the 
third  part  of  the  subclavian  artery.  The  first  part  of  the  axillary  can  be  best  secured  by  a  curved 
incision  with  the  convexity  downward  from  a  point  1.25  cm.  lateral  to  the  sternoclavicular  joint 
to  a  point  1.25  cm.  on  the  medial  side  of  the  coracoid  process.  The  limb  is  to  be  well  abducted 
and  the  head  inclined  to  the  opposite  side,  and  the  incision  carried  through  the  superficial  struc- 
tures, care  being  taken  of  the  cephalic  vein  at  the  lateral  angle  of  the  incision.  The  clavicular 
origin  of  the  Pectoralis  piajor  is  then  divided  in  the  whole  extent  of  the  wound.  The  arm  is  now 
brought  to  the  side,  and  the  upper  edge  of  the  Pectoralis  minor  defined  and  drawn  downward. 
The  coracoclavicular  fascia  is  carefully  divided  on  a  director,  close  to  the  coracoid  process,  and 
the  axillary  sheath  exposed;  this  is  to  be  opened  with  special  care  on  account  of  the  vein  over- 
lapping the  artery.    The  needle  should  be  passed  from  below,  so  as  to  avoid  wounding  the  vein. 

Collateral  Circulation  after  Ligature  of  the  Axillary  Aitery. — If  the  artery  be  tied  above  the 
origin  of  the  thoracoacromial,  the  collateral  circulation  will  be  carried  on  by  the  same  branches 
as  after  the  ligature  of  the  third  part  of  the  subclavian  (p.  658) ;  if  at  a  lower  point,  between  the 
thoracoacromial  and  the  subscapular,  the  latter  vessel,  by  its  free  anastomosis  with  the  trans- 
verse scapular  and  transverse  cervical  branches  of  the  subclavian,  will  become  the  chief  agent 
in  carrying  on  the  circulation;  the  lateral  thoracic,  if  it  be  below  the  ligature,  will  materially  contrib- 
ute by  its  anastomoses  with  the  intercostal  and  internal  mammary  arteries.  If  the  point  included 
in  the  ligature  is  below  the  origin  of  the  subscapular  artery,  it  will  most  probably  also  be  below 
the  origins  of  the  two  humeral  circumflex  arteries.  The  chief  agents  in  restoring  the  circulation 
will  then  be  the  subscapular  and  the  two  humeral  circumflex  arteries  anastomosing  with  the 
a.  profunda  brachii. 

Branches. — ^The  branches  of  the  axillary  are: 

From  first  part,  Highest  Thoracic.  From  second  part   {j^f^^a]  Thoracic 

[Subscapular. 
From  third  part    j  Posterior  Humeral  Circumflex. 

[Anterior  Humeral  Circumflex. 

1.  The  highest  thoracic  artery  (a.  thoracalis  suprema;  superior  thoracic  artery) 
is  a  small  vessel,  which  may  arise  from  the  thoracoacromial.  Running  forward 
and  medialward  along  the  upper  border  of  the  Pectoralis  minor,  it  passes  between 
it  and  the  Pectoralis  major  to  the  side  of  the  chest.  It  supplies  branches  to  these 
muscles,  and  to  the  parietes  of  the  thorax,  and  anastomoses  with  the  internal  mam- 
mary and  intercostal  arteries. 

2.  The  thoracoacromial  artery  (a.  thoracoacromialis;  acromiothoracic  artery;  tho- 
racic  axis)  is  a  short  trunk,  which  arises  from  the  forepart  of  the  axillary  artery, 
its  origin  being  generally  overlapped  by  the  upper  edge  of  the  Pectoralis  minor 
Projecting  forward  to  the  upper  border  of  this  muscle,  it  pierces  the  coracoclavicular 
fascia  and  divides  into  four  branches — ^pectoral,  acromial,  clavicular,  and  deltoid. 
The  pectoral  branch  descends  between  the  two  Pectorales,  and  is  distributed  to 
them  and  to  the  mamma,  anastomosing  with  the  intercostal  branches  of  the  internal 
mammary  and  with  the  lateral  thoracic.  The  acromial  branch  runs  lateralward 
over  the  coracoid  process  and  under  the  Deltoideus,  to  which  it  gives  branches; 
it  then  pierces  that  muscle  and  ends  on  the  acromion  in  an  arterial  network  formed 
by  branches  from  the  transverse  scapular,  thoracoacromial,  and  posterior  humeral 
circumflex  arteries.  The  clavicular  branch  runs  upward  and  medialward  to  the 
sternoclavicular  joint,  supplying  this  articulation,   and   the  Subclavius.     The 
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delttHd  {humeral)  bianch,  often  arising  with  the  acromial,  crosses  over  the  Pectorali? 
minor  and  passes  in  the  same  groove  as  the  cephalic  vein,  between  the  Pectoralis 
major  and  Deltoideus,  and  gives  branches  to  both  muscles. 

3.  The  lateral  thoracic  artery  (a.  thoracalis  lateralis;  long  thoracic  artery;  external 
mammary  artery)  follows  the  lower  border  of  the  Pectoralis  minor  to  the  side  of 
the  chest,  supplying  the  Serratus  anterior  and  the  Pectoralis,  and  sending  branches 
across  the  axilla  to  the  axillary  glands  and  Subscapularis ;  it  anastomoses  with  the 
internal  mammary-,  subscapular,  and  intercostal  arteries,  and  with  the  pectoral 
branch  of  the  thoracoacromial.  In  the  female  it  supplies  an  external  mammaiy 
branch  which  turns  round  the  free  edge  of  the  Pectoralis  major  and  supplies  the 
mamma, 

4.  The  subscapular  artei7  {a.  subscapularis)  the  largest  branch  of  the  axillary 
artery,  arises  at  the  lower  border  of  the  Subscapularis,  which  it  follows  to  the  in- 
ferior angle  of  the  scapula,  where  it  anastomoses  with  the  lateral  thoracic  and  inter- 
costal arteries  and  with  the  descending  branch  of  the  transverse  cervical,  and  ends 
in  the  neighboring  muscles.  About  4  cm.  from  its  origin  it  gives  off  a  branch,  the 
scapular  circumflex  artery. 

The  Scapular  Circumflex  Artery  (a.  circumflexa  scapulae;  dorsalis  scapulae  artery) 
is  generally  larger  than  the  continuation  of  the  subscapular.  It  curves  around  the 
axUlary  border  of  the  scapula, 
traversing  the  space  between 
the  Subscapularis  above,  the 
Teres  major  below,  and  the  long  "^ 

head   of   the   Triceps   laterally  or 

(Fig.  600) ;  it  enters  the  infra-  ^ 

spinatous  fossa  under  cover  of 
the  Teres  minor,  and  anasto- 
moses with  the  transverse  scap- 
ular artery  and  the  descending 
branch  of  the  transverse  cervical, 
In  its  course  it  gives  off  two 
branches:  one  (infrascapular) 
enters  the  subscapular  fossa  be- 
neath the  Subscapularis,  which 
it  supplies,  anastomosing  with 
the  transverse  scapular  artery 
and  the  descending  branch  of 
the  transverse  cervical ;  theother 
is  continued  along  the  axillary' 
border  of  the  scapula,  between 

the  Teretes  major  and  minor,  pio.  boc-tiw  ■opuur »«)  dr™ma«  iirt.rie>. 

and  at  the  dorsal  surface  of  the 

inferior  angle  anastomoses  with  the  descending  branch  of  the  transverse  cervical. 
In  addition  to  these,  small  branches  are  distributed  to  the  back  part  of  the  Del- 
toideus and  the  long  head  of  the  Triceps  brachii,  anastomosing  with  an  ascend- 
ing branch  of  the  a.  profunda  brachii. 

5.  The  posterior  humeral  circumflex  artery  (a.  drcumfiexa  humeri  posterior;  pos- 
terior circumflex  artery)  (Fig.  600)  arises  from  the  axillary  artery  at  the  lower  border 
of  the  Subscapularis,  and  runs  backward  with  the  axillary  nerve  through  the  quad- 
rangular space  bounded  by  the  Subscapularis  and  Teres  minor  above,  the  Teres 
major  below,  the  long  head  of  the  Triceps  brachii  medially,  and  the  surgical  neck 
of  the  humerus  laterally.  It  winds  around  the  neck  of  the  humerus  and  is  dis- 
tributed to  the  Deltoideus  and  shoulder-joint,  anastomosing  with  the  anterior 
humeral  circumflex  and  profunda  brachii. 
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6.  The  anterior  humeral  circumflex  artery  (a.  circumfleza  humeri  anterior;  anterior 
circumflex  artery)  (Fig.  600),  considerably  smaller  than  the  posterior,  ame*  nearly 
opposite  it,  from  the  lateral  side  of  the  axillary  artery  It  runs  horizontally,  beneath 
the  Coracobrachialis  and  short  head  of  the  Biceps  brachii,  in  front  of  the  neck  of 
the  humerus.  On  reaching  the  intertubercular  sulcus,  it  gives  off  a  branch  which 
ascends  in  the  sulcus  to  supply  the  head  of  the  humerus  and  the  shoulder-joint. 
The  trunk  of  the  vessel  is  then  continued  onward  beneath  the  long  head  of  the 
Biceps  brachii  and  the  Deltoideus,  and  anastomoses  with  the  posterior  humeral 
circumflex  artery. 

Peculiarities. — ^The  branches  of  the  axillary  artery  vary  considerably  in  different  subjects. 
Occasionally  the  subscapular,  humeral  circumflex,  and  profunda  arteries  arise  from  a  conmion 
tnmk,  and  when  this  occiu*s  the  branches  of  the  brachial  plexus  surround  this  tnmk  instead  of 
the  main  vessel.  Sometimes  the  axillary  artery  divides  into  the  radial  and  ulnar  arteries,  and 
occasionally  it  gives  origin  to  the  volar  interosseous  artery  of  the  forearm. 

The  Brachial  Artery  (A.  Brachialis)  (Fig.  601). 

The  brachial  artery  commences  at  the  lower  margin  of  the  tendon  of  the  Teres 
major,  and,  passing  down  the  arm,  ends  about  1  cm.  below  the  bend  of  the  elbow, 
where  it  divides  into  the  radial  and  ulnar  arteries.  At  first  the  brachial  artery  lies 
medial  to  the  humerus;  but  as  it  runs  down  the  arm  it  gradually  gets  in  front  of 
the  bone,  and  at  the  bend  of  the  elbow  it  lies  midway  between  its  two  epicondyles. 

Relations. — The  artery  is  superficial  throughout  its  entire  extent,  being  covered,  in  front, 
by  the  integument  and  the  superficial  and  deep  fasciae;  the  lacertus  fibrosus  (bicipital  fascia) 
lies  in  front  of  it  opposite  the  elbow  and  separates  it  from  the  vena  mediana  cubiti;  the  median 
nerve  crosses  from  its  lateral  to  its  medial  side  opposite  the  insertion  of  the  Coracobrachialis. 
Behindj  it  is  separated  from  the  long  head  of  the  Triceps  brachii  by  the  radial  nerve  and  a.  pro- 
funda brachii.  It  then  lies  upon  the  medial  head  of  the  Triceps  brachii,  next  upon  the  insertion 
of  the  Coracobrachialis,  and  lastly  on  the  Brachialis.  LateraUyy  it  is  in  relation  above  with  the 
median  nerve  and  the  Coracobrachialis,  below  with  the  Biceps  brachii,  the  two  muscles  over- 
lapping the  artery  to  a  considerable  extent.  MediaUyj  its  upper  half  is  in  relation  with  the  medial 
antibrachial  cutaneous  and  ulnar  nerves,  its  lower  half  with  the  median  nerve.  The  basilic  vein 
lies  on  its  medial  side,  but  is  separated  from  it  in  the  lower  part  of  the  arm  by  the  deep  fascia. 
The  artery  is  accompanied  by  two  venae  comitantes,  which  lie  in  close  contact  with  it,  and  are 
connected  together  at  intervals  by  short  transverse  branches. 

The  Anticubital  Fossa. — ^At  the  bend  of  the  elbow  the  brachial  artery  sinks 
deeply  into  a  triangular  interval,  the  anticubital  fossa.  The  base  of  the  triangle 
is  directed  upward,  and  is  represented  by  a  line  connecting  the  two  epicondyles 
of  the  humerus;  the  sides  are  formed  by  the  medial  edge  of  the  Brachioradialis 
and  the  lateral  margin  of  the  Pronator  teres;  the  floor  is  formed  by  the  Brachialis 
and  Supinator.  This  space  contains  the  brachial  artery,  with  its  accompanying 
veins;  the  radial  and  ulnar  arteries;  the  median  and  radial  nerves;  and  the  tendon 
of  the  Biceps  brachii.  The  brachial  artery  occupies  the  middle  of  the  space,  and 
divides  opposite  the  neck  of  the  radius  into  the  radial  and  ulnar  arteries ;  it  is  covered, 
in  front,  by  the  integument,  the  superficial  fascia,  and  the  vena  mediana  cubiti, 
the  last  being  separated  from  the  artery  by  the  lacertus  fibrosus.  Behind  it  is 
the  Brachialis  which  separates  it  from  the  elbow-joint.  The  median  nerve  lies 
close  to  the  medial  side  of  the  artery,  above,  but  is  separated  from  it  below  by  the 
ulnar  head  of  the  Pronator  teres.  The  tendon  of  the  Biceps  brachii  lies  to  the  lateral 
side  of  the  artery;  the  radial  nerve  is  situated  upon  the  Supinator,  and  concealed 
by  the  Brachioradialis. 

Peculiarities  of  the  Brachial  Artery  as  Regards  its  Course. — The  brachial  artery,  accompanied 
by  the  median  nerve,  may  leave  the  medial  border  of  the  Biceps  brachii,  and  descend  toward 
the  medial  epicondyle  of  the  humerus;  in  such  cases  it  usually  passes  behind  the  supracondylar 
process  of  the  humerus,  from  which  a  fibrous  arch  is  in  most  cases  thrown  over  the  artery;  it 
then  runs  beneath  or  through  the  substance  of  the  Pronator  teres,  to  the  bend  of  the  elbow. 
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This  variation  be&ra  considerable  analogy  with  the  normal  condition  of  the  artery  in  come  of 
the  camivora;  it  has  been  referred  to  in  the  description  of  the  humerus  (p.  312). 

As  Bagkrds  its  Dinsion. — Occasionally,  the  artery  ia  divided  for  a  short  distance  at  its  upper 
part  into  two  trunks,  which  are  united  below.  Frequently  the  artery  divides  at  a  higher  level 
than  usual,  and  the  vessels  concerned  in  this  high  division  are  three,  vis.,  radial,  ulnar,  and 
interoeseous.  Most  frequently  the  radial  is  given  off  high  up,  the  other  limb  of  the  bifurcation 
consisting  of  the  ulnar  and  interosseous;  in  some  instances  the  ulnar  arises  above  the  ordinary 
level,  and  the  radial  and  interosseous 
form  the  other  limb  of  the  division;  occa- 
sionally the  interosseous  arises  high  up. 

Sometimes,  long  slender  vessels,  nana 
aberrantia,  connect  the  brachial  or  the 
axillary  artery  with  one  of  the  arteries 
of  the  forearm,  or  branches  from  them. 
These  vessels  usually  join  the  radial. 

T&rietiu  in  Mtucnlu  Belations.--Tbe 
brachial  artery  is  occasionally  concealed, 
in  some  part  of  its  course,  by  muscular 
or  tendinous  sUps  derived  from  the  Cora- 
cobrachialis,  Biceps  brachii,  Brachialis, 
or  Pronator  teres. 

i^pUod  AaAtomr.— In  spite  of  the  fact  '.  anlibrach. 

thai  the  brachial  artery  is  very  EUper6cial  >">.  ntrve 

and  but  little  protected  by  surrounding 

tissues,    it  is  seldom   wounded.    This,  no  lalnent 

doubt,  is  due  to  its  situation  on  the  medial  .  ^ 

side  of  the  arm,  which  is  little  exposed  to  ■nrftii 

injury.  Compreoion  of  the  brachial  artery 
is  required  in  cases  of  amputation  and 
some  other  operations  in  the  arm  and 
foreann,  and  may  be  effected  in  almost 
any  part  of  the  course  of  the  artery.  If 
pressure  be  made  in  the  upper  part  of 

the   limb,  it  should   be   directed   lateral-  limrceUalrrai 

ward;  if  in  the  lower  part,  backward,  as  aritry 

ihe  artery  Ues  on  the  medial  side  of  the 
humerus  above,  and  in  front  of  it  below. 
The  most  favorable  situation  is  about 
the  middle  of  the  arm,  where  the  artery 

lies  on  the  tendon  of  the  Coracobracbialis  1^,  ecUaUral 

on  the  inedi&l  surface  of  the  humerus.  arkry 

The  application  of  a  tigalure  to  the 
brachial  artery  may  be  required  in  cases 
of  wound  of  the  vessel,  and  in  some 
cases  of  wound  of  the  volar  arch.  It  is 
also  sometimes  necessary  in  cases  of 
'  the  brachial,  radial,  ulnar, 
ries.  The  artery  may 
be  secured  in  any  part  of  its  course. 
The  chief  guides  in  determining  its  posi- 
tion are  the  surface  markings  produced 
by  the  medial  margins  of  the  Coraco- 
brachialis   and   Biceps  brachii,  and  the 

known  course  of  the  vessel;  its  pulsation  ^'°-  soi.— The  brschini  artery, 

should  be  carefully  felt  for  before  any 

operation  ia  performed,  as  the  vessel  occasionally  deviates  from  its  usual  position.  It  ia  essential 
in  applying  a  hgature  to  this  vessel  that  the  arm  should  be  held  away  from  the  side,  and  supported 
only  from  the  elbow,  for  if  the  arm  be  allowed  to  rest  on  any  firm  structure  the  Triceps  brachii  is 
pressed  forward  and  overlaps  the  vessel,  thus  making  the  operation  much  more  difficult. 

In  the  upper  third  of  the  arm  the  artery  may  be  exposed  in  tl|e  following  manner.  The  patient 
being  placed  supine  upon  a  table,  the  affected  limb  should  be  raised  from  the  side,  and  the  hand 
supmated.  An  incision  about  5  cm.  in  length  is  made  on  the  medial  side  of  the  Coracobrachiahs, 
and  the  subjacent  fascia  cautiously  divided,  so  as  to  avoid  wounding  the  medial  antibrachial 
cutaneous  nerve  or  basihc  vein,  as  the  latter  sometimes  runs  on  the  surface  of  the  artery  as  high 
as  the  axilla.  The  fascia  having  been  divided,  it  should  be  remembered  that  the  ulnar  nerve 
and  the  medial  antibrachial  cutaneous  nerve  he  on  the  medial  side  of  the  arlerj-,  the  median  nerve 
43 
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on  the  lateral  side  but  occasionally  superficial  to  the  artery  in  this  situation,  and  that  the  venae 
comitantes  are  also  in  relation  with  the  vessel,  one  on  either  side.  These  being  carefully  sepa- 
rated, the  aneurism  needle  should  be  passed  around  the  artery  from  the  medial  side. 

In  the  case  of  a  high  division,  the  two  arteries  are  usually  placed  side  by  side;  and  if  they  are 
exposed  in  an  operation,  the  surgeon  should  endeavor  to  ascertain,  by  alternately  pressing  on 
each  vessel,  which  is  connected  with  the  wound  or  aneurism,  when  a  ligature  may  be  applied 
accordingly;  if  pulsation  or  hemorrhage  ceases  only  when  both  vessels  are  compressed,  both  must 
be  tied.  * 

In  the  middle  of  the  arm  the  brachial  artery  may  be  exposed  by  making  an  incision  along  the 
medial  margin  of  the  Biceps  brachii.  The  forearm  being  bent  so  as  to  relax  the  muscle,  it  should 
be  drawn  slightly  aside,  and  the  fascia  carefully  divided,  when  the  median  nerve  will  be  exposed 
lying  upon  (sometimes  behind)  the  artery;  the  nerve  being  drawn  medialward  and  the  muscle 
lateralward,  the  artery  should  be  separated  from  its  accompanying  veins  and  secured.  In  this 
situation  the  superior  ulnar  collateral  (inferior  profunda)  may  be  mistaken  for  the  main  trunk, 
especially  if  enlarged  from  the  collateral  circulation  having  become  established;  this  may  be 
avoided  by  directing  the  incision  toward  the  Biceps  brachii,  rather  than  toward  the  Triceps 
brachii. 

The  lower  part  of  the  brachial  artery  is  of  interest  from  a  surgical  point  of  view,  on  account  of 
the  relation  which  it  bears  to  the  veins  most  commonly  opened  in  venesection.  Of  these  vessels, 
the  vena  mediana  cubiti  (median  basilic  vein)  is  the  largest  and  most  prominent,  and,  conse- 
quently, the  one  usually  selected  for  the  operation.  This  vein  runs  parallel  with  the  brachial 
artery,  from  which  it  is  separated  by  the  lacertus  fibrosus  (bicipital  fascia)  y  and  care  should  be 
taken,  in  opening  the  vein,  not  to  carry  the  incision  too  deep,  so  as  to  endanger  the  artery. 

CoUateral  Circulation. — ^After  the  application  of  a  ligature  to  the  brachial  artery  in  the  upper 
third  of  the  arm,  the  circulation  is  carried  on  by  branches  from  the  humeral  circumflex  and  sub- 
scapular arteries  anastomosing  with  ascending  branches  from  the  profimda  brachii.  If  the 
artery  be  tied  below  the  origin  of  the  profunda  brachii  and  superior  ulnar  collateral,  the  circula- 
tion is  maintained  by  the  branches  of  these  two  arteries  anastomosing  with  the  inferior  ulnar 
collateral,  the  radial  and  ulnar  recurrents,  and  the  dorsal  interosseous. 

Branches. — ^The  branches  of  the. brachial  artery  are: 

Profunda  Brachii.  Superior  Ulnar  Collateral. 

Nutrient.  Inferior  Ulnar  Collateral. 

Muscular. 

1 .  The  arteria  profunda  brachii  {superior  profunda  artery)  is  a  large  vessel  which 
arises  from  the  medial  and  back  part  of  the  brachial,  just  below  the  lower  border 
of  the  Teres  major.  It  follows  closely  the  radial  nerve,  running  at  first  backward 
between  the  medial  and  lateral  heads  of  the  Triceps  brachii,  then  along  the  groove 
for  the  radial  nerve,  where  it  is  covered  by  the  lateral  head  of  the  Triceps  brachii, 
to  the  lateral  side  of  the  arm;  there  it  pierces  the  lateral  intermuscular  septum, 
and,  descending  between  the  Brachioradialis  and  the  Brachialis  to  the  front  of 
the  lateral  epicondyle  of  the  humerus,  ends  by  anastomosing  with  the  radial  recur- 
rent artery.  It  gives  branches  to  the  Deltoideus  and  to  the  muscles  between  which 
it  lies;  it  supplies  an  occasional  nutrient  artery  which  enters  the  humerus  behind  the 
deltoid  tuberosity.  A  branch  ascends  between  the  long  and  lateral  heads  of  the 
Triceps  brachii  to  anastomose  with  the  posterior  humeral  circumflex  artery;  a 
middle  collateral  branch  descends  in  the  middle  head  of  the  Triceps  brachii  and 
assists  in  forming  the  anastomosis  above  the  olecranon;  and,  lastly,  a  radial  collateral 
branch  runs  down  behind  the  lateral  intermuscular  septum  to  the  back  of  the  lateral 
epicondyle  of  the  humerus,  where  it  anastomoses  with  the  interosseous  recurrent 
and  the  inferior  ulnar  collateral  arteries. 

2.  The  nutrient  artery  (a.  nutricia  humeri)  of  the  body  of  the  humerus  arises 
about  the  middle  of  the  arm  and  enters  the  nutrient  canal  near  the  insertion  of  the 
Coracobrachialis. 

3.  The  superior  ulnar  collateral  artery  (a.  collateralis  ulnaris  superior;  inferior 
profunda  artery),  of  small  size,  arises  from  the  brachial  a  little  below  the  middle 
of  the  arm;  it  frequently  springs  from  the  upper  part  of  the  a.  profunda  brachii. 
It  pierces  the  medial  intermuscular  septum,  and  descends  on  the  surface  of  the  medial 
head  of  the  Triceps  brachii  to  the  space  between  the  medial  epicondyle  and 
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olecranon,  accompanied  by  the  ulnar  ner\'e,  and  ends  under  the  Flexor  carpi  ulnaris 
by  anastomosing  with  the  posterior  ulnar  recurrent,  and  inferior  ulnar  collateral. 
It  sometimes  sends  a*branch  in  front  of  the  raedial  epicondyle,  to  anastomose 
with  the  anterior  ulnar  recurrent.  Aa-^ 

4.  The  inferior  ulnar  collateral  artery  (a.  collateralis  ulnaris  inferior;  anastomotica 
magna  artery)  arises  about  5  cm.  above  the  elbow.  It  passes  medialward  upon  the 
Brachialis,  and  piercing  the  medial  intermuscular  septum,  winds  around  the  back  of 
the  humerus  between  the  Triceps  brachii  and  the  bone,  forming,  by  its  junction  with 
the  profunda  brachii,  an  arch  above  the  olecranon  fossa.  As  the  vessel  lies  on  the 
Brachialis,  it  gives  off  branches  which  ascend  to  join  the  superior  ulnar  collateral : 
others  descend  in  front  of  the  medial  epicondjle,  to  anastomose  with  the  anterior 
ulnar  recurrent.  Behind  the  medial  epicondjle  a  branch  anastomoses  with  the 
superior  ulnar  collateral  and  posterior  ulnar  recurrent  arteries. 

0.  The  muscular  branches  (rami  musculares)  three  or  four  in  number,  are  dis- 
tributed to  the  Coracobraehialis,  Biceps  brachii,  and  Brachialis. 

.,  profanda  braehii 


«p.  ulnar  eoUatrral 
AnUrior  branch  o/  pro/un 


attrrior  ulnar  recurrcnf 
Baiial  rtewm 

ttterior  vlnar  rtimmnt 


Fio.  803.— Disaram  of  Ihe  snmiitoinogiB  around  the  elbow-joint. 

The  Anastomosis  Around  the  Hbow-ioint  (Fig.  602).— The  vessels  e 
tn\s  anastomosis  may  be  conveniently  divided  into  those  situated  in  front  of  and 
Uvose  behind  the  medial  and  lateral  epicondj'les  of  the  humerus.  The  branches 
anastomosing  in  front  of  the  medial  epicondyle  are:  the  anterior  branch  of  the 
mlerior  ulnar  collateral,  the  anterior  ulnar  recurrent,  and  the  anterior  branch  of 
the  superior  ulnar  collateral.  Those  behind  the  medial  epicondyle  are:  the  interior 
ulnar  collateral,  the  posterior  ulnar  recurrent,  and  the  posterior  branch  of  the  supe- 
rior ulnar  collateral.  The  branches  anastomosing  in  front  of  the  lateral  epicond>  le 
jre:  the  radial  recurrent  and  the  terminal  part  of  the  profunda  brachii.  Those 
^iind  the  lateral  epicondyle  (perhaps  more  properly  described  as  being  situated 
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between  the  lateral  epicoiidyle  and  the  olecranon)  are:  the  inferior  ulnar  collateral, 
the  interosseous  recurrent,  and  the  radial  collateral  branch  of  the  profunda  brachii. 
There  is  also  an  arch  of  anastomosis  above  the  olecranon,  formed  by  the  interosseous 
recurrent  joining  with  the  inferior  ulnar  collateral  and  posterior  ulnar  recurrent 
(Fig.  605). 

The  Radial  Artery  (A.  Badialis)  (Fig.  603). 


The  radial  artery  appears,  from  its  direction,  to  be  the  continuation  of  the  brachial, 
but  it  is  smaller  in  calibre  than  the  ulnar.  It  commences  at  the  bifurcation  of  the 
brachial,  just  below  the  bend  of  the  elbow,  and  passes  along  the  radial  side  of  the 
forearm  to  the  wrist.  It  then  winds  backward,  around  the  lateral  side  of  the  carpus, 
beneath  the  tendons  of  the  Abductor  pollicis  longus  and  Extensores  poUicis  longus 
and  brevis  to  the  upper  end  of  the  space  between  the  metacarpal  bones  of  the  thumb 
and  index  finger.  Finally  it  passes  forward  between  the  two  heads  of  the  first 
Interosseous  dorsalis,  into  the  palm  of  the  hand,  where  it  crosses  the  metacarpal 
bones  and  at  the  ulnar  side  of  the  hand  unites  with  the  deep  volar  branch  of  the 
ulnar  artery  to  form  the  deep  volar  arch.  The  radial  artery  therefore  consists 
of  three  portions,  one  in  the  forearm,  a  second  at  the  back  of  the  wrist,  and  a  third 
in  the  hand. 

Relatioiui. — (a)  In  the  forearm  the  artery  extends  from  the  neck  of  the  radius  to  the  forepart 
of  the  styloid  process,  being  placed  to  the  medial  side  of  the  body  of  the  bone  above,  and  in  front 
of  it  below.  Its  upper  part  is  overlapped  by  the  fleshy  belly  of  the  Brachioradialis;  the  rest  of 
the  artery  is  superficial,  being  covered  by  the  integument  and  the  superficial  and  deep  fascis. 
In  its  course  downward,  it  lies  upon  the  t«idon  of  the  Biceps  brachii,  the  Supinator,  the  Pronator 
teres,  the  radial  origin  of  the  Flexor  digitorum  sublimis,  the  Flexor  pollicis  longus,  the  Pronator 
quadratuB,  and  the  lower  end  of  the  radius.  In  the  upper  third  of  its  course  it  lies  between  the 
Brachioradialis  and  the  Pronator  teres;  in  the  lower  two-thirds,  between  the  tendons  of  the 
Brachioradialis  and  Flexor  carpi  radialis.  The  superficial  branch  of  the  radial  nerve  is  close  to 
the  lateral  side  of  the  artery  in  the  middle  third  of  its  course;  and  some  filaments  of  the  lateral 
antibrachial  cutaneous  nerve  run  along  the  lower  part  of  the  artery  as  it  winds  aroimd  the  wrist. 
The  vessel  is  accompanied  by  a  pair  of  venae  comitantes  throughout  its  whole  course. 

(b)  At  the  uyrisl  the  artery  reaches  the  back  of  the  carpus  by  passing  between  the  radial  collateral 
ligament  of  the  i^Tist  and  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis. 
It  then  descends  on  the  navicular  and  greater  multangular  bones,  and  before  disappearing  be- 
tween the  heads  of  the  first  Interosseus  dorsalis  is  crossed  by  the  tendon  of  the  Extensor  poUicis 
longus.  In  the  interval  between  the  two  Extensores  pollicis  it  is  crossed  by  the  digital  rami  of 
the  superficial  branch  of  the  radial  nerve  which  go  to  the  thumb  and  index  finger. 

(c)  In  the  handf  it  passes  from  the  upper  end  of  the  first  interosseous  space,  between  the  heads 
of  the  first  Interosseus  dorsalis,  transversely  across  the  pabn  between  the  Adductor  pollicis 
obliquus  and  Adductor  pollicis  transversus,  but  sometimes  piercing  the  latter  muscle,  to  the 
base  of  the  metacarpal  bone  of  the  little  finger,  where  it  anastomoses  with  the  deep  volar  branch 
from  the  ulnar  artery,  completing  the  deep  yolar  arch  (Fig.  604). 

Peculiarities. — The  origin  of  the  radial  artery  is,  in  nearly  one  case  in  eight,  higher  than  usual; 
more  often  it  arises  from  the  axillary  or  upper  part  of  the  brachial  than  from  the  lower  part  of 
the  latter  vessel.  In  the  forearm  it  deviates  less  frequently  from  its  normal  position  than  the 
ulnar.  It  has  been  found  lying  on  the  deep  fascia  instead  of  beneath  it.  It  has  also  been  observed 
on  the  surface  of  the  Brachioratlialis,  instead  of  under  its  medial  border;  and  in  turning  around 
the  wrist,  it  has  been  seen  lying  on,  instead  of  beneath,  the  Extensor  tendons  of  the  thumb. 

Applied  Anatomy. — ^The  radial  artery  is  much  exposed  to  injury  in  it«  lower  third,  and  is  fre- 
quently wounded  by  the  hand  being  driven  through  a  pane  of  glass,  by  the  slipping  of  a  knife 
or  chisel  held  in  the  other  hand,  etc.  The  injury  may  be  followed  by  a  traumatic  aneurism,  for 
which  the  operation  of  laying  open  the  sac  and  securing  the  vessel  above  and  below  is  necessary. 

The  operation  of  tying  the  radial  artery  is  required  in  cases  of  wounds  either  of  its  trunk,  or 
of  some  of  its  branches,  or  for  aneurism;  and  the  vessel  may  be  exposed  in  any  part  of  its  course 
through  the  forearm  without  the  division  of  any  muscular  fibres.  The  operation  in  the  middle 
or  distal  third  of  the  forearm  is  easily  performed;  but  in  the  proximal  third,  near  the  elbow,  it 
is  attended  with  some  difficulty,  from  the  greater  depth  of  the  vessel,  and  from  its  being  over- 
lapped by  the  Brachioradialis. 

To  tie  the  artery  in  the  proximal  third,  an  incision  7  or  8  cm.  in  length  should  be  made  through 
the  intpgimient,  in  a  line  drawn  from  the  centre  of  the  bend  of  the  elbow  to  the  front  of  the  styloid 
process  of  the  radius,  avoiding  the  branches  of  the  median  vein;  the  fa.scia  of  the*  arm  being  dividei), 
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ud  the  Braehioradialia  drawn  aside,  the  artery  will  be  exposed.    The  venae  comitantea  should 
be  carefully  separated  from  the  veseel  and  the  ligature  passed  from  the  radial  to  the  ulnar  side. 


Anterior  vinar 

rtcarrtnl 
Posterior  vlnar 

Ttcvmni 


In  the  middle  third  of  the  forearm  the  artery  may  be  exposed  by  making  an  incision  of  Bimilar 
length  on  the  medial  border  of  the  Brachioradialis.    In  this  situalion,  the  superficial  part  of  the 
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radial  nerve  lies  in  close  relation  with  the  lateral  side  of  the  artery,  and  should,  as  well  as  the 
veins,  be  carefully  avoided. 

In  the  distal  third,  the  artery  is  easily  secured  by  dividing  the  integument  and  fascia  in  the 
interval  between  the  tendons  of  the  Brachioradialis  and  Flexor  carpi  radialis. 

Branches. — ^The  branches  of  the  radial  artery  may  be  divided  into  three  groups, 
corresponding  with  the  three  regions  in  which  the  vessel  is  situated. 

In  the  Forearm.  At  the  Wrist  In  the  Hand, 

Radial  Recurrent.         Dorsal  Carpal.  Princeps  PoUicis. 

Muscular.  First  Dorsal  Metacarpal.        Volaris  Indicis  Radialis. 

Volar  Carpal.  Volar  Metacarpal. 

Superficial  Volar.  Perforating. 

Recurrent. 

The  radial  recurrent  artery  (a.  recurrens  radialis)  arises  immediately  below  the 
elbow.  It  ascends  between  the  branches  of  the  radial  nerve,  lying  on  the  Supinator 
and  then  between  the  Brachioradialis  and  Brachialis,  supplying  these  muscles 
and  the  elbow-joint,  and  anastomosing  with  the  terminal  part  of  the  profunda 
brachii. 

The  muscular  branches  {rami  musculares)  are  distributed  to  the  muscles  on  the 
radial  side  of  the  forearm. 

The  volar  carpal  branch  {ramus  carpens  volaris;  anterior  radial  carpal  artery) 
is  a  small  vessel  which  arises  near  the  lower  border  of  the  Pronator  quadratus, 
and,  running  across  the  front  of  the  carpus,  anastomoses  with  the  volar  carpal 
branch  of  the  ulnar  artery.  This  anastomosis  is  joined  by  a  branch  from  the  volar 
interosseous  above,  and  by  recurrent  branches  from  the  deep  volar  arch  below, 
thus  forming  a  volar  carpal  net-work  which  supplies  the  articulations  of  the  WTist 
and  carpus. 

The  superficial  volar  branch  (ramus  volaris  super fidalis;  superficialis  volae  artery) 
arises  from  the  radial  artery,  just  where  this  vessel  is  about  to  wind  around  the 
lateral  side  of  the  wrist.  Running  forward,  it  passes  through,  occasionally  over, 
the  muscles  of  the  ball  of  the  thumb,  which  it  supplies,  and  sometimes  anastomoses 
with  the  terminal  portion  of  the  ulnar  artery,  completing  the  superficial  volar  arch. 
This  vessel  varies  considerably  in  size:  usually  it  is  very  small,  and  ends  in  the 
muscles  of  the  thumb;  sometimes  it  is  as  large  as  the  continuation  of  the  radial. 

The  dorsal  carpal  branch  (ramus  carpeus  dorsalis;  posterior  radial  carpal  artery^ 
is  a  small  vessel  which  arises  beneath  the  Extensor  tendons  of  the  thumb;  crossing 
the  carpus  transversely  toward  the  medial  border  of  the  hand,  it  anastomoses  with 
the  dorsal  carpal  branch  of  the  ulnar  and  with  the  volar  and  dorsal  interosseous 
arteries  to  form  a  dorsal  carpal  network.  From  this  network  are  given  off  three 
slender  dorsal  metacarpal  arteries,  which  run  downward  on  the  second,  third,  and 
fourth  Interossei  dorsales  and  bifurcate  into  the  dorsal  digital  branches  for  the 
supply  of  the  adjacent  sides  of  the  middle,  ring,  and  little  fingers  respectively, 
communicating  with  the  proper  volar  digital  branches  of  the  superficial  volar 
arch.  Near  their  origins  they  anastomose  with  the  deep  volar  arch  by  the  superior 
perforating  arteries,  and  near  their  points  of  bifurcation  with  the  common  volar 
digital  vessels  of  the  superficial  volar  arch  by  the  inferior  perforating  arteries. 

The  first  dorsal  metacarpal  arises  just  before  the  radial  artery  passes  between 
the  two  heads  of  the  first  Interosseous  dorsalis  and  divides  almost  immediately 
into  two  branches  which  supply  the  adjacent  sides  of  the  thumb  and  index  finger; 
the  radial  side  of  the  thumb  receives  a  branch  directly  from  the  radial  arter>\ 

The  arteria  princeps  poUicis  arises  from  the  radial  just  as  it  turns  medialward 
to  the  deep  part  of  the  hand ;  it  descends  between  the  first  Interosseus  dorsalis  and 
Adductor  pollicis  obliquus,  along  the  ulnar  side  of  the  metacarpal  bone  of  the 
thumb  to  the  base  of  the  first  phalanx,  where  it  lies  beneath  the  tendon  of  the 
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Flexor  pollicis  longus  and  divides  into  two  branches.  These  make  their  appear- 
ance between  the  medial  and  lateral  insertions  of  the  Adductor  pollicis  obliquus, 
and  run  along  the  sides  of  the  thumb,  forming  on  the  volar  surface  of  the  last 
phalanx  an  arch,  from  which  branches  are  distributed  to  the  integument  and 
subcutaneous  tissue  of  the  thumb. 

The  arteria  volaris  indicis  radialis  {radialis  indicis  artery)  arises  close  to  the  pre- 
ceding, descends  between  the  first  Interosseus  dorsalis  and  Adductor  pollicis  trans- 
versus,  and  runs  along  the  radial  side  of  the  index  finger  to  its  extremity,  where  it 
anastomoses  with  the  proper  digital  artery,  supplying  the  ulnar  side  of  the  finger.  At 
the  lower  border  of  the  Adductor  pollicis  transversus  this  vessel  anastomoses  with 
the  princeps  pollicis,  and  gives  a  communicating  branch  to  the  superficial  volar  arch. 
The  a.  princeps  pollicis  and  a.  volaris  indicis  radialis  may  spring  from  a  common 
trunk  termed  the  first  yolar  metacarpal  artery. 

The  deep  volar  arch  (arms  volaris  profundus;  deep  palmar  arch)  (Fig.  604)  is 
formed  by  the  anastomosis  of  the  terminal  part  of  the  radial  artery  with  the  deep 
volar  branch  of  the  ulnar.  It  lies  upon  the  carpal  extremities  of  the  metacarpal 
bones  and  on  the  Interossei,  being  covered  by  the  Adductor  pollicis  obliquus,  the 
Flexor  tendons  of  the  fingers,  and  the  Lumbricales.  Alongside  of  it,  but  running 
in  the  opposite  direction — that  is  to  say,  toward  the  radial  side  of  the  hand — is 
the  deep  branch  of  the  ulnar  nerve. 

The  volar  metacarpal  arteries  (oa.  metacarpeae  volares;  palmnr  interosseous 
arteries),  three  or  four  in  number,  arise  from  the  convexity  of  the  deep  volar  arch; 
they  run  distally  upon  the  Interossei,  and  anastomose  at  the  clefts  of  the  fingers 
with  the  common  digital  branches  of  the  superficial  volar  arch. 

The  perf orating  branches  {rami  perforanies),  three  in  number,  pass  backward 
from  the  deep  volar  arch,  through  the  second,  third,  and  fourth  interosseous  spaces 
and  between  the  heads  of  the  corresponding  Interossei  dorsalis,  to  anastomose 
with  the  dorsal  metacarpal  arteries. 

The  recurrent  branches  arise  from  the  concavity  of  the  deep  volar  arch.  They 
ascend  in  front  of  the  wrist,  supply  the  intercarpal  articulations,  and  end  in  the 
volar  carpal  network. 

The  Ulnar  Artery  (A.  Ulnaris)  (Fig.  604). 

The  ulnar  artery,  the  larger  of  the  two  terminal  branches  of  the  brachial,  begins 
a  little  below  the  bend  of  the  elbow,  and,  passing  obliquely  downward,  reaches 
the  ulnar  side  of  the  forearm  at  a  point  about  midway  between  the  elbow  and  the 
wrist.  It  then  runs  along  the  ulnar  border  to  the  wrist,  crosses  the  transverse 
carpal  ligament  on  the  radial  side  of  the  pisiform  bone,  and  immediately  beyond 
this  bone  divides  into  two  branches,  which  enter  into  the  formation  of  the  superficial 
and  deep  volar  arches. 

Selatioiui. — (a)  In  the  forearm. — In  its  upper  half,  it  is  deeply  seated,  being  covered  by  the 
Pronator  teres,  Flexor  carpi  radialis,  Palmaris  longus,  and  Flexor  digitorum  sublimis;  it  lies 
upon  the  Brachialis  and  Flexor  digitorum  profundus.  The  median  nerve  is  in  relation  with  the 
medial  side  of  the  artery  for  about  2.5  cm.  and  then  crosses  the  vessel,  being  separated  from  it 
by  the  ulnar  head  of  the  Pronator  teres.  In  the  hwer  half  of  the  forearm  it  hes  upon  the  Flexor 
digitorum  profundus,  being  covered  by  the  integument  and  the  superficial  and  deep  fasciae, 
and  placed  between  the  Flexor  carpi  ulnaris  and  Flexor  digitorum  sublimis.  It  is  accompanied 
by  two  venae  comitantes,  and  is  overlapped  in  its  middle  third  by  the  Flexor  carpi  ulnaris;  the 
ulnar  nerve  lies  on  the  medial  side  of  the  lower  two-thirds  of  the  artery,  and  the  palmar  cutaneous 
branch  of  the  nerve  descends  on  the  lower  part  of  the  vessel  to  the  palm  of  the  hand. 

(6)  At  the  wrist  (Fig.  603)  the  ulnar  artery  is  covered  by  the  integument  and  the  volar  carpal 
ligament,  and  lies  upon  the  transverse  carpal  ligament.  On  its  medial  side  is  the  pisiform  bone, 
and,  somewhat  behind  the  artery,  the  ulnar  nerve. 

Peculiarities. — The  ulnar  artery  varies  in  its  origin  in  the  proportion  of  about  one  in  thirteen 
cases;  it  may  arise  about  5  to  7  cm.  below  the  elbow,  but  more  frequently  higher,  the  brachial 


In  the  Forearm  ^ 
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being  more  often  the  source  of  origin  than  the  axillary.  Variations  in  the  position  of  this  vessel 
are  more  conmion  than  in  the  radial.  When  its  origin  is  normal,  the  course  of  the  vessel  is  rarely 
changed.  When  it  arises  high  up,  it  is  almost  invariably  superficial  to  the  Flexor  muscles  in  the 
forearm,  lying  commonly  beneath  the  fascia,  more  rarely  between  the  fascia  and  integument. 
In  a  few  cases,  its  position  was  subcutaneous  in  the  upper  part  of  the  forearm,  and  subaponeurotic 
in  the  lower  part. 

Applied  Anatomy. — The  application  of  a  ligature  to  this  vessel  is  required  in  cases  of  wound 
of  the  artery,  or  of  its  branches,  or  in  consequence  of  aneurism.  In  the  upper  half  of  the  forearm 
the  artery  is  deeply  seated  beneath  the  superficial  Flexor  muscles,  and  the  application  of  a  liga- 
ture in  this  situation  is  attended  with  some  difficulty.  An  incision  is  to  be  made  in  the  course 
of  a  line  drawn  from  the  front  of  the  medial  epicondyle  of  the  humerus  to  the  lateral  side  of  the 
pisiform  bone,  so  that  the  centre  of  the  incision  is  three  fingers'  breadth  below  the  medial  epi- 
condyle. The  skin  and  superficial  fascia  having  been  divided,  and  the  deep  fascia  exposed,  the 
white  line  which  separates  the  Flexor  carpi  ulnaris  from  the  other  Flexor  muscles  is  to  be  sought 
for,  and  the  fascia  incised  in  this  line.  The  Flexor  carpi  ulnaris  is  now  to  be  carefully  separated 
from  the  other  muscles,  when  the  ulnar  nerve  will  be  exposed  lying  on  the  Flexor  digitorum 
profundus,  and  must  be  drawn  aside.  The  artery  will  be  found  accompanied  by  its  venae  comi- 
tantes,  and  may  be  ligatured  as  it  lies  to  the  lateral  side  of  the  nerve.  In  the  middle  and  lower 
thirds  of  the  forearm,  this  vessel  may  be  easily  secured  by  making  an  incision  on  the  radial  side 
of  the  tendon  of  the  Flexor  carpi  ulnaris;  when  the  deep  fascia  is  divided,  and  the  tendon  sepa- 
rated from  the  Flexor  sublimis,  the  vessel  will  be  exposed,  accompanied  by  its  venae  comitantes, 
the  ulnar  nerve  lying  on  its  medial  side. 

Branches. — ^The  branches  of  the  ulnar  artery  may  be  arranged  in  the  following 
groups: 

Anterior  Recurrent.  At  the  Wrist    /  ^^^^^  Carpal. 
Posterior  Recurrent.  \  Dorsal  Carpal. 

Common  Interosseous,  j    .1     j/^^    /  Deep  Volar. 
Muscular.  \  Superficial  Volar  Arch. 

The  anterior  ulnar  recurrent  artery  (a.  recurrentes  ulnaris  anterior)  arises  imme- 
diately below  the  elbow-joint,  runs  upward  between  the  Brachialis  and  Pronator 
teres,  supplies  twigs  to  those  muscles,  and,  in  front  of  the  medial  epicondyle,  anasto- 
moses with  the  superior  and  inferior  ulnar  collateral  arteries. 

The  posterior  ulnar  recurrent  artery  (a.  recurrentes  ulnaris  posterior)  is  much 
larger,  and  arises  somewhat  lower  than  the  preceding.  It  passes  backward  and 
medialw^ard  on  the  Flexor  digitorum  profundus,  behind  the  Flexor  digitorum  sub- 
limis, and  ascends  behind  the  medial  epicondyle  of  the  humerus.  In  the  interval 
between  this  process  and  the  olecranon,  it  lies  beneath  the  Flexor  carpi  ulnaris, 
and  ascending  between  the  heads  of  that  muscle,  in  relation  with  the  ulnar  nerve, 
it  supplies  the  neighboring  muscles  and  the  elbow-joint,  and  anastomoses  with 
the  superior  and  inferior  ulnar  collateral  and  the  interosseous  recurrent  arteries 
(Fig.  605). 

The  common  interosseous  artery  (a.  interossea  communis)  (Fig.  604),  about  1  cm. 
in  length,  arises  immediately  below  the  tuberosity  of  the  radius,  and,  passing 
backward  to  the  upper  border  of  the  interosseous  membrane,  divides  into  two 
branches,  the  volar  and  dorsal  interosseous  arteries. 

The  Volar  Interosseous  Artery  (a.  interossea  volaris;  anterior  interosseous  artery) 
(Fig.  604),  passes  down  the  forearm  on  the  volar  surface  of  the  interosseous  mem- 
brane. It  is  accompanied  by  the  volar  interosseous  branch  of  the  median  nerve, 
and  overlapped  by  the  contiguous  margins  of  the  Flexor  digitorum  profundus  and 
Flexor  pollicis  longus,  giving  off  in  this  situation  muscular  branches,  and  the  nutrient 
arteries  of  the  radius  and  ulna.  At  the  upper  border  of  the  Pronator  quadratus  it 
pierces  the  interosseous  membrane  and  reaches  the  back  of  the  forearm,  where  it 
anastomoses  with  the  dorsal  interosseous  artery  (Fig.  605).  It  then  descends,  in 
company  with  the  terminal  portion  of  the  dorsal  interosseous  nerve,  to  the  back 
of  the  wrist  to  join  the  dorsal  carpal  net-work.  The  volar  interosseous  artery  gives 
off  a  slender  branch,  the  arteria  mediana,  which  accompanies  the  median  nerve,  and 
gives  offsets  to  its  substance;  this  artery  is  sometimes  much  enlarged,  and  runs 
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with  the  nerve  into  the  palm  of  the  hand.  Before  it  pierces  the  interosseous 
tnembrane  the  volar  interosseous  sends  a  branch  downward  behind  the  Pronator 
quadratus  to  join  the  volar  carpal  networli. 


PotUrioT  ulnar  reeurre 


The  Dorsal  Interosseous^ Artery  (a.  interossea  dorsalis;  posterior  interosseous  artery) 
(fig.  605)  passes  backward  between  the  oblique  cord  and  the  upper  border  of  the 
interosseous  membrane.  It  appears  between  the  contiguous  borders  of  the  Supinator 
and  tlie  Abductor  pollicis  longus,  and  runs  down  the  back  of  the  forearm  between 
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the  superficial  and  deep  layers  of  muscles,  to  both  of  which  it  distributes  branches. 
Where  it  lies  upon  the  Abductor  pollicis  longus  and  the  Extensor  poUicis  brevis, 
it  is  accompanied  by  Jthe  dorsal  interosseous  nerve.  At  the  lower  part  of  the  fore- 
arm it  anastomoses  with  the  termination  of  the  volar  interosseous  artery,  and  with 
the  dorsal  carpal  network.  It  gives  off,  near  its  origin,  the  interosseous  recurrent 
artery,  which  ascends  to  the  interv'^al  between  the  lateral  epicondyle  and  olecranon, 
on  or  through  the  fibres  of  the  Supinator,  but  beneath  the  Anconaeus,  and  anasto- 
moses with  the  radial  collateral  branch  of  the  profunda  brachii,  the  posterior 
ulnar  recurrent  and  the  inferior  ulnar  collateral. 

The  muscular  branches  (rami  musculares)  are  distributed  to  the  muscles  along 
the  ulnar  side  of  the  forearm. 

The  volar  carpal  branch  (ramus  carpevs  volares;  anterior  ulnar  carpal  artery)  is  a 
small  vessel  which  crosses  the  front  of  the  carpus  beneath  the  tendons  of  the  Flexor 
digitorum  profundus,  and  anastomoses  with  the  corresponding  branch  of  the  radial 
artery. 

The  dorsal  carpal  branch  (ramus  carpeus  dorsalis;  posterior  ulnar  carpal  artery) 
arises  immediately  above  the  pisiform  bone,  and  winds  backward  beneath  the 
tendon  of  the  Flexor  carpi  ulnaris;  it  passes  across  the  dorsal  surface  of  the  carpus 
beneath  the  Extensor  tendons,  to  anastomose  with  a  corresponding  branch  of  the 
radial  artery.  Immediately  after  its  origin,  it  gives  off  a  small  branch,  which  runs 
along  the  ulnar  side  of  the  fifth  metacarpal  bone,  and  supplies  the  ulnar  side  of  the 
dorsal  surface  of  the  little  finger. 

The  deep  volar  branch  (ramus  volaris  profundus;  profunda  branch)  (Fig.  604) 
passes  between  the  Abductor  digiti  quinti  and  Flexor  digiti  quinti  brevis  and 
through  the  origin  of  the  Opponens  digiti  quinti;  it  anastomoses  with  the  radial 
artery,  and  completes  the  deep  volar  arch. 

The  superficial  volar  arch  (arcus  volaris  superficialis;  superficial  palmar  arch) 
(Fig.  603)  is  formed  by  the  ulnar  artery,  and  is  usually  completed  by  a  branch 
from  the  a.  volaris  indicis  radialis,  but  sometimes  by  the  superficial  volar  or  by 
a  branch  from  the  a.  princeps  pollicis  of  the  radial  artery.  The  arch  passes  across 
the  palm,  describing  a  curve,  with  its  convexity  downward. 

Relations. — The  superficial  volar  arch  is  covered  by  the  skin,  the  Palmaris  brevis,  and  the 
palmar  aponeurosis.  It  lies  upon  the  transverse  carpal  ligament,  the  Flexor  digiti  quinti  brevis 
and  Opponens  digiti  quinti,  the  tendons  of  the  Flexor  digitorum  sublimis,  the  Lumbricales,  and 
the  divisions  of  the  median  and  ulnar  nerves. 

Three  Conunon  Volar  Digital  Arteries  (aa,  digitales  volares  communes;  palmar  digital 
arteries)  (Fig.  603)  arise  from  the  convexity  of  the  arch  and  proceed  downward 
on  the  second,  third,  and  fourth  Lumbricales.  Each  receives  the  corresponding 
volar  metacarpal  arter^^  and  then  divides  into  a  pair  of  proper  volar  digital  arteries 
(aa.  digitales  volares  propriae;  collateral  digital  arteries)  which  run  along  the  con- 
tiguous sides  of  the  index,  middle,  ring,  and  little  fingers,  behind  the  corresponding 
digital  nerves;  they  anastomose  freely  in  the  subcutaneous  tissue  of  the  finger  tips 
and  by  smaller  branches  near  the  interphalangeal  joints.  Each  gives  off  a  couple 
of  dorsal  branches  which  anastomose  with  the  dorsal  digital  arteries,  and  supply 
the  soft  parts  on  the  back  of  the  second  and  third  phalanges,  including  the  matrix 
of  the  finger-nail.  The  proper  volar  digital  artery  for  medial  side  of  the  little 
finger  springs  from  the  ulnar  artery  under  cover  of  the  Palmaris  brevis. 

Applied  Anatomy. — Wounds  of  the  volar  arches  are  of  special  interest,  and  are  always  difficult 
to  deal  with.  When  the  superficial  arch  is  involved  it  is  generally  possible  (enlarging  the  wound 
when  necessary)  to  secure  the  vessel  and  tie  it  on  both  sides  of  the  bleeding  point;  or  in  cases 
where  it  is  found  impossible  to  encircle  the  vessel  with  a  ligature,  a  pair  of  hemostatic  forceps 
may  be  applied  and  left  on  for  twenty-four  or  forty-eight  hours.  Failing  this,  the  wound  may 
be  plugged  with  gauze  and  an  outside  dressing  carefully  bandaged  on.  The  plug  should  be  allowed 
to  remain  untouched  for  three  or  four  days.  It  is  useless  in  these  cases  to  ligature  one  of  the 
arteries  of  the  forearm  alone,  and  indeed  simultaneous  ligature  of  both  radial  and  ulnar  arteries 
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above  the  wrist  is  often  unsuccessful,  on  account  of  the  anastomosis  carried  on  by  the  carpal 
arches.  Therefore,  upon  the  failure  of  pressure  to  arrest  hemorrhage,  it  is  expedient  to  apply 
a  ligature  to  the  brachial  artery.  When  an  incision  for  deep-seated  suppuration  in  the  tendon 
sheath  is  required,  the  situation  of  the  superficial  arch  must  always  be  borne  in  mind,  and  the 
incisions  placed  either  above  or  below  it.  The  position  of  the  conmion  digital  branches  of  the 
artery  must  also  be  remembered,  and  incisions  must  be  made  opposite  the  heads  of  the  meta^ 
carpal  bones  and  not  between  them. 


THE  ABTERIES  OF  THE  TRXTNK. 

THE  DESCENDING   AORTA. 

The  descending  aorta  is  divided  into  two  portions,  the  thoracic  and  abdominal, 
in  correspondence  with  the  two  great  cavities  of  the  trunk  in  which  it  is  situated. 

The  Thoracic  Aorta  (Aorta  Thoracalis)  (Fig.  606). 

The  thoracic  aorta  is  contained  in  the  posterior  mediastinal  cavity.  It  begins 
at  the  lower  border  of  the  fourth  thoracic  vertebra  where  it  is  continuous  with 
the  aortic  arch,  and  ends  in  front  of  the  lower  border  of  the  twelfth  at  the  aortic 
hiatus  in  the  Diaphragma.  At  its  commencement,  it  is  situated  on  the  left  of  the 
vertebral  column;  it  approaches  the  median  line  as  it  descends;  and,  at  its  termina- 
tion, lies  directly  in  front  of  the  column.  The  vessel  describes  a  curve  which  is 
concave  forward,  and  as  the  branches  given  off  from  it  are  small,  its  diminution 
in  size  is  inconsiderable. 

Relations. — It  is  in  relation,  anteriorly,  from  above  downward,  with  the  root  of  the  left  lung, 
the  pericardium,  the  oesophagus,  and  the  Diaphragma;  posteriorly,  with  the  vertebral  colimin 
and  the  hemiazygos  veins;  on  the  right  aide,  with  the  azygos  vein  and  thoracic  duct;  on  the  lejt 
side,  with  the  left  pleura  and  lung.  The  oesophagus,  with  its  accompanying  plexus  of  nerves, 
lies  on  the  right  side  of  the  aorta  above;  but  at  the  lower  part  of  the  thorax  it  is  placed  in  front 
of  the  aorta,  and,  close  to  the  Diaphragma,  is  situated  on  its  left  side. 

Pecnliarities. — The  aorta  is  occasionally  found  to  be  obliterated  at  the  jimction  of  the  arch 
with  the  thoracic  aorta,  just  below  the  ductus  arteriosus.  Whether  this  is  the  result  of  disease, 
or  of  congenital  malformation,  is  inmiaterial  to  our  present  purpose;  it  affords  an  interesting 
opportunity  of  observing  the  resources  of  the  collateral  circulation.  The  course  of  the  anastomos- 
ing vessels,  by  which  the  blood  is  brought  from  the  upper  to  the  lower  part  of  the  artery,  will  be 
found  well  described  in  an  account  of  two  cases  in  the  Pathological  Transactions,  vols,  viii  and  x. 
In  the  former,  Sydney  Jones  thus  sums  up  the  detailed  description  of  the  anastomosing  vessels: 
The  principal  communications  by  which  the  circulation  was  carried  on  were:  (1)  The  internal 
mammary,  anastomosing  with  the  intercostal  arteries,  with  the  inferior  phrenic  of  the  abdominal 
aorta  by  means  of  the  musculophrenic  and  pericardiacophrenic,  and  largely  with  the  inferior 
epigastric.  (2)  The  costocervical  trunk,  anastomosing  anteriorly  by  means  of  a  large  branch 
with  the  first  aortic  intercostal,  and  posteriorly  with  the  posterior  branch  of  the  same  artery. 
(3)  The  inferior  thyroid,  by  means  of  a  branch  about  the  size  of  an  ordinary  radial,  forming  a 
communication  with  the  first  aortic  intercostal.  (4)  The  transverse  cervical,  by  means  of  very 
large  communications  with  the  posterior  branches  of  the  intercostals.  (5)  The  branches  (of 
the  subclavian  and  axillary)  going  to  the  side  of  the  chest  were  large,  and  anastomosed  freely 
with  the  lateral  branches  of  the  intercostals.  In  the  second  case  Wood  describes  the  anastomoses 
in  a  somewhat  similar  manner,  adding  the  remark  that  'Hhe  blood  which  was  brought  into  the 
aorta  through  the  anastomosis  of  the  intercostal  arteries  appeared  to  be  expended  principally 
in  supplying  the  abdomen  and  pelvis;  while  the  supply  to  the  lower  extremities  had  passed  through 
the  internal  mammary  and  epigastrics." 

In  a  few  cases  an  apparently  double  descending  thoracic  aorta  has  been  found,  the  two  vessels 
lying  side  by  side,  and  eventually  fusing  to  form  a  single  tube  in  the  lower  part  of  the  thorax  or 
in  the  abdomen.  One  of  them  is  the  aorta,  the  other  represents  a  dissecting  aortic  aneurism 
which  has  become  canalized;  opening  above  and  below  into  the  true  aorta,  and  at  first  sight 
presenting  the  appearances  of  a  proper  bloodvessel. 

Applied  Anatomy. — The  effects  likely  to  be  produced  by  aneurism  of  the  thoracic  aorta,  a 
disease  of  common  occurrence,  must  now  be  considered.  When  the  great  depth  of  the  vessel 
from  the  surface  and  the  number  of  important  structures  which  surround  it  are  remembered, 
it  may  easily  be  conceived  what  a  variety  of  obscure  symptoms  are  likely  to  arise  from  disease 


684  AXGIOLOGY 

of  tbis  part  of  the  arterial  system,  and  how  they  may  be  mistaken  for  those  of  other  affections. 
Aneurism  of  the  thoracic  aorta  most  usually  extends  backward,  along  the  left  sida  of  the  vertebral 
column,  producing  absorption  of  the  bodies  of  the  vertebnc,  with  curvature  of  the  column;  while 
the  irritation  or  pressure  on  the  medulla  spinalis  will  give  rise  to  pain,  either  in  the  chest,  back, 
or  loins,  with  radiating  pain  in  the  left  upper  intercostal  spaces,  from  pressure  on  the  intercostal 
nerves;  at  the  same  time  the  tumor  may  project  backward  on  either  side  of  tbe  vertebral  column, 
beneath  the  integument,  as  a  pulsating  swelling,  simulating  abscess  connected  with  diseased 


Fia.  6D6.— The  thoracic  aorta,  vicKcd  from  the  left  tide. 

bone;  or  it  may  dis)}lace  the  cesophague  and  compress  the  lungs  on  one  or  the  other  side.  If 
the  tumor  extend  fom'ard,  it  may  press  upon  and  displace  the  heart,  giving  rise  to  palpitatioD 
and  other  symptoms  of  disease  of  that  organ;  it  may  displace  or  compress  the  (esophagus,  caus- 
ing pain  and  difficulty  of  swallowing;  and  ultimately  even  open  into  it  by  ulceration,  producing 
fatal  hemorrhage.  If  the  disease  extend  to  the  right  side,  it  may  press  upon  the  thoracic  duct ; 
or  it  may  burst  into  the  pleural  cavity,  or  into  the  trachea  or  lung;  and  lastly,  it  may  open  into 
the  posterior  mediastinal  cavity.  Pressure  on  one  of  the  bronchi,  usually  the  left,  will  cause 
cough,  and  in  time  set  up  bronchiectasis;  pressure  on  the  left  pulmonary  plexus  has  been  said 
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to  give  rise  to  asthmatic  attacks.  Of  late  years,  the  diagnosis  of  thoracic  aneurism  has  been 
much  facilitated  by  the  employment  of  the  x-rays,  by  meails  of  which  the  outline  of  the  sac  may 
be  demonstrated. 

Branches  of  the  Thoracic  Aorta. — 


Visceral 


Pericardial.  ( Intercostal. 

Bronchial.  Parietal,  -l  Subcostal. 
Qilsophageal.  (  Superior  Phrenic. 

Mediastinal. 


The  pericardial  branches  (rami  pericardiaci)  consist  of  a  few  small  vessels  which 
are  distributed  to  the  posterior  surface  of  the  pericardium. 

The  bronchial  arteries  (aa.  hronchiales)  vary  in  number,  size,  and  origin.  There 
is  as  a  rule  only  one  right  bronchial  artery,  which  arises  from  the  first  aortic  inter- 
costal, or  from  the  upper  left  bronchial  artery.  The  left  bronchial  arteries  are  usually 
two  in  number,  and  arise  from  the  thoracic  aorta.  The  upper  left  bronchial  arises 
opposite  the  fifth  thoracic  vertebra,  the  lower  just  below  the  level  of  the  left  bron- 
chus. Each  vessel  runs  on  the  back  part  of  its  bronchus,  dividing  and  subdividing 
along  the  bronchial  tubes,  supplying  them,  the  areolar  tissue  of  the  lungs,  the 
bronchial  lymph  glands,  and  the  oesophagus. 

The  oesophageal  arteries  {au.  oesophageae)  four  or  five  in  number,  arise  from 
the  front  of  the  aorta,  and  pass  obliquely  downward  to  the  oesophagus,  forming 
a  chain  of  anastomoses  along  that  tube,  anastomosing  with  the  oesophageal  branches 
of  the  inferior  thyroid  arteries  above,  and  with  ascending  branches  from  the  left 
inferior  phrenic  and  left  gastric  arteries  below. 

The  mediastinal  branches  {rami  mediaMinales)  are  numerous  small  vessels 
which  supply  the  lymph  glands  and  loose  areolar  tissue  in  the  posterior  mediastinal 
cavity. 

Intercostal  Arteries  {aa,  iniercostales) , — There  are  usually  nine  pairs  of  aortic 
intercostal  arteries.  They  arise  from  the  back  of  the  aorta,  and  a  redistributed 
to  the  lower  nine  intercostal  spaces,  the  first  two  spaces  being  supplied  by  the  highest 
intercostal  artery,  a  branch  of  the  costocervical  trunk  of  the  subclavian.  The 
right  aortic  intercostals  are  longer  than  the  left,  on  account  of  the  position  of  the 
aorta  on  the  left  side  of  the  vertebral  column;  they  pass  across  the  bodies  of  the 
vertebrae  behind  the  oesophagus,  thoracic  duct,  and  vena  azygos,  and  are  covered 
by  the  right  lung  and  pleura.  The  left  aortic  intercostals  run  backward  on  the 
sides  of  the  vertebrse  and  are  covered  by  the  left  lung  and  pleura;  the  upper  two 
vessels  are  crossed  by  the  highest  left  intercostal  vein,  the  lower  vessels  by  the 
hemiazygos  veins.*  The  further  course  of  the  intercostal  arteries  is  practically 
the  same  on  both  sides.  Opposite  the  heads  of  the  ribs  the  sympathetic  trunk 
passes  downward  in  front  of  them,  and  the  splanchnic  nerves  also  descend  in  front 
by  the  lower  arteries.  Each  artery  then  divides  into  an  anterior  and  a  posterior 
ramus. 

The  Anterior  Ramus  crosses  the  corresponding  intercostal  space  obliquely  toward 
the  angle  of  the  upper  rib,  and  thence  is  continued  forw-ard  in  the  costal  groove.  It 
is  placed  at  first  between  the  pleura  and  the  posterior  intercostal  membrane,  then 
it  pierces  this  membrane,  and  lies  between  it  and  the  Intercostalis  externus  as  far  as 
the  angle  of  the  rib;  from  this  onward  it  runs  between  the  Intercostales  externus 
and  internus,  and  anastomoses  in  front  with  the  intercostal  branch  of  the  internal 
mammary  or  musculophrenic.  Each  artery  is  accompanied  by  a  vein  and  a  nerve, 
the  former  being  above  and  the  latter  below  the  artery,  except  in  the  upper  spaces, 
where  the  nerve  is  at  first  above  the  artery.  The  first  aortic  intercostal  artery 
anastomoses  with  the  intercostal  branch  of  the  costocervical  trunk,  and  may  form 
the  chief  supply  of  the  second  intercostal  space.     The  lower  two  intercostal  arteries 
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are  continued  anteriorly  from  the  intercostal  spaces  into  the  abdominal  wall,  and 
anastomose  with  the  subcostal,  superior  epigastric,  and  lumbar  arteries. 

Branches. — ^The  anterior  rami  give  off  the  following  branches: 

Collateral  Intercostal.  Lateral  Cutaneous. 

Muscular.  Mammary. 

The  collateral  intercostal  branch  comes  off  from  the  intercostal  artery  near  the 
angle  of  the  rib,  and  descends  to  the  upper  border  of  the  rib  below,  along  which  it 
courses  to  anastomose  with  the  intercostal  branch  of  the  internal  mammary. 

Muscular  branches  are  given  to  the  Intercostales  and  Pectorales  and  to  the 
Serratus  anterior;  they  anastomose  with  the  highest  and  lateral  thoracic  branches 
of  the  axillary  artery. 

The  lateral  cutaneous  branches  accompany  the  lateral  cutaneous  branches  of  the 
thoracic  nerves. 

Mammary  branches  are  given  off  by  the  vessels  in  the  third,  fourth,  and  fifth 
spaces.  They  supply  the  mamma,  and  increase  considerably  in  size  during  the 
period  of  lactation. 

The  Posterior  Ramus  runs  backward  through  a  space  which  is  bounded  above 
and  below  by  the  necks  of  the  ribs,  medially  by  the  body  of  a  vertebra,  and  laterally 
by  an  anterior  costotransverse  ligament.  It  gives  off  a  spinal  branch  which  enters 
the  vertebral  canal  through  the  intervertebral  foramen  and  is  distributed  to  the 
medulla  spinalis  and  its  membranes  and  the  vertebrse.  It  then  courses  over 
the  transverse  process  with  the  posterior  division  of  the  thoracic  nerv'^e,  supplies 
branches  to  the  muscles  of  the  back  and  cutaneous  branches  which  accompany 
the  corresponding  cutaneous  branches  of  the  posterior  division  of  the  nerve. 

Applied  Anatomy. — The  position  of  the  anterior  rami  of  the  intercostal  vessels  should  be 
borne  in  mind  in  performing  the  operation  of  paracentesis  thoracis.  The  puncture  should  never 
be  made  nearer  the  middle  line  posteriorly  than  the  angle  of  the  rib,  as  the  artery  crosses  the 
space  medial  to  this  point.  In  the  lateral  portion  of  the  chest,  where  the  pimcture  is  usually 
made,  the  artery  lies  at  the  upper  part  of  the  intercostal  space,  and  therefore  the  puncture  should 
be  made  just  above  the  upper  border  of  the  rib  forming  the  lower  boundary  of  the  space. 

The  subcostal  arteries,  so  named  because  they  lip'below  the  last  ribs,  constitute 
the  lowest  pair  of  branches  derived  from  the  thoracic  aorta,  and  are  in  series  with 
the  intercostal  arteries.  Each  passes  along  the  lower  border  of  the  twelfth  rib 
behind  the  kidney  and  in  front  of  the  Quadratus  lumborum  muscle,  and  is  accom- 
panied by  the  twelfth  thoracic  nerve.  It  then  pierces  the  posterior  aponeurosis 
of  the  Transversus  abdominis,  and,  passing  forward  between  this  muscle  and  the 
Obliquus  internus,  anastomoses  with  the  superior  epigastric,  lower  intercostal,  and 
lumbar  arteries.  Each  subcostal  artery  gives  off  a  posterior  branch  which  has  a 
similar  distribution  to  the  posterior  ramus  of  an  intercostal  artery. 

The  superior  phrenic  branches  are  small  and  arise  from  the  lower  part  of  the 
thoracic  aorta;  they  are  distributed  to  the  posterior  part  of  the  upper  surface  of 
the  Diaphragma,  and  anastomose  with  the  musculophrenic  and  pericardiacophrenic 
arteries. 

A  small  aberrant  artery  is  sometimes  found  arising  from  the  right  side  of  the  thor- 
acic aorta  near  the  origin  of  the  right  bronchial.  It  passes  upward  and  to  the  right 
behind  the  trachea  and  the  oesophagus,  and  may  anastomose  with  the  highest 
right  intercostal  artery.  It  represents  the  remains  of  the  right  dorsal  aorta,  and  in  a 
small  proportion  of  cases  is  enlarged  to  form  the  first  part  of  the  right  subclavian 
artery. 

The  Abdominal  Aorta  (Aorta  Abdominalis)  (Fig.  607). 

The  abdominal  aorta  begins  at  the  aortic  hiatus  of  the  Diaphragma,  in  front 
of  the  lower  border  of  the  body  of  the  last  thoracic  vertebra,  and,  descending  in 
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front  of  the  vertebral  column,  ends  on  the  body  of  the  fourth  lumbar  vertebra, 
commonly  a  little  to  the  left  of  the  middle  line,'  by  dividing  into  the  two  common 
iliac  arteries.  It  diminishes  rapidly  in  size,  in  consequence  of  the  many  large 
branches  which  it  gives  off.  As  it  lies  upon  the  bodies  of  the  vertebne,  the  curve 
which  it  describes  is  convex  forward,  the  summit  of  the  convexity  corresponding 
to  the  third  lumbar  vertebra. 

_iaPHRAOm  *  InffTtor  phnnie  urteriet 


Belationi.— The  abdominal  aorta  is  covered,  anteriorly,  by  the  lesser  omentuin  and  stomach, 
behind  which  are  the  branches  of  the  cccliac  artery  and  the  cceliac  plexus;  below  these,  by  tbe 
lienal  vein,  the  pancreas,  the  left  renal  vein,  the  inferior  part  of  the  duodenum,  the  metjentery, 
and  aortic  plexus.  Poalerioriy,  it  is  separated  from  the  lumbar  vcrlebriE  and  intervertebral 
Ebrocartilages  by  the  anterior  longitudinal  ligament  and  left  lumbar  veins.  On  the  right  side 
it  is  in  relation  above  with  the  azygos  vein,  cistema  chyli,  thoracic  duct,  and  the  right  eras  of 
the  Diaphragma — the  laet  separating  it  from  the  upper  pari  of  the  inferior  vena  cava,  and  from 
the  right  C<eliac  ganglion;  the  inferior  vena  cava  is  in  contact  with  the  aorta  below.  On  the 
kft  tide  are  the  left  crus  of  the  Diaphragma,  the  left  cceliac  ganglion,  the  ascending  part  of  the 
duodenum,  and  some  coib  of  the  small  intestine. 

Angled  Automy.— The  abdominal  aorta  may  be  the  seat  of  an  aneurism  either  at  its  upper 
part,  close  to  and  often  mvolving  the  cteliac  artery,  or  at  its  lower  part,  near  the  bifurcation. 

nsel.  found  lt'"EiIher  ahsolutflr.  or  Blmint  BbaoJutrLv.  tamiai  in  15.  ubjlc  in  13  it  deviBtnl  nioie  or  Leaa  to  Ihc  Left. 
ui<liB2wHili(htly  tatbenght,"    System  of  Surgery,  ediwa  by  T.  Holmes,  2d  ed..  v,  Uoi. 
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Occasionally  aneurisms  are  met  with  on  some  of  the  branches  of  the  aorta,  the  mesenteric  or 
lienali  quite  independent  of  the  main  trunk. 

When  an  aneurismal  sac  is  connected  with  the  posterior  part  of  the  abdominal  aorta,  it  usually 
produces  absorption  of  the  bodies  of  the  vertebrae.  Pain  is  invariably  present,  and  is  usually  of 
two  kinds — a  fixed  and  constant  pain  in  the  back,  caused  by  the  tumor  pressing  on  or  displacing 
the  branches  of  the  coeliac  plexus  and  splanchnic  nerves;  and  a  sharp  lancinating  pain,  radiating 
along  those  branches  of  the  limibar  nerves  which  are  pressed  on  by  the  tumor;  hence  the  pain 
in  the  loins,  the  testes,  the  hypogastrium,  and  in  the  lower  limb  (generally  of  the  left  side).  This 
form  of  aneurism  usually  bursts  into  or  behind  the  peritoneal  cavity. 

When  an  aneurismal  sac  is  connected  with  the  front  of  the  aorta  near  the  coeliac  artery,  it 
forms  a  pulsating  tumor  in  the  left  hypochondriac  or  epigastric  regions,  usually  attended  with 
symptoms  of  disturbance  of  the  digestive  tube,  as  sickness,  dyspepsia,  or  constipation,  and 
accompanied  by  pain,  which  is  constant,  but  nearly  always  fixed,  in  the  loins,  epigastrium,  or 
some  part  of  the  abdomen;  the  radiating  pain  being  rare,  as  the  lumbar  nerves  are  seldom  impli- 
cated. This  form  of  aneurism  may  burst  into  the  peritoneal  cavity,  behind  the  peritoneum, 
between  the  layers  of  the  mesentery,  or,  more  rarely,  into  the  duodenum;  it  rarely  extends  back- 
ward so  as  to  affect  the  vertebral  column. 

Occlusion  of  the  abdominal  aorta  by  thrombosis  or  embolism  is  rare,  but  produces  very  severe 
symptoms  when  it  does  occur.  The  patient  complains  of  intense  pain  in  the  legs;  pallor  of  the 
legs,  followed  by  coldness,  lividity,  paresis,  paralysis,  and  finally  gangrene,  are  likely  to  succeed, 
death  usually  supervening  within  a  fortnight. 

The  abdominal  aorta  has  been  tied  in  several  cases,  and  although  none  of  the  patients  perma- 
nently recovered,  still,  as  one  case  lived  forty-eight  days,  the  possibility  of  the  reestablishment 
of  the  circulation  may  be  considered  to  be  proved. 

CoUatenJ  Circiilation. — The  collateral  circulation  would  be  carried  on  by  the  anastomoses 
between  the  internal  mammary  and  the  inferior  epigastric;  by  the  free  communication  between 
the  superior  and  inferior  mesenteries,  if  the  ligature  were  placed  between  these  vessels;  or  by  the 
anastomosis  between  the  inferior  mesenteric  and  the  internal  pudendal,  when  (as  is  more  common) 
the  point  of  ligature  is  below  the  origin  of  the  inferior  mesenteric;  and  possibly  by  the  anastomoses 
of  the  lumbar  arteries  with  the  branches  of  the  hypogastric. 

Branches. — The  branches  of  the  abdominal  aorta  may  be  divided  into  three 
sets:  visceral,  parietal,  and  terminal. 

Visceral  Branches.  Parietal  Branches. 

Cceliac.  Inferior  Phrenics. 

Superior  Mesenteric.  Lumbars. 

Inferior  Mesenteric.  Middle  Sacral. 

Middle  Suprarenals. 

Renals. 

Internal  Spermatics.  Terminal  Branches. 

Ovarian  (in  the  female).  Common  Iliacs. 

Of  the  visceral  branches,  the  cceliac  artery  and  the  superior  and  inferior  mes- 
enteric arteries  are  unpaired,  while  the  suprarenals,  renals,  internal  spermatics, 
and  ovarian  are  paired.  Of  the  parietal  branches  the  inferior  phrenics  and  lumbars 
are  paired;  the  middle  sacral  is  unpaired.    The  terminal  branches  are  paired. 

The  ccBliac  artery  (a.  coeliaea;  cceliac  cutis)  (Figs.  608,  609)  is  a  short  thick  trunk, 
about  1.25  cm.  in  length,  which  arises  from  the  front  of  the  aorta,  just  below 
the  aortic  hiatus  of  the  Diaphragma,  and,  passing  nearly  horizontally  forward, 
divides  into  three  large  branches,  the  left  gastric,  the  hepatic,  and  the  splenic;  it 
occasionally  gives  off  one  of  the  inferior  phrenic  arteries. 

Relations. — The  coeliac  artery  is  covered  by  the  lesser  omentum.  On  the  right  aide  it  is  in 
relation  with  the  right  cceliac  ganglion  and  the  caudate  process  of  the  liver;  on  the  Irft  side,  with 
the  left  cceliac  ganghon  and  the  cardiac  end  of  the  stomach.  Below,  it  is  in  relation  to  the  upper 
border  of  the  pancreas,  and  the  lienal  vein. 

1.  The  Left  Gastric  Artery  (a.  gastrica  sinistra;  gastrin:  or  coronary  artery),  the 
smallest  of  the  three  branches  of  the  coeliac  artery,  passes  upward  and  to  the  left, 
posterior  to  the  omental  bursa,  to  the  cardiac  orifice  of  the  stomach.  Here  it  dis- 
tributes branches  to  the  oesophagus,  which  anastomose  with  the  aortic  oesophageal 
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arteries;  others  supply  the  cardiac  part  of  the  stomach,  anastomosing  with  branches 
of  the  lienal  artery.  It  then  runs  from  left  to  right,  along  the  lesser  curvature  of  the 
stomach  to  the  pylorus,  between  the  layers  of  the  lesser  omentum ;  it  gives  branches 
to  both  surfaces  of  the  stomach  and  anastomoses  with  the  right  gastric  arterj. 

2.  The  Hepatic  Artery  (a.  kepaticd)  in  the  adult  is  intermediate  in  size  between 
the  left  gastric  and  lienal;  in  the  fetus,  it  is  the  largest  of  the  three  branches  of 
the  cceliac  artery.  It  is  first  directed  forward  and  to  the  right,  to  the  upper  margin 
of  the  superior  part  of  the  duodenum,  forming  the  lower  boundary  of  the  epiploic 
foramen  {foramen  of  WiTialow).  It  then  crosses  the  portal  vein  anteriorly  and 
ascends  between  the  layers  of  the  lesser  omentum,  and  in  front  of  the  epiploic  fora- 
men, to  the  porta  hepatis,  where  it  divides  into  two  branches,  right  and  left,  which 
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supply  the  corresponding  lobes  of  the  liver,  accompanying  the  ramifications  of  the 
portal  vein  and  hepatic  ducts.    The  hepatic  artery,  in  its  course  along  the  right 
border  of  the  lesser  omentum,  is  in  relation  with  the  common  bile-duct  and  portal 
vein,  the  duct  lying  to  the  right  of  the  arterj',  and  the  vein  behind. 
Its  branches  are: 

Right  Gastric. 

Gaatroduodenal  /  Rigtt  Gastroepiploic 

[  bupenor  rancreaticoduodenal. 
Cystic. 
The  "right  gastric  artery  (a.  gaatrica  dextra;  pyloric  artery)  arises  from  the  hepatic, 
above  the  pylorus,  descends  to  the  pyloric  end  of  the  stomach,  and  passes  from 
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right  to  left  along  its  lesser  curvature,  supplying  it  with  branches,  and  anastomosing 
with  the  left  gastric  artery. 

The  cwtroduodesal  artery  (a.  gastroduodenalk)  (Fig.  609)  is  a  short  but  large 
branch,  which  descends,  near  the  pylorus,  between  the  superior  part  of  the  duo- 
denum and  the  neck  of  the  pancreas,  and  divides  at  the  lower  border  of  the  duodenum 
into  two  branches,  the  right  gastroepiploic  and  the  snperior  pancnaticodoodenal. 
Previous  to  its  division  it  gives  off  two  or  three  small  branches  to  the  pyloric  end 
of  the  stomach  and  to  the  pancreas. 

Branehei  to  grraUr 


Fid.  6DS.— Tha  oreliac  artery  and  iU  bruifhM:  tbe  atomsch  hu  bean  niaed  mad  tbc  periloaeum  renumd. 

The  right  gastroepiploic  artery  (a.  gastroepiploiea  dextra)  runs  from  right  to  left 
along  the  greater  curvature  of  the  stomach,  between  the  layers  of  the  greater 
omentum,  anastomosing  with  the  left  gastroepiploic  branch  of  the  lienal  arterj". 
Except  at  the  pylorus,  where  it  is  in  contact  with  the  stomach,  it  lies  about  a  finger's 
breadth  from  the  greater  curvature.  This  vessel  gives  off  numerous  branches, 
some  of  which  ascend  to  supply  both  surfaces  of  the  stomach,  while  others  descend 
to  supply  the  greater  omentum  and  anastomose  with  branches  of  the  middle  colic. 

The  superior  pancre&ticodiiodenal  artery  (a.  pancreaiicoduodenalw  superior) 
descends  between  the  contiguous  margins  of  the  duodenum  and  pancreas.  It 
supplies  both  these  organs,  and  anastomoses  with  the  inferior  pancreaticoduodenal 
branch  of  the  superior  mesenteric  artery,  and  with  the  pancreatic  branches  of  the 
lienal  artery. 
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Tbecy^^rstic  artery  (a,  cystica)  (Fig.  608),  usually  a  branch  of  the  right  hepatic, 
passes  d'lj^wnward  and  forward  along  the  neck  of  the  gall-bladder,  and  divides  into 
tiR'o  bra^i^ches,  one  of  which  ramifies  on  the  free  surface,  the  other  on  the  attached 
surface  ^of  the  gall-bladder. 

3.  T^fie  lienal  or  Splenic  Artery  (a.  lienalis),  the  largest  branch  of  the  coeliac 
arter\'.«  is  remarkable  for  the  tortuosity  of  its  course.  It  passes  horizontally  to 
the  lent  side,  behind  the  stomach  and  the  omental  bursa  of  the  peritoneum,  and 
along!  the  upper  border  of  the  pancreas,  accompanied  by  the  lienal  vein,  which 
lies  Melow  it;  it  crosses  in  front  of  the  upper  part  of  the  left  kidney,  and,  on  arriving 
near  the  spleen,  divides  into  branches,  some  of  which  enter  the  hilus  of  that  organ 
between  the  two  layers  of  the  phrenicolienal  ligament  to  be  distributed  to  the  tissues 
of  the  spleen ;  some  are  given  to  the  pancreas,  while  others  pass  to  the  greater  curva- 
ture of  the  stomach  between  the  layers  of  the  gastrolienal  ligament.  Its  branches 
are: 

Pancreatic.  Short  Gastric. 

Left  Gastroepiploic. 

The  pancreatic  branches  (rami  pancreatici)  are  numerous  small  vessels  derived 
from  the  lienal  as  it  runs  behind  the  upper  border  of  the  pancreas,  supplying  its 
body  and  tail.  One  of  these,  larger  than  the  rest,  is  sometimes  given  off  near  the 
tail  of  the  pancreas;  it  runs  from  left  to  right  near  the  posterior  surface  of  the  gland, 
following  the  course  of  the  pancreatic  duct,  and  is  called  the  arteria  pancreatica 
magna.  These  vessels  anastomose  with  the  pancreatic  branches  of  the  pancreatico- 
duodenal and  superior  mesenteric  arteries. 

The  short  gastric  arteries  (aa,  gastrica£  breves;  vasa  brevia)  consist  of  from  five  to 
seven  small  branches,  which  arise  from  the  end  of  the  lienal  artery,  and  from  its 
terminal  divisions.  They  pass  from  left  to  right,  between  the  layers  of  the  gastro- 
lienal ligament,  and  are  distributed  to  the  greater  curvature  of  the  stomach,  anasto- 
mosing with  branches  of  the  left  gastric  and  left  gastroepiploic  arteries. 

The  left  gastroepiploic  artery  (a.  gastroepiploica  sinistra)  the  largest  branch  of  the 
lienal,  runs  from  left  to  right  about  a  finger's  breadth  or  more  from  the  greater 
curvature  of  the  stomach,  between  the  layers  of  the  greater  omentum,  and  anasto- 
moses with  the  right  gastroepiploic.  In  its  course  it  distributes  several  ascending 
branches  to  both  surfaces  of  the  stomach;  others  descend  to  supply  the  greater 
omentum  and  anastomose  with  branches  of  the  middle  colic. 

Applied  Anatomy. — ^Embolism  of  branches  of  the  lienal  artery  is  tolerably  common  in  heart 
disease,  the  embolus  coming  from  the  left  side  of  the  heart.  It  is  characterized  by  the  occurrence 
of  a  sudden  sharp  pain  or  "stitch''  in  the  splenic  region,  with  subsequent  local  enlargement  of 
the  spleen  from  the  formation  of  an  infarct  in  its  substance. 

The  superior  mesenteric  artery  (a.  mesenierica  superior)  (Fig.  610)  is  a. large 
vessel  which  supplies  the  whole  length  of  the  small  intestine,  except  the  superior 
part  of  the  duodenum;  it  also  supplies  the  cecum  and  the  ascending  part  of  the  colon 
and  about  one-half  of  the  transverse  part  of  the  colon.  It  arises  from  the  front 
of  the  aorta,  about  1.25  cm.  below  the  cceliac  artery,  and  is  crossed  at  its  origin  by 
the  lienal  vem  and  the  neck  of  the  pancreas.  It  passes  downward  and  forward, 
anterior  to  the  processus  uncinatus  of  the  head  of  the  pancreas  and  inferior  part 
of  the  duodenum,  and  descends  between  the  layers  of  the  mesentery  to  the  right 
iliac  fossa,  where,  considerably  diminished  in  size,  it  anastomoses  with  one  of 
its  own  branches,  viz.,  the  ileocolic.  In  its  course  it  crosses  in  front  of  the  inferior 
vena  cava,  the  right  ureter  and  Psoas  major,  and  forms  an  arch,  the  convexity  of 
whidb  is  directed  forward  and  downward  to  the  left  side,  the  concavity  backward 
and  upward  to  the  right.  It  is  accompanied  by  the  superior  mesenteric  vein, 
which  lies  to  its  right  side,  and  it  is  surrounded  by  the  superior  mesenteric  plexus 
of  nerves. 
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DiaBMtioii. — In  order  to  expose  the  superior  mesenteric  artery  raise  the  great  omtQ]^ail<UD  uid 
transverse  colon,  draw  down  the  small  intestines,  and  cut  through  the  peritoneum  when  ilw 
transverse  mesocolon  and  mesentery  join;  the  artery  wiU  then  be  eipoaed  just  as  it  ie  sue*  froic 
over  the  processus  uncinatua  of  the  head  of  the  pancreas.  ^' 

he 
dt 

Ml 


Branches.^ — Its  branches  are; 

Inferior  Pancreaticoduodenal.  Ileocolic. 

Intestinal.  Right  Colic. 

Middle  Colic. 

The  Inferior  FuiGreatiGodnodenal  Artery  {a.  pancreaticoduodeTtalis  inferior)  is  given 
off  from  the  superior  mesenteric  or  from  its  first  intestinal  branch,  opposite  the 
upper  border  of  the  inferior  part  of  the  duodenum.  It  courses  to  the  right 
between  the  head  of  the  pancreas  and  duodenum,  and  then  ascends  to  auastomose 
with  the  superior  pancreaticoduodenal  arterj.  It  distributes  branches  to  the  head 
of  the  pancreas  and  to  the  descending  and  inferior  parts  of  the  duodenum. 

The  Intestinal  Arteries  {aa.  iniesthmles;  tasa  ivtestini  tenuis)  arise  from  the  convex 
side  of  the  superior  mesenteric  artery.  They  are  usually  from  twelve  to  fifteen 
in  number,  and  are  distributed  to  the  jejunum  and  ileum.  They  run  nearly  parallel 
with  one  another  between  the  layers  of  the  mesentery,  each  vessel  dividing  into 
two  branches,  which  unite  with  adjacent  branches,  forming  a  series  of  arches,  the 
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convexities  of  which  are  directed  toward  the  intestine  (Fig.  611).  From  this  first 
set  of  arches  branches  arise,  which  unite  with  similar  branches  from  above  and  below 
and  thus  a  second  series  of  arches  is  formed;  from  the  lower  branches  of  the  artery, 
a  third,  a  fourth,  or  even  a  fifth  series  of  arches  may  be  formed,  diminbhing  in 
size  the  nearer  they  approach  the  intestine.  In  the  short,  upper  part  of  the  mesen- 
tery only  one  set  of  arches  exists,  but  as  the  depth  of  the  mesentery  increases, 
second,  third,  fourth,  or  even  fifth  groups  are  developed.  From  the  terminal 
arches  numerous  small  straight  vessels  arise  which  encircle  the  intestine,  upon 
which  they  are  distributed,  ramifying  between  its  coats.  From  the  intestinal 
arteries  small  branches  are  given  ofT  to  the  lymph  glands  and  other  structures 
between  the  la\'ers  of  the  mesentery. 


The  Ileocolic  Arterr  (a.  Heocolica)  is  the  lowest  branch  arising  from  the  concavity 
ot  the  superior  mesenteric  artery.  It  passes  downward  and  to  the  right  behind  the 
peritopeum  toward  the  right  iliac  fossa,  where  it  divides  into  a  superior  and  an 
inferior  branch;  the  inferior  anastomoses  with  the  end  of  the  superior  mesenteric 
arteO'  ^^  superior  with  the  right  colic  artery. 

liie  inferior  branch  of  the  ileocolic  runs  toward  the  upper  border  of  the  ileo- 
polic  junction  and  supplies  the  following  branches  (Fig.  612) : 

io)  Bolic,  which  pass  upward  on  the  ascending  colon;  [b)  anterior  and  posterior 
cecal,  vhich  are  distributed  to  the  front  and  back  of  the  cecum;  (c)  an  appendicular 
»rt«Ji  which  descends  behind  the  termination  of  the  ileum  and  enters  the  mesen- 
terioleof  the  vermiform  process;  it  runs  near  the  free  margin  of  this  mesenteriole 
and  ends  in  branches  which  supply  the  vermiform  process;  and  (d)  ileal,  which  run 
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upward  and  to  the  left  on  the  lower  part  of  the  ileum,  and  anastomose  with  the 
termination  of  the  superior  mesenteric. 

The  Rifht  Colic  Artery  {a.  colica  dextra)  arises  from  about  the  middle  of  the  con- 
cavitj'  of  the  superior  mesenteric  artery,  or  from  a  stem  common  to  it  and  the  ileo- 
colic. It  passes  to  the  right  Hehind  the  peritoneum,  and  in  front  of  the  right 
internal  spermatic  or  ovarian  vessels,  the  right  ureter  and  the  Psoas  major,  toward 
the  middle  of  the  ascending  colon;  sometimes  the  vessel  lies  at  a  higher  level, 
and  crosses  the  descending  part  of  the  duodenum  and  the  lower  end  of  the  right 
kidney.  At  the  colon  it  divides  into  a  descending  branch,  which  anastomoses  with 
the  ileocolic,  and  an  ascending  branch,  which  anastomoses  with  the  middle  colic. 
These  branches  form  arches,  from  the  convexity  of  which  vessels  are  distributed 
to  the  ascending  colon. 


The  Middle  Colic  Artery  (a.  colica  media)  arises  from  the  superior  mesenteric 
just  below  the  pancreas  and,  passing  downward  and  forward  between  the  layers  of 
the  trans\erse  mesocolon,  divides  into  two  branches,  right  and  left;  the  former 
anastomoses  with  the  right  colic;  the  latter  with  the  left  colic,  a  branch  of  the  in- 
ferior mesenteric.  The  arches  thus  formed  are  placed  about  two  fingers'  breadth 
from  the  transverse  colon,  to  which  they  distribute  branches. 

The  inferior  meBenteric  arteiy  {a.  mesenterica  infejior)  (Fig.  613)  supplies  the 
left  half  of  the  transverse  part  of  the  colon,  the  whole  of  the  descending  and  iliac 
parts  of  the  colon,  the  sigmoid  colon,  and  the  greater  part  of  the  rectum.  It  is 
smaller  than  the  superior  mesenteric,  and  arises  from  the  aorta,  about  3  or  4  cm. 
above  its  division  into  the  common  iliacs  and  close  to  the  lower  border  of  the 
inferior  part  of  the  duodenum.  It  passes  downward  posterior  to  the  peritoneum, 
lying  at  first  anterior  to  and  then  on  the  left  side  of  the  aorta.  It  crosses  the 
left  common  iliac  artery  and  is  continued  into  the  lesser  pelvis  under  the  name  of 
the  superior  tiemorrtioidal  artery,  which  descends  between  the  two  layers  of  the 
sigmoid  mesocolon  and  ends  on  the  upper  part  of  the  rectum. 
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'^'UMtios. — In  order  to  expose  the  inferior  mesenteric  artery  draw  the  small  intestines  and 
^Dtey  over  to  the  right  aide  of  the  abdomen,  raise  the  transverse  colon  toward  the  thorax, 
^  divide  the  peritoneuni  covering  the  front  of  the  aorta. 


Fio.  813.— The  inferior  Di««nlKrie  ifWry  uil  iu  brancbci. 

Bnnches. — Its  branches  are: 

Left  Colic.  Sigmoid.  Superior  Hemorrhoidal. 

The  Left  Colic  Arterr  (a,  colica  ainiHra)  runs  to  the  left  behind  the  peritoneum 
and  in  front  of  the  Psoas  major,  and  after  a  short,  but  variable,  course  divides 
into  an  ascending  and  a  descending  branch;  the  stem  of  the  artery  or  its  branches 
cros3  the  left  ureter  and  left  internal  spermatic  vessels.  The  ascending  branch 
crosses  in  front  of  the  left  kidney  and  ends,  between  the  two  layers  of  the  transverse 
mesocolon,  by  anastomosing  with  the  middle  colic  artery;  the  descending  branch 
anastomoses  with  the  highest  sigmoid  artery.  From  the  arches  formed  by  these 
anastomoses  branches  are  distributed  to  the  descending  colon  and  the  left  part 
of  the  transverse  colon. 

The  Sigmoid  Arteries  (on.  sigmoideae)  (Fig.  614),  two  or  three  in  number,  run 
obliquely  downward  and  to  the  left  behind  the  peritoneum  and  in  front  of  the 
Psoas  major,  ureter,  and  internal  spermatic  vessels.  Their  branches  supply  the  lower 
partof  the  descending  colon,  the  iliac  colon,  and  the  sigmoid  or  pelvic  colon  ;anasto- 
niosing  above  with  the  left  colic,  and  below  with  the  superior  hemorrhoidal  artery. 
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The  Superior  Hemorriioidal  Arter;  (a.  haemorrkoidalis  superior)  (Fig.  614),  the 
continuation  of  the  inferior  mesenteric,  descends  into  the  pelvis  between  the  layers 
of  the  mesentery  of  the  sigmoid  colon,  crossing,  in  its  course,  the  left  common 
iliac  vessels.  It  divides,  opposite  the  third  sacral  vertebra,  into  two  branches, 
which  descend  one  on  either  side  of  the  rectum,  and  about  10  or  12  cm.  from  the 
anus  break  up  into  several  small  branches.  These  pierce  the  muscular  coat  of  the 
bowel  and  run  downward,  as  straight  vessels,  placed  at  regular  intervals  from  each 
other  in  the  wall  of  the  gut  between  its  muscular  and  mucous  coats,  to  the  level 
of  the  Sphincter  aniintemus;  here  they  form  a  series  of  loops  around  the  lower  end 
of  the  rectum,  and  communicate  with  the  middle  hemorrhoidal  branches  of  the 
hypogastric,  and  with  the  inferior  hemorrhoidal  branches  of  the  internal  pudendal. 


«nutoDio«M.    (From  a  prepuktion  by  Mr.  HuoiltOD  Dnunnioad.)    Pnptied  in  lune  muuiu  m  Fib.  611- 

AppUod  ABatomT. — -Embolism  of  the  mesenteric  arteriea  produces  scute  and  severe  synip- 
tons,  of  which  the  chief  are  abdominsl  pain  and  tendemeas,  aauses  and  vomiting,  diairhOM 
or  constipation;  blood  is  found  in  the  stools  of  neatly  half  the  patients.  In  many  cases  the  symp- 
toms closely  resemble  those  of  intestinal  obstructioD. 

The  middle  saiHrarenal  arteries  {aa.  auprarenales  media;  middle  captular  arteries; 
suprarenal  arteries)  are  two  small  vessels  which  arise,  one  from  either  side  of  the 
aorta,  opposite  the  superior  mesenteric  artery.  They  pass  lateralward  and  slightly 
upwwd,  over  the  crura  of  the  Diaphragma,  to  the  suprarenal  glands,  where  they 
anastomose  with  suprarenal  branches  of  the  inferior  phrenic  and  renal  arteries.  In 
the  fetus  these  arteries  are  of  large  size. 

The  renal  arteries  (an.  renales)  (Fig.  607),  are  two  large  trunks,  which  arixe 
from  the  side  of  the  aorta,  immediately  below  the  superior  mesenteric  arterj'. 
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Each  is  directed  across  the  cms  of  the  Diaphragma^  so  as  to  form  nearly  a  right 
angle  with  the  aorta.  The  right  is  longer  than  the  left,  on  account  of  the  position 
of  the  aorta;  it  passes  behind  the  inferior  vena  cava,  the  right  renal  vein,  the  head 
of  the  pancreas,  and  the  descending  part  of  the  duodenum.  The  left  is  somewhat 
higher  than  the  right;  it  lies  behind  the  left  renal  vein,  the  body  of  the  pancreas 
and  the  lienal  vein,  and  is  crossed  by  the  inferior  mesenteric  vein.  Before  reaching 
the  hilus  of  the  kidney,  each  artery  divides  into  four  or  five  branches;  the  greater 
number  of  these  lie  between  the  renal  vein  and  ureter,  the  vein  being  in  front, 
the  ureter  behind,  but  one  or  more  branches  are  usually  situated  behind  the  ureter. 
Each  vessel  gives  off  some  small  inferior  suprarenal  branches  to  the  suprarenal 
gland,  the  ureter,  and  the  surrounding  cellular  tissue  and  muscles.  One  or  two 
accessory  renal  arteries  are  frequently  found,  more  especially  on  the  left  side 
they  usually  arise  from  the  aorta,  and  may  come  off  above  or  below  the  main  artery, 
the  former  being  the  more  common  position.  Instead  of  entering  the  kidney  at  the 
hilus,  they  usually  pierce  the  upper  or  lower  part  of' the  gland. 

The  internal  spermatic  arteries  (aa.  spermaiicae  internas;  spermatic  arteries) 
(Fig.  607)  are  distributed  to  the  testes.  They  are  two  slender  vessels  of  consid- 
erable length,  and  arise  from  the  front  of  the  aorta  a  little  below  the  renal  arteries. 
Each  passes  obliquely  downward  and  lateralward  behind  the  peritoneum,  resting 
on  the  Psoas  major,  the  right  spermatic  lying  in  front  of  the  inferior  vena  cava 
and  behind  the  middle  colic  and  ileocolic  arteries  and  the  terminal  part  of  the 
ileum,  the  left  behind  the  left  colic  and  sigmoid  arteries  and  the  iliac  colon.  Each 
crosses  dbliquely  over  the  ureter  and  the  lower  part  of  the  external  iliac  artery 
to  reach  the  abdominal  inguinal  ring,  through  which  it  passes,  and  accompanies 
the  other  constituents  of  the  spermatic  cord  along  the  inguinal  canal  to  the 
scrotum,  where  it  becomes  tortuous,  and  divides  into  several  branches.  Two  or 
three  of  these  accompany  the  ductus  deferens,  and  supply  the  epididymis,  anasto- 
mosing with  the  artery  of  the  ductus  deferens;  others  pierce  the  back  part  of  the 
tunica  albuginea,  and  supply  the  substance  of  the  testis.  The  internal  spermatic 
artery  supplies  one  or  two  small  branches  to  the  ureter,  and  in  the  inguinal  canal 
gives  one  or  two  twigs  to  the  Cremaster. 

The  ovarian  arteries  {an,  ovaricae)  are  the  corresponding  arteries  in  the  female 
to  the  internal  spermatic  in  the  male.  They  supply  the  ovaries, "are  shorter  than  the 
internal  spermatics,  and  do  not  pass  out  of  the  abdominal  cavity.  The  origin 
and  course  of  the  first  part  of  each  artery  are  the  same  as  those  of  the  internal 
spermatic,  but  on  arriving  at  the  upper  opening  of  the  lesser  pelvis  the  ovarian 
artery  passes  inward,  between  the  two  layers  of  the  ovariopelvic  ligament  and  of 
the  broad  ligament  of  the  uterus,  to  be  distributed  to  the  ovary.  Small  branches 
are  given  to  the  ureter  and  the  uterine  tube,  and  one  passes  on  to  the  side  of  the 
uterus,  and  unites  with  the  uterine  artery.  Other  offsets  are  continued  on  the  round 
ligament  of  the  uterus,  through  the  inguinal  canal,  to  the  integument  of  the  labium 
majus  and  groin. 

At  an  early  period  of  fetal  life,  when  the  testes  or  ovaries  lie  by  the  side  of  the 
vertebral  column,  below  the  kidneys,  the  internal  spermatic  or  ovarian  arteries 
are  short;  but  with  the  descent  of  these  organs  into  the  scrotum  or  lesser  pelvis, 
the  arteries  are  gradually  lengthened. 

The  inferior  phrenic  uteries  (aa,  phrenicae  inferiores)  (Fig.  607)  are  two  small 
vessels,  which  supply  the  Diaphragma  but  present  much  variety  in  their  origin. 
They  may  arise  separately  from  the  front  of  the  aorta,  immediately  above  the  coeliac 
artery,  or  by  a  common  trunk,  which  may  spring  either  from  the  aorta  or  from  the 
coeliac  artery.  Sometimes  one  is  derived  from  the  aorta,  and  the  other  from  one  of 
the  renal  arteries;  they  rarely  arise  as  separate  vessels  from  the  aorta.  They 
diverge  from  one  another  across  the  crura  of  the  Diaphragma,  and  then  run  ob- 
liquely upward  and  lateralward  upon  its  under  surface.    The  left  phrenic  passes 
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behind  the  oesophagus,  and  runs  forward  on  the  left  side  of  the  oesophageal  hiatus. 
The  right  phrenic  passes  behind  the  inferior  vena  cava,  and  along  the  right  side 
of  the  foramen  which  transmits  that  vein.  Near  the  back  part  of  the  central 
tendon  each  vessel  divides  into  a  medial  and  a  lateral  branch.  The  medial  branch 
curves  forward,  and  anastomoses  with  its  fellow  of  the  opposite  side,  and  with 
the  musculophrenic  and  pericardiacophrenic  arteries.  The  lateral  branch  passes 
toward  the  side  of  the  thorax,  and  anastomoses  with  the  lower  intercostal  arteries, 
and  with  the  musculophrenic.  The  lateral  branch  of  the  right  phrenic  gives  off 
a  few  vessels  to  the  inferior  vena  cava;  and  the  left  one,  some  branches  to  the 
oesophagus.  Each  vessel  gives  off  superior  suprarenal  branches  to  the  suprarenal 
gland  of  its  own  side.  The  spleen  and  the  liver  also  receive  a  few  twigs  from  the 
left  and  right  vessels  respectively. 

The  lumbar  arteries  (aa.  lumbales)  are  in  series  with  the  intercostals.  They 
are  usually  four  in  number  on  either  side,  and  arise  from  the  back  of  the  aorta, 
opposite  the  bodies  of  the  upper  four  lumbar  vertebrae.  A  fifth  pair,  small  in  size, 
is  occasionally  present:  they  arise  from  the  middle  sacral  artery*.  They  run  lateral- 
ward  and  backward  on  the  bodies  of  the  lumbar  vertebrae,  behind  the  sympathetic 
trunk,  to  the  intervals  between  the  adJ3,cent  transverse  processes,  and  are  then 
continued  into  the  abdominal  wall.  The  arteries  of  the  right  side  pass  behind  the 
inferior  vena  cava,  and  the  upper  two  on  each  side  run  behind  the  corresponding 
crus  of  the  Diaphragma.  The  arteries  of  both  sides  pass  beneath  the  tendinous 
arches  which  give  origin  to  the  Psoas  major,  and  are  then  continued  behind  this 
muscle  and  the  lumbar  plexus.  They  now  cross  the  Quadratus  lumborum,  the  upper 
three  arteries  running  behind,  the  last  usually  in  front  of  the  muscle.  At  the  lateral 
border  of  the  Quadratus  lumborum  they  pierce  the  posterior  aponeurosis  of  the 
Transversus  abdominis  and  are  carried  forward  between  this  muscle  and  the 
Obliquus  internus.  They  anastomose  with  the  lower  intercostal,  the  subcostal, 
the  iliolumbar,  the  deep  iliac  circumflex,  and  the  inferior  epigastric  arteries. 

Branches.^In  the  interval  between  the  adjacent  transverse  processes  each  lumbar 
artery  gives  oft'  a  posterior  ramus  which  is  continued  backward  between  the  trans- 
verse processes  and  is  distributed  to  the  muscles  and  skin  of  the  back;  it  furnishes 
a  spinal  branch  which  enters  the  vertebral  canal  and  is  distributed  in  a  manner 
similar  to  the  spinal  branches  of  the  posterior  rami  of  the  intercostal  arteries 
(page  G86).  Muscular  branches  are  supplied  from  each  lumbar  artery  and  from  its 
posterior  ramus  to  the  neighboring  muscles. 

The  middle  sacral  artery  (a.  sacralis  media)  (Fig.  607)  is  a  small  vessel,  which 
arises  from  the  back  of  the  aorta,  a  little  above  its  bifurcation.  It  descends  in 
the  middle  line  in  front  of  the  fourth  and  fifth  lumbar  vertebrae,  the  sacrum  and 
coccyx,  and  ends  in  the  glomus  coccygeum  {coccygeal  gland).  From  it,  minute 
branches  are  said  to  pass  to  the  posterior  surface  of  the  rectum.  On  the  last 
lumbar  vertebra  it  anastomoses  with  the  lumbar  branch  of  the  iliolumbar  arterj^ ; 
in  front  of  the  sacrum  it  anastomoses  with  the  lateral  sacral  arteries,  and  sends 
offsets  into  the  anterior  sacral  foramina.  It  is  crossed  by  the  left  common  iliac 
vein,  and  is  accompanied  by  a  pair  of  venae  comitantes;  these  unite  to  form  a  single 
vessel,  which  opens  into  the  left  common  iliac  vein. 


THE  COMMON  ILIAC  ARTERIES  (AA.  ILIACAE  COMMUNES)  (Figs.  607,  615). 

The  abdominal  aorta  divides,  on  the  left  side  of  the  body  of  the  fourth  lumbar 
vertebra,  into  the  two  common  iliac  arteries.  Each  is  about  5  cm.  in  length.  They 
diverge  from  the  termination  of  the  aorta,  pass  downward  and  lateralward,  and 
divide,  opposite  the  intervertebral  fibrocartilage  between  the  last  lumbar  vertebra 
and  the  sacrum,  into  two  branches,  the  external  iliac  and  hypogastric  arteries; 
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the  former  supplies  the  lower  extremity;  the  latter,  the  viscera  and  parietes  of  the 
pelvis. 

The  right  common  iliac  artery  (Fig.  615)  is  somewhat  longer  than  the  left,  and 
passes  more  obliquely  across  the  body  of  the  last  lumbar  vertebra.  In  front  of 
it  are  the  peritoneum,  the  small  intestines,  branches  of  the  sympathetic  nerves, 
and,  at  its  point  of  division,  the  ureter.  Behind,  it  is  separated  from  the  bodies  of 
the  fourth  and  fifth  lumbar  vertebrje,  and  the  intervening  fibrocartilage,  by  the 
terminations  of  the  two  common  iliac  veins  and  the  commencement  of  the  inferior 
vena  cava.  Laterally,  it  is  in  relation,  above,  with  the  inferior  vena  cava  and  the 
right  common  iliac  vein;  and,  below,  with  the  Psoas  major.  Medial  to  it,  above, 
IS  the  left  common  iliac  vein. 


^Qe  left  common  iliac  arteir  is  in  relation,  in  front,  with  the  peritoneum,  the 
^*-U  intestines,  branches  of  the  sympathetic  nerves,  and  the  superior  hemorrhoidal 
r^fj';  and  is  crossed  at  its  point  of  bifurcation  by  the  ureter.  It  rests  on  the 
^^les  of  the  fourth  and  fifth  lumbar  vertebra;,  and  the  intervening  fibrocartilage. 

*he  left  common  iliac  vein  lies  partly  viedial  to,  and  partly  behind  the  arterj'; 

intefally,  the  arterj'  is  in  relation  with  the  Psoas  major. 
Blanches. — The  common  iliac  arteries  give  off  small  branches  to  the  peritoneum, 

Psoas  major,  ureters,  and  the  surrounding  areolar  tissue,  and  occasionally  give 

origin  to  the  iliolumbar,  or  accessor^'  renal  arteries. 
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Pecoliaritias. — ^The  point  of  origin  varies  according  to  the  bifurcation  of  the  aorta.  In  three- 
fourths  of  a  large  number  of  cases,  the  aorta  bifurcated  either  upon  the  fourth  lumbar  vertebra, 
or  upon  the  fibrocartilage  between  it  and  the  fifth;  the  bifurcation  being,  in  one  case  out  of  nine, 
belowi  and  in  one  out  of  eleven,  above  this  point.  In  about  80  per  cent,  of  the  cases  the  aorta 
bifurcated  within  1.25  cm.  above  or  below  the  level  of  the  crest  of  the  ilium;  more  frequently 
below  than  above. 

The  point  of  division  is  subject  to  great  variety.  In  two-thirds  of  a  large  number  of  cases  it 
was  between  the  last  lumbar  vertebra  and  the  upper  border  of  the  sacrum;  being  above  that  point 
in  one  case  out  of  eight,  and  below  it  in  one  case  out  of  six.  The  left  common  iliac  artery  divides 
lower  down  more  frequently  than  the  right. 

The  relative  lengths^  also,  of  the  two  common  iliac  arteries  vary.  The  right  common  iliac  was 
the  longer  in  sixty-three  cases;  the  left  in  fifty-two;  while  they  were  equal  in  fifty-three.  The 
length  of  the  arteries  varied,  in  fivensevenths  of  the  cases  examined,  from  3.5  to  7.5  cm.;  in  about 
half  of  the  remaining  cases  the  artery  was  longer,  and  in  the  other  half,  shorter;  the  minimum 
length  being  less  than  1.25  cm.,  the  maximum,  11  cm.  In  rare  instances,  the  right  common 
iliac  has  been  found  wanting,  the  external  iliac  and  hypogastric  arising  directly  from  the  aorta. 

Applied  Anatomy. — The  application  of  a  ligature  to  the  common  iUac  artery  may  be  required 
on  account  of  aneurism  or  hemorrhage,  implicating  the  external  iliac  or  hypogastric.  The  easiest 
and  best  method  of  tying  the  artery  is  by  a  transperitoneal  route.  The  abdomen  is  opened,  the 
intestines  are  drawn  aside  and  the  peritoneum  covering  the  artery  divided;  the  sheath  is  then 
opened  and  the  needle  passed  from  the  medial  to  the  lateral  side.  On  the  right  side  great  care 
must  be  exercised  in  passing  the  needle,  since  both  the  common  iliac  veins  lie  behind  the  artery. 
After  the  vessel  has  been  tied,  the  incision  in  the  peritoneum  over  the  artery  should  be  sutured. 
Formerly  there  were  different  methods  by  which  the  common  iliac  artery  was  tied,  without  open- 
ing the  peritoneal  cavity,  but  these  have  now  been  discarded. 

Collateral  Circulation. — The  principal  agents  in  carrying  on  the  collateral  circulation  after  the 
application  of  a  ligature  to  the  common  iliac  are :  the  anastomoses  of  the  hemorrhoidal  branches 
of  the  hypogastric  with  the  superior  hemorrhoidal  from  the  inferior  mesenteric;  of  the  uterine, 
ovarian,  and  vesical  arteries  of  the  opposite  sides;  of  the  lateral  sacral  with  the  middle  sacral 
artery;  of  the  inferior  epigastric  with  the  internal  mammary,  inferior  intercostal,  and  lumbar 
arteries;  of  the  deep  iliac  circumflex  with  the  lumbar  arteries;  of  the  iliolumbar  with  the  last 
lumbar  artery;  of  the  obturator  artery,  by  means  of  its  pubic  branch,  with  the  vessel  of  the 
opposite  side  and  with  the  inferior  epigastric. 

The  Hypogastric  Artery  (A.  Hypogastrica ;  Internal  Iliac  Artery)  (Fig.  615). 

The  hypogastric  artery  supplies  the  walls  and  viscera  of  the  pelvis,  the  buttock, 
the  generative  organs,  and  the  medial  side  of  the  thigh.  It  is  a  short,  thick  vessel, 
smaller  than  the  external  iliac,  and  about  4  cm.  in  length.  It  arises  at  the  bifur- 
cation of  the  common  iliac,  opposite  the  lumbosacral  articulation,  and,  passing 
downward  to  the  upper  margin  of  the  greater  sciatic  foramen,  divides  into  two 
large  trunks,  an  anterior  and  a  posterior. 

Relations. — It  is  in  relation  in  front  with  the  ureter;  hehindy  with  the  internal  iliac  vein,  the 
lumbosacral  trunk,  and  the  Piriformis  muscle;  laterally ^  near  its  origin,  with  the  external  iliac 
vein,  which  lies  between  it  and  the  Psoas  major  muscle;  lower  down,  with  the  obturator  nerv^e. 

In  the  fetus,  the  hypogastric  artery  is  twice  as  large  as  the  external  iliac,  and  is 
the  direct  continuation  of  the  common  iliac.  It  ascends  along  the  side  of  the 
bladder,  and  runs  upward  on  the  back  of  the  anterior  wall  of  the  abdomen  to  the 
umbilicus,  converging  toward  its  fellow  of  the  opposite  side.  Having  passed  through 
the  umbilical  opening,  the  tw6  arteries,  now  termed  umbilical,  enter  the  umbilical 
cord,  where  they  are  coiled  around  the  umbilical  vein,  and  ultimately  ramify  in 
the  placenta. 

At  birth,  when  the  placental  circulation  ceases,  the  pelvic  portion  only  of  the 
artery  remains  patent  and  constitutes  the  hypogastric  and  the  first  part  of  the 
superior  vesical  artery  of  the  adult;  the  remainder  of  the  vessel  is  converted  into 
a  solid  fibrous  cord,  the  lateral  umbilical  ligament  {obliteraied  hyjyogastric  artery) 
which  extends  from  the  pelvis  to  the  umbilicus. 

Peculiarities  as  Regards  Length. — In  two-thirds  of  a  large  number  of  cases,  the  length  of  the 
hypogastric  varied  between  2.25  and  3.4  cm.;  in  the  remaining  third  it  was  more  frequently 
longer  than  shorter,  the  maximum  length  being  about  7  cm.  the  minimum  about  1  cm. 


^ 
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The  lengths  of  the  common  iliac  and  h3rpogastric  arteries  bear  an  inverse  proportion  to  each 
other,  the  hypogastric  artery  being  long  when  the  common  ih'ac  is  short,  and  vice  versa. 

As  Regards  its  Place  of  I>ivi8ion.-^The  place  of  division  of  the  hypogastric  varies  between 
the  upper  margin  of  the  sacrum  and  the  upper  border  of  the  greater  sciatic  foramen. 

The  right  and  left  hypogastric  arteries  in  a  series  of  cases  often  differed  in  length,  but  neither 
seemed  constantly  to  exceed  the  other. 

Applied  Anatomy. — ^The  application  of  a  ligature  to  the  hypogajstric  artery  may  be  required 
in  cases  of  aneurism  or  hemorrhage  affecting  one  of  its  branches.  The  vessel  may  be  best  secured 
by  an  abdominal  section  in  the  median  line,  and  reaching  the  vessel  through  the  peritoneal  cavity. 
It  should  be  remembered  that  the  vein  lies  behind,  and,  on  the  right  side,  a  little  lateral  to  the 
artery,  and  in  close  contact  with  it;  the  ureter,  which  lies  in  front,  must  also  be  avoided.  The 
degree  of  facility  in  applying  a  ligature  to  this  vessel  will  mainly  depend  upon  its  length.  It  has 
been  seen  that,  in  the  great  majority  of  the  cases  examined,  the  artery  was  short,  varying  from 
2  to  4  cm.;  in  these  cases,  the  artery  is  deeply  seated  in  the  pelvis;  when,  on  the  contrary,  the 
vessel  is  longer,  it  is  found  partly  above  that  cavity.  If  the  artery  be  very  short,  as  occasionally 
happens,  it  would  be  preferable  to  apply  a  ligature  to  the  common  iliac. 

Collateral  Ciretdation. — The  circulation  after  ligature  of  the  hypogastric  artery  is  carried  on 
by  the  anastomoses  of  the  uterine  and  ovarian  arteries;  of  the  vesical  arteries  of  the  two  sides; 
of  the  hemorrhoidal  branches  of  the  hypogastric  with  those  from  the  inferior  mesenteric;  of  the 
obturator  artery,  by  means  of  its  pubic  branch,  with  the  vessel  of  the  opposite  side,  and  with  the 
inferior  epigastric  and  medial  femoral  circumflex;  of  the  circumflex  and  perforating  branches  of 
the  profunda  femoris  with  the  inferior  gluteal;  of  the  superior  gluteal  with  the  posterior  branches 
of  the  lateral  sacral  arteries;  of  the  iliolumbar  with  the  last  lumbar;  of  the  lateral  sacral  with  the 
middle  sacral;  and  of  the  iliac  circumflex  with  the  iliolumbar  and  superior  gluteal.^ 

Branches. — ^The  branches  of  the  hypogastric  arter>'  are: 

From  the  Anterior  Trunk.  From  the  Posterior  Trunk. 

Superior  Vesical.  Iliolumbar.    . 

Middle  Vesical.  Lateral  Sacral. 

Inferior  Vesical.  Superior  Gluteal. 

Middle  Hemorrhoidal. 

Obturator. 

Internal  Pudendal. 

Inferior  Gluteal. 

vSnaT  }^^  ^^  ^'"^^^ 

The  saperior  vesical  artery  (a.  vesicalis  superior)  supplies  numerous  branches 
to  the  upper  part  of  the  bladder.  From  one  of  these  a  slender  vessel,  the  artery 
to  the  ductus  deferezis,  takes  origin  and  accompanies  the  duct  in  its  course  to  the 
testis,  where  it  anastomoses  with  the  internal  spermatic  artery.  Other  branches 
supply  the  ureter.  The  first  part  of  the  superior  vesical  artery  represents  the 
terminal  section  of  the  pervious  portion  of  the  fetal  hypogastric  artery. 

The  middle  vesical  artery  (a.  vesicalis  medialis),  usually  a  branch  of  the  superior, 
is  distributed  to  the  fundus  of  the  bladder  and  the  vesiculae  seminales. 

The  inferior  vesical  artery  (a.  vesicalis  inferior)  frequently  arises  in  common 
with  the  middle  hemorrhoidal,  and  is  distributed  to  the  fundus  of  the  bladder,  the 
prostate,  and  the  vesiculae  seminales.  The  branches  to  the  prostate  communicate 
with  the  corresponding  vessels  of  the  opposite  side. 

The  middle  hemorrhoidal  artery  (a.  haemorrhoidalis  media)  usually  arises  with 
the  preceding  vessel.  It  is  distributed  to  the  rectum,  anastomosing  with  the 
inferior  vesical  and  with  the  superior  and  inferior  hemorrhoidal  arteries.  It  gives 
offsets  to  the  vesiculae  seminales  and  prostate. 

The  uterine  artery  (a.  uterina)  (Fig.  616)  springs  from  the  anterior  division  of 

the  hypogastric  and  runs  medialward  on  the  Levator  ani  and  toward  the  cervix 

\iteri;  about  2  cm.  from  the  cervix  it  crosses  above  and  in  front  of  the  ureter,  to 

vkhich  it  supplies  a  small  branch.    Reaching  the  side  of  the  uterus  it  ascends  in  a 

tortuous  manner  between  the  two  layers  of  the  broad  ligament  to  the  junction 

>  For  a  description  of  a  caae  in  which  Owen  made  a  dissection  ten  years  after  ligature  of  the  hypogastric  artei^', 
«?c  Med.-Chip.  Trans.,  vol.  xvi. 
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The  Anterior  branch  runs  forward  on  the  outer  surface  of  the  obturator  mem- 
brane and  then  curves  downward  along  the  anterior  margin  of  the  foramen.  It 
distributes  branches  to  the  Obturator  externus,  Pectineus,  Adductores,  and  Gracilis, 
and  anastomoses  with  the  posterior  branch  and  with  the  medial  femoral  circum- 
flex artery. 

The  posterior  branch  follows  the  posterior  margin  of  the  foramen  and  turns  for- 
ward on  the  inferior  ramus  of  the  ischium,  where  it  anastomoses  with  the  anterior 
branch.  It  gives  twigs  to  the  muscles  attached  to  the  ischial  tub'ertfeity  and  anas- 
tomoses with  the  inferior  gluteal.  It  also  supplies  an  articular  branch  which 
enters  the  hip-joint  through  the  acetabular  notch,  ramifies  in  the  fat  at  the  bottom 
of  the  acetabulum  and  sends  a  twig  along  the  ligamentum  teres  to  the  head  of  the 
femur. 

PacollaritleB.— The  obturator  artery  eometimee  arises  from  the  main  stem  or  from  the  posterior 
tnink  of  the  hypogastric,  or  it  may  spriiiR  from  the  superior  gluteal  artery;  occasionally  it  arises 
from  the  external  ihac.  In  about  two  out  of  every  seven  cases  it  springs  from  the  inferior  epi- 
gastric and  descends  almost  vertically  to  the  upper  part  of  the  obturator  foramen.  The  artery 
in  this  course  usually  liee  tn  contact  with  the  external  iliac  vein,  and  on  the  lateral  side  of  the 
femoral  ring  (Fig.  6 17  A) ;  in  such  cases  it  would  not  be  endangered  in  the  operation  for  strangulated 
femoral  hernia.  OccasionaUy,  however,  it  curves  along  the  free  margin  of  the  lacunar  Ugament 
(Fig.  617  B),  and  if  in  such  circumstances  a  femoral  hernia  occurred,  the  vessel  would  almost 
completely  encircle  the  neck  of  the  hernial  sac,  and  would  be  ia  great  danger  of  being  wounded 
if  an  operation  were  performed  for  strangulation. 


The  intenul  pudendal  artery  (a.  -pudenda  interna;  internal  -pudic  artery)  is  the 
smaller  of  the  two  terminal  branches  of  the  anterior  trunk  of  the  hypogastric,  and 
supplies  the  external  organs  of  generation.  Though  the  course  of  the  artery  is 
the  same  in  the  two  sexes,  the  vessel  is  smaller  in  the  female  than  in  the  male,  and 
the  distribution  of  its  branches  somewhat  different.  The  description  of  its  arrange- 
ment in  the  male  will  first  be  given,  and  subsequently  the  differences  which  it 
presents  in  the  female  will  be  mentioned. 

The  internal  pudendal  artery  in  the  male  passes  downward  and  outward  to  the 
lower  border  of  the  greater  sciatic  foramen,  and  emerges  from  the  pelvis  between 
the  Piriformis  and  Coccjgeus;  it  then  crosses  the  ischial  spine,  and  enters  the  peri- 
neum through  the  lesser  sciatic  foramen.  The  arterj-  now  crosses  the  Obturator 
internus,  along  the  lateral  wall  of  the  ischiorectal  fossa,  being  situated  about  4  cm. 
above  the  lower  margin  of  the  ischial  tuberosity.  It  gradually  approaches  the 
margin  of  the  inferior  ramus  of  the  ischium  and  passes  forward  between  the  two 
layers  of  the  fascia  of  the  urogenital  diaphragm-,  it  then  runs  forward  along  the 
medial  margin  of  the  inferior  ramus  of  the  pubis,  and  about  1.25  cm.  behind  the 
pubic  arcuate  ligament  it  pierces  the  inferior  fascia  of  the  urogenital  diaphragm 
and  divides  into  the  dorsal  and  deep  arteries  of  the  penis. 


—Within  the  pelvis,  it  liea  in  front  of  the  Piriformis  muscle,  the  sacral  plexus  of 
nerves,  and  the  inferior  gluteal  artery.  As  it  crosses  the  ischial  spine,  it  is  covered  by  the  Glutaeus 
maximus  and  overlapped  by  the  sacrotuberoua  ligament.  Here  the  pudendal  nerve  Ues  to  the 
medial  side  and  the  nerve  to  the  Obturator  iatemua  to  the  lateral  side  of  the  vessel.  In  the  peri- 
neum it  lies  on  the  lateral  wall  of  the  ischiorectal  fossa,  in  a  canal  {.Alcock't  canal)  formed  by  the 


splitting  of  the  obturator  faacia.    It  is  accompaDied  by  a  pair  of  venae  comitaotes  and  the  pudeadal 

PMnliuitifls. — The  iDtemal  pudeadal  artery  ia  aometimee  smaller  than  usual,  or  fails  to  give 
off  one  or  two  of  its  usual  branches;  in  such  cases  the  deficiency  ia  aupplied  by  branches  derived 
from  an  additional  vessel,  the  uceiEOiT  pad«nd»l,  which  Renerally  arises  from  the  iut«nial 
pudendal  artery  before  ita  exit  from  the  greater  sciatic  foramen.  It  paaaee  forward  along  the 
lower  part  of  the  bladder  and  across  the  side  of  the  prostate  to  the  root  of  the  penia,  where  it 
perforates  the  uroKcnital  diaphragm,  and  gives  oEF  the  branches  usually  derived  from  the  internal 
pudendaJ  artery.  The  deficiency  most  frequently  met  with  ia  that  in  which  the  internal  pudendal 
ends  as  the  artery  of  the  urethral  bulb,  the  dorsal  and  deep  arteries  of  the  penis  being  derived 
from  the  accessory  pudendal.  The  internal  pudendal  artery  may  also  end  as  the  perineal,  the 
artery  of  the  urethral  bulb  being  derived,  with  the  other  two  branches,  from  the  accesaory  veaael. 
Occasionally  the  accessory  pudendal  artery  ia  derived  from  one  of  the  other  branchea  of  the 
hypogastric  artery,  most  frequently  the  inferior  vesical  or  the  obturator. 

Branches,— The  branches  of  the  internal  pudendal  artery  (Figs.  618,  619)  are: 

Muscular.  Artery  of  the  Urethra!  Bulb. 

Inferior  Hemorrhoidal.  Urethral. 

Perineal.  Deep  Arterj'  of  the  Penis. 

Dorsal  Artery  of  the  Penis. 


SacnUnbtTMit  _ 


FiQ.  6IS. — The  luperficial  bnocba  of  tha  internat  pudendkl  artery. 

The  Muscular  Branches  consist  of  two  sets:  one  given  otT  in  the  pelvis;  the  other, 
as  the  vessel  crosses  the  ischial  spine.  The  former  consists  of  several  small  offsets 
which  supply  the  Levator  ani,  the  Obturator  intemus,  the  Piriformis,  and  the 
Coccygeus.  The  branches  given  oif  outside  the  pelvis  are  distributed  to  the 
adjacent  parts  of  the  Glutaeus  maximus  and  external  rotator  muscles.  They 
anastomose  with  branches  of  the  inferior  gluteal  artery. 

The  Inferior  Hemorrhoidal  Artery  {a.  haemorrhoidalis  inferior)  arises  from  the 
internal  pudendal  as  it  passes  above  the  ischial  tuberosity.  Piercing  the  wall 
of  Alcock's  canal  it  divides  into  two  or  three  branches  which  cross  the  ischiorectal 
fossa,  and  are  distributed  to  the  muscles  and  integument  of  the  anal  region,  and 
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send  offshoots  around  the  lower  edge  of  the  Glutaeus  maximus  to  the  skin  of  the 
huttock.  They  anastomose  with  the  corresponding  vessels  of  the  opposite  side,  with 
the  superior  and  middle  hemorrhoidal,  and  with  the  perineal  artery. 

The  Perineal  Artery  {a.  perinei;  superficial  perineal  artery)  arises  from  the  internal 
pudendal,  in  front  of  the  preceding  branches,  and  turns  upward,  crossing  either 
over  or  under  the  Transversus  perinaei  superficial  is,  and  runs  forward,  parallel 
to  the  pubic  arch,  in  the  interspace  between  the  Bulbocavernous  and  Ischioea\-er- 
nosus,  both  of  which  it  supplies,  and  finally  divides  into  several  poaterioi  scrotal 
branches  which  are  distributed  to  the  skin  and  dartos  tunic  of  the  scrotum.  As 
>t  crosses  the  Transversus  perinaei  superficialis  it  gives  o£f  the  transTerse  perineal 
wtery  which  runs  transversely  on  the  cutaneous  surface  of  the  muscle,  and  anasto- 
moses with  the  corresponding  vessel  of  the  opposite  side  and  with  the  perineal 
and  inferior  hemorrhoidal  arteries.  It  supplies  the  Transversus  perinaei  super- 
ficialis and  the  structures  between  the  anus  and  the  urethral  bulb. 


ArUry  cf  urethral  InM 

Inlrrunl  pudtndttl  arleiy 

Ballm-tirrlliral  uland 


Fio.  ei8.— The  deeper  b 

The  Artery  of  the  Urethral  Bulb  (a.  bulhi  urethrae)  Is  a  short  vessel  of  large  calibre 
which  arises  from  the  internal  pudendal  between  the  two  layers  of  fascia  of  the  uro- 
genital diaphragm ;  it  passes  medialward,  pierces  the  inferior  fascia  of  the  urogenital 
diaphragm,  and  gives  off  branches  which  ramifj'  in  the  bulh  of  the  urethra  and  in 
the  posterior  part  of  the  corpus  cavemosum  urethrae.  It  gives  off  a  small  branch 
to  the  bulbo-urethral  gland. 

The  Drethral  Artery  (a.  tireihralis)  arise,i  a  short  distance  in  front  of  the  arterj' 
of  the  urethral  bulb.  It  runs  forward  and  medialward,  pierces  the  inferior  fascia 
of  the  urogenital  diaphragm  and  enters  the  corpus  cavemosum  urethrae,  in  which 
It  is  continued  forward  to  the  glans  penis. 

The  Deep  Artery  of  the  Penis  (a.  profunda  penis;  artery  to  the  corpus  caremosiim), 
one  of  the  terminal  branches  of  the  internal  pudendal,  arises  from  that  vessel, 
while  it  is  situated  between  the  two  fascite  of  the  urogenital  diaphragm;  it 
pierces  the  inferior  fascia,  and,  entering  the  cms  penis  obliquely,  runs  forward 
in  the  centre  of  the  corpus  cavemosum  penis,  to  which  its  branches  are  distributed. 
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The  Dorsal  Artery  of  the  Penis  (a.  dorsalis  penis)  ascends  between  the  cms  penis 
and  the  pubic  symphysis,  and,  piercing  the  inferior  fascia  of  the  urogenital  dia- 
phragm, passes  between  the  two  layers  of  the  suspensory  ligament  of  the  penis, 
and  runs  forward  on  the  dorsum  of  the  penis  to  the  glans,  where  it  divides  into  two 
branches,  which  supply  the  glans  and  prepuce.  On  the  penis,  it  lies  between  the 
dorsal  nerve  and  deep  dorsal  vein,  the  former  being  on  its  lateral  side.  It  supplies 
the  integument  and  fibrous  sheath  of  the  corpus  cavernosum  penis^  sending  branches 
through  the  sheath  to  anastomose  with  the  preceding  vessel. 

The  internal  pudendal  artery  in  the  female  is  smaller  than  in  the  male.  Its  origin 
and  course  are  similar,  and  there  is  considerable  analogy  in  the  distribution  of  its 
branches.  The  perineal  artery  supplies  the  labia  pudendi;  the  artery  of  the  bulb 
supplies  the  bulbus  vestibuli  and  the  erectile  tissue  of  the  vagina;  the  deep  artery 
of  the  clitoris  supplies  the  corpus  cavernosum  clitoridis;  and  the  dorsal  artery  of 
the  clitoris  supplies  the  dorsum  of  that  organ,  and  ends  in  the  glans  and  prepuce 
of  the  clitoris. 

The  inferior  gluteal  artery  (a.  glutaea  inferior;  sciatic  artery)  (Fig.  620),  the 
larger  of  the  two  terminal  branches  of  the  anterior  trunk  of  the  hypogastric,  is- 
distributed  chiefly  to  the  buttock  and  back  of  the  thigh.  It  passes  down  on  the 
sacral  plexus  of  nerves  and  the  Piriformis,  behind  the  internal  pudendal  artery, 
to  the  lower  part  of  the  greater  sciatic  foramen,  through  which  it  escapes  from  the 
pelvis  between  the  Piriformis  and  Coccygeus.  It  then  descends  in  the  interval 
between  the  greater  trochanter  of  the  femur  and  tuberosity  of  the  ischium,  accom- 
panied by  the  sciatic  and  posterior  femoral  cutaneous  nerves,  and  covered  by  the 
Glutaeus  maximus,  and  is  continued  down  the  back  of  the  thigh,  supplying  the 
skin,  and  anastomosing  with  branches  of  the  perforating  arteries. 

Inside  the  pelvis  it  distributes  branches  to  the  Piriformis,  Coccygeus,  and  Levator 
ani;  some  branches  which  supply  the  fat  around  the  rectum,  and  occasionally 
take  the  place  of  the  middle  hemorrhoidal  artery;  and  vesical  branches  to  the 
fundus  of  the  bladder,  vesiculae  seminales,  and  prostate.  Outside  the  pelvis  it  gives 
off  the  following  branches: 

Muscular.  Anastomotic. 

Coccygeal.  Articular. 

Comitans  Nervi  Ischiadici.  Cutaneous. 

The  Muscular  Branches  supply  the  Glutaeus  maximus,  anastomosing  with  the 
superior  gluteal  artery  in  the  substance  of  the  muscle;  the  external  rotators, 
anastomosing  with  the  internal  pudendal  artery;  and  the  muscles  attached  to 
the  tuberosity  of  the  ischium,  anastomosing  with  the  posterior  branch  of  the 
obturator  and  the  medial  femoral  circumflex  arteries. 

The  Coccygeal  Branches  run  medialward,  pierce  the  sacrotuberous- ligament,  and 
supply  the  Glutaeus  maximus,  the  integument,  and  other  structures  on  the  back 
of  the  coccyx. 

The  Arteria  Comitans  Nervi  Ischiadici  is  a  long,  slender  vessel,  which  accom- 
panies the  sciatic  nerve  for  a  short  distance;  it  then  penetrates  it,  and  runs  in  its 
substance  to  the  lower  part  of  the  thigh. 

The  Anastomotic  is  directed  downward  across  the  external  rotators,  and  assists 
in  forming  the  so-called  crucial  anastomosis  by  joining  with  the  first  perforating 
and  medial  and  lateral  femoral  circumflex  arteries. 

The  Articular  Branch,  generally  derived  from  the  anastomotic,  is  distributed  to 
the  capsule  of  the  hip-joint. 

The  Cutaneous  Branches  are  distributed  to  the  skin  of  the  buttock  and  back  of 
the  thigh. 

The  iliolumbar  artery  (a.  iliolumhalis)  a  branch  of  the  posterior  trunk  of  the 
hypogastric,  turns  upward  behind  the  obturator  nerve  and  the  external  iliac  vessels 
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to  the  medial  border  of  the  Psoas  major,  behind  which  it  divides  into  a  lumbar  and 
an  iliac  branch. 

The  Lamb&T  Branch  {ramus  Ivmbalis)  supplies  the  Psoas  major  and  Quadratus 
lumborum,  anastomoses  with  the  last  lumbar  artery,  and  sends  a  small  spinal 
branch  through  the  intervertebral 
foramen  between  the  last  lumbar 
vertebra  and  the  sacrum,  into  the 
vertebral  canal,  to  supply  the 
Cauda  equina. 

The  niac  Branch  (ramus  iliacus)  ! 

descends  to  supply  the  Iliacus; 
some  offsets,  running  between  the 
muscle  and  the  bone,  anastomose 
with  the  iliac  branches  of  the  ob- 
turator; one  of  these  enters  an 
oblique  canal  to  supply  the  bone, 
while  others  run  along  the  crest  of 
the  ilium,  distributing  branches  to 
the  gluteal  and  abdominal  muscles, 
and  anastomosing  in  their  course 
with  the  superior  gluteal,  iliac 
circumflex,  and  lateral  femoral 
circumflex  arteries. 

The  lateral  sacral  arteries  (aa. 
aacralea  laitrales)  (Fig.  615)  arise 
from  the  posterior  division  of  the 
l^S'pogBStric;  there  are  usually  two, 
a  BuperiM*  and  an  Inferior. 
The  superior,  of  large  size,  passes 

tnedialward,  and,  after  anastomos- 
ing with  branches  from  the  middle 

3*cral,  enters  the  first  or  second 

snterior  sacral   foramen,  supplies 

branches  to   the  contents  of  the 

sacral  canal,  and,  escaping  by  the 

corresponding  posterior  sacral  fora- 

"•en,  is  distributed  to  the  skin  and 
muscles  on  the  dorsum  of  the 
sacrum,  anastomosing  with  the 
superior  gluteal. 

The  inferior  runs  obliquely  across 
lilt  Itont  of  the  Piriformis  and  the 
tss^  nerves  to  the  medial  side  of 
" ,  (r  anterior  sacra!  foramina,  de- 

•^nds  on  the  front  of  the  sacrum, 

»nd  anastomoses  over  the  coccyx  ^ 

with  the  middle  sacral  and  opposite 

lateral  sacral  artery.    In  its  course  it  gives  off  branches,  which  enter  the  anterior 

sacral  foramina;  these,  after  supplying  the  contents  of  the  sacral  canal,  escapes 

by  the  posterior  .'iacral  foramina,  and  are  distributed  to  the  muscles  and  skin  on 

the  dorsal  surface  of  the  sacrum,  anastomosing  with  the  gluteal  arteries. 

The  superior  gluteal  artery  (a.  gltitaea  superior;  gluteal  artery)  (Fig.  620)  is  the 
largest  branch  of  the  hj-pogastric,  and  appears  to  be  the  continuation  of  the  pos- 
terior division  of  that  vessel.    It  is  a  short  artery  which  runs  backward  between 
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the  lumbosacral  trunk  and  the  first  sacral  nerve,  and,  passing  out  of  the  pelvis 
above  the  upper  border  of  the  Piriformis,  immediately  divides  into  a  superficial 
and  a  deep  branch.  Within  the  pelvis  it  gives  off  a  few  branches  to  the  Iliacus, 
Piriformis,  and  Obturator  internus,  and  just  previous  to  quitting  that  cavity,  a 
nutrient  artery  which  enters  the  ilium. 

The  superficial  branch  enters  the  deep  surface  of  the  Glutaeus  maximus,  and 
divides  into  numerous  branches,  some  of  which  supply  the  muscle  and  anastomose 
with  the  inferior  gluteal,  while  others  perforate  its  tendinous  origin,  and  supply 
the  integument  covering  the  posterior  surface  of  the  sacrum,  anastomosing  with 
the  posterior  branches  of  the  lateral  sacral  arteries. 

The  deep  branch  lies  under  the  Glutaeus  medius  and  almost  immediately  sub- 
divides into  two.  Of  these,  the  superior  division,  continuing  the  original  course 
of  the  vessel,  passes  along  the  upper  border  of  the  Glutaeus  minimus  to  the  anterior 
superior  spine  of  the  ilium,  anastomosing  with  the  deep  iliac  circumflex  artery  and 
the  ascending  branch  of  the  lateral  femoral  circumflex  artery.  The  inferior  division 
crosses  the  Glutaeus  minimus  obliqudy  to  the  greater  trochanter,  distributing 
branches  to  the  Glutaei  and  anastomoses ^ith  the  lateral  femoral  circumflex  artery. 
Some  branches  pierce  the  Glutaeus  minimus  and  supply  the  hip-joint. 

Applied  Anatomy. — Any  of  these  three  vessels  may  require  to  be  ligatured  for  a  wound,  or 
for  aneurism  which  is  generally  traumatic.  The  superior  gluteal  artery  is  h'gatured  by  turning 
the  patient  two-thirds  over  on  to  his  face  and  making  an  incision  from  the  posterior  superior 
spine  of  the  ilium  to  the  upper  and  posterior  angle  of  the  greater  trochanter.  This  must  expose 
the  Glutaeus  maximus,  and  its  fibres  are  to  be  separated  through  the  whole  thickness  of  the 
muscle  and  pulled  apart  with  retractors.  The  contiguous  margins  of  the  Glutaeus  medius  and 
Piriformis  are  now  to  be  separated  from  each  other,  and  the  artery  will  be  exposed  emerging 
from  the  greater  sciatic  foramen.  In  ligature  of  the  inferior  gluteal  artery,  the  incision  should 
be  made  parallel  with  that  for  ligature  of  the  superior  gluteal  but  4  cm.  lower  down.  After  the 
fibres  of  the  Glutaeus  maximus  have  been  separated,  the  vessel  is  to  be  sought  for  at  the  lower 
border  of  the  Piriformis;  the  sciatic  nerve,  which  lies  just  above  it,  forms  the  chief- guide  to  the 
artery. 

The  External  Iliac  Artery  (A.  Iliaca  Externa)  (Fig.  615). 

The  external  iliac  artery  is  larger  than  the  hypogastric,  and  passes  obliquely 
downward  and  lateralward  along  the  medial  border  of  the  Psoas  major,  from  the 
bifurcation  of  the  common  iliac  to  a  point  beneath  the  inguinal  ligament,  midway 
between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis,  where 
it  enters  the  thigh  and  becomes  the  femoral  artery. 

BalatioiiB. — In  front  and  medially,  the  artery  is  in  relation  with  the  peritoneum,  subperitoneal 
areolar  tissue,  the  termination  of  the  ileum  and  frequently  the  vermiform  process  on  the  right 
side,  and  the  sigmoid  colon  on  the  left,  and  a  thin  layer  of  fascia,  derived  from  the  iliac  fascia, 
which  surrounds  the  artery  and  vein.  At  its  origin  it  is  crossed  by  the  ovarian  vessels  in  the 
female,  and  occasionally  by  the  ureter.  The  internal  spermatic  vessels  lie  for  some  distr  ace 
upon  it  near  its  termination,  and  it  is  crossed  in  this  situation  by  the  external  spermatic  branch 
of  the  genitofemoral  nerve  and  the  deep  iliac  circumflex  vein;  the  ductus  deferens  in  the  male, 
and  the  round  ligament  of  the  uterus  in  the  female,  cur\'e  down  across  its  medial  side.  Behind^ 
it  is  in  relation  with  the  medial  border  of  the  Psoas  major,  from  which  it  is  separated  by  the 
iliac  fascia.  At  the  upper  part  of  its  course,  the  external  iliac  vein  lies  partly  behind  it,  but  lower 
down  Ues  entirely  to  its  medial  side.  Laterally^  it  rests  against  the  Psoas  major,  from  which  it 
is  separated  by  the  iliac  fascia.  Numerous  lymphatic  vessels  and  lymph  glands  lie  on  the  front 
and  on  the  medial  side  of  the  vessel. 

Applied  Anatomy. — The  application  of  a  ligature  to  the  external  iliac  may  be  required  in 
cases  of  aneurism  of  the  femoral  artery,  iliofemoral  aneurism,  or  for  a  wound  of  the  artery.  The 
vessel  may  be  secured  in  any  part  of  its  course,  excepting  near  its  upper  end,  which  is  to  be  avoided 
on  account  of  the  proximity  of  the  hypogastric,  and  near  its  lower  end,  which  should  also  be 
avoided  on  account  of  the  proximity  of  the  inferior  epigastric  and  deep  iliac  circumflex  vessels. 
The  operation  may  be  performed  by  opening  the  abdomen  and  incising  the  peritoneum  over  the 
artery  {transperitoneal) ;  or  by  an  incision  in  the  iliac  region,  dividing  all  the  structures  down  to 
the  peritoneum,  which  is  then  reflected  medial  ward  unopened  from  the  iliac  fossa  until  the  artery 
is  reached  {retroperitoneal). 
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The  transperitoneal  ligature  requires  an  incision  through  the  abdominal  wall  into  the  peritoneal 
cavity.  The  intestines  are  then  pushed  upward  and  held  out  of  the  way  by  a  broad  abdominal 
retractor,  and  an  incision  made  through  the  peritoneum  at  the  margin  of  the  pelvis  in  the  course 
of  the  artery;  the  vessel  is  secured  in  any  part  of  its  course  which  may  seem  desirable  to  the 
operator.  The  advantages  of  this  operation  appear  to  be,  that  if  it  is  found  necessary,  the  common 
iliac  artery  can  be  ligatured  instead  of  the  external  iliac  without  extension  or  modification  of 
the  incision;  and  secondly,  that  the  vessel  can  be  ligatured  without  in  any  way  interfering  with 
the  sac  of  an  aneurism. 

The  retroperitoneal  ligature  may  be  performed  by  an  incision-  above  and  parallel  to  the  l&teral 
half  of  the  inguinal  ligament.  The  abdominal  muscles  and  transversalis  fascia  having  been 
cautiously  divided,  the  peritoneum  should  be  separated  from  the  iliac  fossa  and  raised  toward 
the  pelvis;  and  on  introducing  the  finger  to  the  bottom  of  the  wound,  the  artery  may  be  felt 
pulsating  along  the  medial  border  of  the  Psoas  major.  The  external  iliac  vein  is  generally  found 
on  the  medial  side  of  the  artery,  and  must  be  cautiously  separated  from  it,  and  the  aneurism 
needle  should  be  introduced  on  the  medial  side,  between  the  artery  and  vein. 

Collateral  Circulation. — ^The  principal  anastomoses  in  carrying  on  the  collateral  circulation, 
after  the  application  of  a  ligature  to  the  external  iliac,  are:  the  iliolumbar  with  the  iliac  circmn- 
flex;  the  superior  gluteal  with  the  lateral  femoral  circumflex;  the  obturator  with  the  medial  femoral 
circumflex;  the  inferior  gluteal  with  the  first  perforating  and  circumflex  branches  of  the  profunda 
artery;  and  the  internal  pudendal  with  the  external  pudendal.  When  the  obturator  arises  from 
the  inferior  epigastric,  it  is  supplied  with  blood"  by  branches,  from  either  the  hypogastric,  the 
lateral  sacral,  or  the  internal  pudendal.  The  inferior  epigastric  receives  its  supply  from  the 
internal  manmiary  and  lower  intercostal  arteries,  and  from  the  hypogastric  by  the  anastomoses 
of  its  branches  with  the  obturator.^ 

Branches. — Besides  several  small  branches  to  the  Psoas  major  and  the  neighbor- 
ing lymph  glands,  the  external  iliac  gives  off  two  branches  of  considerable  size : 

Inferior  Epigastric.  Deep  Iliac  Circumflex. 

The  inferior  epigastric  artery  (a.  epigastrica  inferior;  deep  epigastric  artery) 
(Fig.  623)  arises  from  the  external  iliac,  immediately  above  the  inguinal  ligament. 
It  curves  forward  in  the  subperitoneal  tissue,  and  then  ascends  obliquely  along 
the  medial  margin  of  the  abdominal  inguinal  ring;  continuing  its  course  upward, 
it  pierces  the  transversalis  fascia,  and,  passing  in  front  of  the  linea  semicircularis, 
ascends  between  the  Rectus  abdominis  and  the  posterior  lamella  of  its  sheath, 
k  finally  divides  into  numerous  branches,  which  anastomose,  above  the  umbilicus, 
with  the  superior  epigastric  branch  of  the  internal  mammary  and  with  the  lower 
intercostal  arteries  (Fig.  598).  As  the  inferior  epigastric  artery  passes  obliquely 
upward  from  its  origin  it-lies  along  the  lower  and  medial  margins  of  the  abdominal 
inguinal  ring,  and  behind  the  commencement  of  the  spermatic  cord.  The  ductus 
deferens,  as  it  leaves  the  spermatic  cord  in  the  male,  and  the  round  ligament  of  the 
uterus  in  the  female,  winds  around  the  lateral  and  posterior  aspects  of  the  artery. 

Branches. — ^The  branches  of  the  vessel  are :  the  external  spermatic  artery  {cremasteric 
artery)^  which  accompanies  the  spermatic  cord,  and  supplies  the  Cremaster  and 
otner  coverings  of  the  cord,  anastomosing  with  the  internal  spermatic  artery  (in 
the  fetnale  it  is  very  small  and  accompanies  the  round  ligament) ;  a  pubic  branch 
^uich  runs  along  the  inguinal  ligament,  and  then  descends  along  the  medial  margin 
ol  \V^  femoral  ring  to  the  back  of  the  pubis,  and  there  anastomoses  with  the  pubic 
v^^j^pch  of  the  obturator  artery;  muscular  branches,  some  of  which  are  distributed  to 
^j,e  abdominal  muscles  and  peritoneum,  anastomosing  with  the  iliac  circumflex 
^nd  lumbar  arteries;  branches    which    perforate  the    tendon  of  the  Obliquus 
externus,  and  supply  the  integument,  anastomosing  with  branches  of  the  super- 
ficial epigastric. 

Pecnliaritias. — The  ori^n  of  the  inferior  epigastric  may  take  place  from  any  part  of  the  external 
iliac  between  the  inguinal  ligament  and  a  point  6  cm.  above  it;  or  it  may  arise  below  this  ligament, 
from  the  femoral.  It  frequently  springs  from  the  external  iliac,  by  a  common  tnmk  with  the 
obturator.    Sometimes  it  arises  from  the  obturator,  the  latter  vessel  being  furnished  by  the 

'  Sir  .44Uev  Cooper  describes  In  Guy's  Hospital  Reports,  vol.  i,  the  di!»ection  of  a  limb  eighteen  years  after  successful 
bgature  of  the  external  iliac  artery. 
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hypogastric,  or  it  may  be  formed  of  two  branches,  one  derived  from  the  external  iliac,  the  other 
from  the  hypogastric. 

Applied  Anatomy. — The  inferior  epigastric  artery  has  important  surgical  relations,  and  is  one 
of  the  principal  means,  through  its  anastomosis  with  the  internal  manmiary,  of  establishing  the 
collateral  circulation  after  ligature  of  either  the  conmion  or  external  iliac  arteries.  It  lies  close 
to  the  abdominal  inguinal  ring,  and  is  therefore  medial  to  ^p.  oblique  inguinal  hernia,  but  lalercd 
to  a  direct  inguinal  hernia,  as  these  emerge  from  the  abdomen.  It  forms  the  lateral  boundary 
of  Hesselbach's  triangle,  and  is  in  close  relationship  with  the  spermatic  cord,  which  lies  in  front 
of  it  in  the  inguinal  canal,  separated  only  by  the  transversalis  fascia.  The  ductus  deferens  hooks 
around  its  lateral  side. 

The  deep  iliac  circumflex  artery  (a.  circumflexa  ilium  profunda)  arises  from  the 
lateral  aspect  of  the  external  iliac  nearly  opposite  the  inferior  epigastric  artery. 
It  ascends  obliquely  lateralward  behind  the  inguinal  ligament^  contained  in  a 
fibrous  sheath  formed  by  the  junction  of  the  transversalis  fascia  and  iliac  fascia, 
to  the  anterior  superior  iliac  spine,  where  it  anastomoses  with  the  ascending  branch 
of  the  lateral  femoral  circuniflex  artery.  It  then  pierces  the  transversalis  fascia 
and  passes  along  the  inner  lip  of  the  crest  of  the  ilium  to  about  its  middle,  where 
it  perforates  the  Trans  versus,  and  runs  backward  between  that  muscle  and  the 
Obliquus  internus,  to  anastomose  with  the  iliolumbar  and  superior  gluteal  arteries. 
Opposite  the  anterior  superior  spine  of  the  ilium  it  gives  off  a  large  branch,  which 
ascends  between  the  Obliquus  internus  and  Trans  versus  muscles,  supplying  them, 
and  anastomosing  with  the  lumbar  and  inferior  epigastric  arteries. 


THE  ARTERIES  OF  THE  LOWER  EXTREMITT. 

The  artery  which  supplies  the  greater  part  of  the  lower  extremity  is  the  direct 
continuation  of  the  external  iliac.  It  runs  as  a  single  trunk  from  the  inguinal 
ligament  to  the  lower  border  of  the  Popliteus,  where  it  divides  into  two  branches, 
the  anterior  and  posterior  tibial.  The  upper  part  of  the  main  trunk  is  named  the 
femoral,  the  lower  part  the  popliteal. 

THE  FEMORAL  ARTERT  (A.  FEMORALIS)  (Figs.  624,  625). 

The  femoral  artery  begins  immediately  behind  the  inguinal  ligament,  midw^ay 
between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis,  and 
passes  down  the  front  and  medial  side  of  the  thigh.  It  ends  at  the  junction  of  the 
middle  with  the  lower  third  of  the  thigh,  where  it  passes  through  an  opening  in 
the  Adductor  magnus  to  become  the  popliteal  artery.  The  vessel,  at  the  upper  part 
of  the  thigh,  lies  in  front  of  the  hip-joint;  in  the  lower  part  of  its  course  it  lies  to 
the  medial  side  of  the  body  of  the  femur,  and  between  these  two  parts,  where  it 
crosses  the  angle  between  the  head  and  body,  the  vessel  is  some  distance  from  the 
bone.  The  first  4  cm.  of  the  vessel  is  enclosed,  together  with  the  femoral  vein, 
in  a  fibrous  sheath — the  femoral  sheath.  In  the  upper  third  of  the  thigh  the  femoral 
artery  is  contained  in  the  femoral  triangle  (Scarpa's  triangle),  and  in  the  middle 
third  of  the  thigh,  in  the  adductor  canal  (Hunter's  canaV). 

The  femoral  sheath  (crural  sheath)  (Figs.  621,  622)  is  formed  by  a  prolongation 
downward,  behind  the  inguinal  ligament,  of  the  fasciae  which  line  the  abdomen, 
the  transversalis  fascia  being  continued  down  in  front  of  the  femoral  vessels  and 
the  iliac  fascia  behind  them.  The  sheath  assumes  the  form  of  a  short  funnel,  the 
wide  end  of  which  is  directed  upward,  while  the  lower,  narrow  end  fuses  with  the 
fascial  investment  of  the  vessels,  about  4  cm.  below  the  inguinal  ligament.  It  is 
strengthened  in  front  by  a  band  termed  the  deep  crural  arch  (page  509).  The  lateral 
wall  of  the  sheath  is  vertical  and  is  perforated  by  the  lumboinguinal  nerve;  the 
medial  wall  is  directed  obliquely  downward  and  lateralward,  and  is  pierced  by  the 
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US  vein  and  by  some  lymphatic  vessels.  The  sheath  is  divided  by 
)artitions  which  stretch  between  its  anterior  and  posterior  walls, 
mpartment  contains  the  femoral  artery,  and  the  intemiediate  the 
while  the  medial  and  smallest  compartment  is  named  the  femor&l 
tains  some  lymphatic  vessels  and  a  lymph  gland  imbedded  in  a  small 
olar  tissue.  The  femoral  canal  is  conical  and  measures  about  1.25 
Its  base,  directed  upward  and  named  the  femoral  ring,  is  oval  in 
diameter  being  directed  transversely  and  measuring  about  1,25  cm. 
ing  (Figs.  622,  623)  is  bounded  in  front  by  the  inguinal  ligament, 
Pectineus  covered  by  the  pectineal  fascia,  medially  by  the  erescentic 
cunar  ligament,  and  lateraUy  by  the  fibrous  septum  on  the  medial 
loral  vein.  The  spermatic  cord  in  the  male  and  the  round  ligament 
n  the  female  lie  immediately  above  the  anterior  margin  of  the  ring, 
rior  epigastric  vessels  are  close  to  its  upper  and  lateral  angle.  The 
s  closed  by  a  somewhat  condensed  portion  of  the  extraperitoneal 
lamed  the  septum  femuale  {crural  septum),  the  abdominal  surface 


>rts  a  small  lymph  gland  and  is  covered  by  the  parietal  layer  of  the 
The  septum  femorale  is  pierced  by  numerous  lymphatic  vessels 
he  deep  inguinal  tg^he  external  iliac  lymph  glands,  and  the  parietal 
imediatcly  above  it  presents  a  slight  depression  named  the  femoral 

I  triangle  {Ingonum  femorale;  Scar/m's  triangle)  (Fig.  624)  corre- 
depression  seen  immediately  below  the  fold  of  the  groin.  Its  apex 
ivmfard,  and  the  sides  are  formed  laterally  by  the  medial  margin 
s^medially  by  the  medial  margin  of  the  Adductor  longus,  and  above 
il  ligament.  The  floor  of  the  space  is  formed  from  its  lateral  to  its 
■  the  Iliacus,  Psoas  major,  Pectineus,  in  some  cases  a  small  part  of 
brevis,  and  the  Adductor  longus;  and  it  is  divided  into  two  nearly 

the  femoral  vessels,  which  extend  from  near  the  middle  of  its  base 
he  artery  giving  off  in  this  situation  its  superficial  and  profunda 

vein  receiving  the  deep  femoral  and  great  saphenous  tributaries. 

side  of  the  femoral  artery  is  the  femoral  nerve  dividing  into  its 
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branches.     Besides   the   vessels  and  nerves,  this  space  contains  some  fat  and 
lymphatics. 

The  adductor  canal  {canalis  adductoriiis;  Hunter'a  canal)  is  an  aponeurotic 
tunnel  in  the  middle  third  of  the  thigh,  extending  from  the  apex  of  the  femoral 
triangle  to  the  opening  in  the  Adductor  magnus.  It  is  bounded,  in  front  and  later- 
ally, by  the  Vastus  medialis;  behind  by  the  Adductores  longus  and  magnus;  and 
is  covered  in  by  a  strong  aponeurosis  which  extends  from  the  Vastus  medialis, 
across  the  femoral  vessels  to  the  Adductores  longus  and  magnus;  lying  on  the 
aponeurosis  is  the  Sartorius  muscle.  The  canal  contains  the  femoral  artery  and 
vein,  the  saphenous  nerve,  and  the  nerve  to  the  Vastus  medialis. 


Fid.  034.— The  left  femoral  ttianils, 

ScUtioiu  of  the  Femora]  Arteiy. — In  the  femoral  triangle  (Fig.  624)  the  artery  is  superficial. 

/fl  front  of  it  are  the  skin  and  superficial  (oecia,  the  superficial  subinguinttl  lymph  glands,  the 
wperficial  iliac  circumflex  vein,  the  superficial  layer  of  the  (ascia  lata  and  the  anterior  part  of 
tbe  femoral  ebcath.  The  lumboinKuiDal  nerve  courses  for  a  short  distance  within  the  lateral 
compartment  of  the  femoral  sheath,  and  lies  at  first  in  front  and  then  lateral  to  the  artery.  Near 
the  apex  ot  the  terrforal  triangle  the  medial  branch  of  the  anterior  femoral  cutaneous  nerve 
croMea  the  artery  from  its  lateral  to  its  medial  side. 

Behind  the  artery  are  the  posterior  part  of  the  femoral  sheath,  the  pectineal  fascia,  the  medial 
part  ot  the  tendon  of  the  Psoas  major,  the  Pectineus  and  the  ,\dductor  longus.  The  artery  is 
Kparated  from  the  capsule  of  the  hip-joint  by  the  tendon  of  the  Psoas  major,  from  tbe  Pectineus 
by  the  femoral  vein  and  profunda  vessels,  and  from  the  Adductor  longus  by  the  femoral  vein. 
The  nerve  to  the  Pectineus  passes  mcdialward  behind  the  artery.  On  the  lateral  side  of  the 
artery,  but  separated  from  it  by  some  fibrra  of  the  Psoas  major,  is  the  femoral  nerve.    The  femora 
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medial  aide  of  the  upper  part  of  the  artery,  but  is  behind  the  vessel  in  the  lower 
loral  triaDgle. 

tor  canal  (Fig.  625)  the  femoral  artery  is  more  deeply  situated,  being  covered  by 
:,  the  superficial  and  deep  fascie,  the  Sartorius  and  the  fibrous  roof  of  the  canal; 
nerve  crosaee  from  its  lateral  to  its  medial  side.  Behind  the  artery  are  the  Adduc- 
id  magnus;  in  front  and  lateral  to  it  ia  the  Vastus  medialis.  The  femoral  vein 
>  the  upper  part,  and  lateral  to  the  lower  part  of  the  artery 


•■arliadar  br.  </ 
tc«l  genietdar 

mp.  genicular 


Fia.  025.— Tbo  temorsl  srtery. 

. — Several  cases  are  recorded  in  which  the  femoral  artery  divided  into  two  trunks 
n  of  the  profunda,  and  became  reunited  near  the  opening  in  the  Adductor  mafpius, 
a  aingle  popliteal  artery.  One  occurred  in  a  patient  who  was  operat«d  upon  for 
rism.  A  few  cases  have  been  recorded  in  which  the  femoral  artery  was  absent, 
supplied  by  the  inferior  gluteal  artery  which  accompanied  the  sciatic  nerve  to  the 
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popliteal  fossa.  The  external  iliac  in  these  cases  was  small,  and  terminated  in  the  profimda. 
The  femoral  vein  is  occasionally  placed  along  the  medial  side  of  the  artery  throughout  the  entire 
extent  of  the  femoral  trangle;  or  it  may  be  split  so  that  a  large  vein  is  placed  on  either  side  of 
the  artery  for  a  greater  or  lesser  distance. 

Apiilied  Anatomy. — Compression  of  the  femoral  artery,  which  is  constantly  requisite  in  ampu- 
tations and  other  operations  on  the  lower  limb,  is  most  effectually  made  inamediately  below 
the  inguinal  ligament.  In  this  situation  the  artery  is  very  superficial,  and  is  merely  separated 
from  the  superior  ramus  of  the  pubis  by  the  Psoas  major;  here  digital  compression  will  effectually 
control  the  circulation  through  it.  The  vessel  may  also  be  controlled  in  the  middle  third  of  the 
thii^h  by  a  tourniquet,  which  presses  the  vessel  against  the  medial  side  of  the  body  of  the  female. 

The  superficial  position  of  the  femoral  artery  in  the  femoral  triangle  renders  it  particularly 
liable  to  be  injured  in  woimds,  stabs,  or  gunshot  injuries  in  the  groin.  On  account  of  the  close 
relationship  between  the  artery  and  vein,  the  latter  vessel  is  also  liable  to  be  wounded  in  these 
injuries.  In  such  cases,  the  artery  being  compressed  as  it  crosses  the  ramus  of  the  pubis,  the  ekin 
wound  should  be  enlarged  and  the  wound  in  the  vessel  sought  for,  and  a  ligature  applied  above 
and  below  the  bleeding  point. 

The  application  of  a  ligature  to  the  femoral  artery  may  be  required  in  cases  of  wound  or  aneu- 
rism of  the  popliteal,  femoral,  or  arteries  of  the  l^;  and  the  vessel  may  be  exposed  and  tied  in 
any  part  of  its  course.  The  most  favorable  situation  for  the  application  of  a  ligature  to  the  femoral 
is  at  the  apex  of  the  femoral  triangle.  In  order  to  reach  the  artery  in  this  situation,  an  incision 
7  cm.  long  should  be  made  in  the  course  of  the  vessel,  the  patient  lying  in  the  recumbent  posi- 
tion, with  the  limb  slightly  flexed  and  abducted,  and  rotated  outward.  A  large  vein  is  frequently 
met  with,  passing  in  the  course  of  the  artery  to  join  the  great  saphenous  vein;  this  must  be  avoided, 
and  the  fascia  lata  having  been  cautiously  divided,  and  the  Sartorius  displayed,  that  muscle 
must  be  drawn  lateralward,  in  order  to  expose  fully  the  sheath  of  the  vessels.  The  finger  having 
been  introduced  into  the  wound,  and  the  pulsation  of  the  artery  felt,  the  sheath  is  opened  on 
the  lateral  side  of  the  vessel  to  a  sufficient  extent  to  allow  of  the  introduction  of  the  aneurism 
needle.  In  this  part  of  the  operation  the  saphenous  nerve  and  the  nerve  to  the  Vastus  medialis, 
which  are  in  close  relation  with  the  sheath,  should  be  avoided.  The  aneurism  needle  must  be 
carefully  introduced  and  kept  close  to  the  artery,  to  avoid  the  femoral  vein,  which  lies  behind  the 
vessel  in  this  part  of  its  com^e,  and  is  very  closely  bound  up  with  it. 

To  expose  the  artery  in  the  adductor  canal,  an  incision  7  cm.  in  length  should  be  made  through 
the  integument,  a  finger's  breadth  medial  to  the  line  of  the  artery,  the  centre  of  the  incision  being 
in  the  middle  of  the  thigh — i.  e.,  midway  between  the  groin  and  the  knee.  The  fascia  lata  having 
been  divided,  and  the  lateral  border  of  the  Sartorius  exposed,  this  muscle  should  be  drawn  medial- 
ward,  wheii  the  strong  fascia  which  is  stretched  across  from  the  Adductors  to  the  Vastus  medialis 
will  be  observed,  and  must  be  freely  divided;  the  sheath  of  the  vessels  is  now  seen,  and  must  be 
opened,  and  the  artery  secured  by  passing  the  aneurism  needle  between  it  and  the  vein,  from 
the  lateral  to  the  medial  side  of  the  artery.  In  this  situation  the  femoral  vein  lies  lateral  to, 
and  the  saphenous  nerve  in  front  of  the  artery. 

CoUateral  Circulation. — After  ligature  of  the  femoral  artery,  the  main  channels  for  carrying 
on  the  circulation  are  the  anastomoses  between — (1)  the  superior  and  inferior  gluteal  branches 
of  the  hypogastric  with  the  medial  and  lateral  femoral  circiunflex  and  first  perforating  branches 
of  the  profunda  femoris;  (2)  the  obturator  branch  of  the  hypogastric  with  the  medial  femoral 
circumflex  of  the  profunda;  (3)  the  internal  pudendal  of  the  hypogastric  with  the  superficial 
and  deep  external  pudendal  of  the  femoral;  (4)  the  deep  iliac  circumflex  of  the  external  iliac  with 
the  lateral  femoral  circiunflex  of  the  profunda  and  the  superficial  iliac  circumflex  of  the  femoral, 
and  (5)  the  inferior  gluteal  of  the  hypogastric  with  the  perforating  branches  of  the  profunda. 

Branches. — ^The  branches  of  the  femoral  artery  are; 

Superficial  Epigastric.  Deep  External  Pudendal. 

Superficial  Iliac  Circumflex.  Muscular. 

Superficial  External  Pudendal.  Profunda  Femoris. 

Highest  Genicular. 

The  superficial  epigastric  artery  (a.  eyigastrica  svperficialis)  arises  from  the 
front  of  the  femoral  artery  about  1  cm.  below  the  inguinal  ligament,  and,  passing 
through  the  femoral  sheath  and  the  fascia  cribrosa,  turns  upward  in  front  of  the 
inguinal  ligament,  and  ascends  between  the  two  layers  of  the  superficial  fascia  of 
the  abdominal  wall  nearly  as  far  as  the  umbilicus.  It  distributes  branches  to  the 
superficial  subinguinal  lymph  glands,  the  superficial  fascia,  and  the  integument; 
it  anastomoses  with  branches  of  the  inferior  epigastric,  and  with  its  fellow  of  the 
opposite  side. 
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The  superficial  iliac  circumflex  artery  (a.  circumflexa  ilium  svperficialis),  the 
smallest  of  the  cutaneous  branches,  arises  close  to  the  preceding,  and,  piercing 
the  fascia  lata,  runs  lateralward,  parallel  with  the  inguinal  ligament,  as  far  as  the 
crest  of  the  ilium;  it  divides  into  branches  which  supply  the  integument  of  the 
groin,  the  superficial  fascia,  and  the  superficial  subinguinal  lymph  glands,  anas- 
tomosing with  the  deep  iliac  circumflex,  the  superior  gluteal  and  lateral  femoral 
circumflex  arteries. 

The  superficial  external  pudendal  artery  (a.  pudenda  externa  superficialis; 
superficial  external  pudic  artery)  arises  from  the  medial  side  of  the  femoral  artery, 
close  to  the  preceding  vessels,  and,  after  piercing  the  femoral  sheath  and  fascia 
cribrosa,  courses  medialward,  across  the  spermatic  cord  (or  round  ligament  in  the 
female),  to  be  distributed  to  the  integument  on  the  lower  part  of  the  abdomen, 
the  penis  and  scrotum  in  the  male,  and  the  labium  majus  in  the  female,  anasto- 
mosing with  branches  of  the  internal  pudendal. 

The  deep  external  pudendal  artery  (a.  pudenda  externa  profunda;  deep  external 
pudic  artery),  more  deeply  seated  than  the  preceding,  passes  medialward  across 
the  Pectineus  and  the  Adductor  longus  muscles;  it  is  covered  by  the  fascia  lata, 
which  it  pierces  at  the  medial  side  of  the  thigh,  and  is  distributed,  in  the  male, 
to  the  integument  of  the  scrotum  and  perineum,  in  the  female  to  the  labium  majus; 
its  branches  anastomose  with  the  scrotal  (or  labial)  branches  of  the  perineal  artery. 

Muscular  branches  (rami  musculares)  are  supplied  by  the  femoral  artery  to  the 
Sartorius,  Vastus  medialis,  and  Adductores. 

The  profunda  femoris  artery  (a.  profunda  femoris;  deep  femoral  artery)  (Fig. 
625)  is  a  large  vessel  arising  from  the  lateral  and  back  part  of  the  femoral  artery, 
from  2  to  5  cm.  below  the  inguinal  ligament.  At  first  it  lies  lateral  to  the  femoral 
artery;  it  then  runs  behind  it  and  the  femoral  vein  to  the  medial  side  of  the  femur, 
and,  passing  downward  behind  the  Adductor  longus,  ends  at  the  lower  third  of  the 
thigh  in  a  small  branch,  which  pierces  the  Adductor  magnus,  and  is  distributed 
on  the  back  of  the  thigh  to  the  hamstring  muscles.  The  terminal  part  of  the  pro- 
funda is  sometimes  named  the  fourth  perforating  artery. 

Relatioiui. — Behind  ity  from  above  downward,  are  the  Iliacus,  Pectineus,  Adductor  brevis, 
and  Adductor  magnus.  In  front  it  is  separated  from  the  femoral  artery  by  the  femoral  and  pro- 
funda veins  above  and  by  the  Adductor  longus  below.  Laterally,  the  origin  of  the  Vastus  medialis 
intervenes  between  it  and  the  femur. 

Peculiarities. — This  vessel  sometimes  arises  from  the  medial  side,  and,  more  rarely,  from  the 
back  of  the  femoral  artery;  but  a  more  important  peculiarity,  from  a  surgical  point  of  view,  is 
that  relating  to  the  height  at  which  the  vessel  arises.  In  three-fourths  of  a  large  number  of  cases 
it  arose  from  2.25  to  5  cm.  below  the  inguinal  ligament;  in  a  few  cases  the  distance  was  less  than 
2.25  cm.;  more  rarely,  opposite  the  ligament;  and  in  one  case  above  the  inguinal  ligament,  from 
the  external  iliac.  Occasionally  the  distance  between  the  origin  of  the  vessel  and  the  inguinal 
ligament  exceeds  5  cm. 

Branches. — ^The  profunda  gives  off  the  following  branches : 


Lateral  Femoral  Circumflex. 
Medial  Femoral  Circumflex. 


Perforating. 
Muscular. 


The  Lateral  Femoral  Circumflex  Artery  (a.  circumflexa  femoris  lateralis;  external 
circumflex  artery)  arises  from  the  lateral  side  of  the  profunda,  passes  horizontally 
between  the  divisions  of  the  femoral  nerve,  and  behind  the  Sartorius  and  Rectus 
femoris,  and  divides  into  ascending,  transverse,  and  descending  branches. 

The  ascending  branch  passes  upward,  beneath  the  Tensor  fasciae  latae,  to  the 
lateral  aspect  of  the  hip,  and  anastomoses  with  the  terminal  branches  of  the  superior 
gluteal  and  deep  iliac  circumflex  arteries. 

The  descending  branch  runs  downward,  behind  the  Rectus  femoris,  upon  the 
Vastus  lateralis,  to  which  it  gives  offsets;  one  long  branch  descends  in  the  muscle 
as  far  as  the  knee,  and  anastomoses  with  the  superior  lateral  genicular  branch  of 
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the  popliteal  artery.    It  is  accompanied  by  the  branch  of  the  femoral  nerve  to  the 
Vastus  lateralis. 

The  transTerse  branch,  the  smallest,  passes  lateralward  over  the  Vastus  inter- 
medius,  pierces  the  Vastus  lateralis,  and  winds  around  the  femur,  just  below  the 
greater  trochanter,  anastomosing  on  the  back  of  the  thigh  with  the  medial  femoral 
circumflex,  inferior  gluteal,  and  first  perforating  arteries. 

The  Medial  Femoral  Circumflex  Artery  (a.  circumflexa  femoris  medialis;  internal 
circumflex  artery)  arises  from  the  medial  and  posterior  aspect  of  the  profunda, 
and  winds  around  the  medial  side  of  the  femur,  passing  first  between  the  Pectineus 
and  Psoas  major,  and  then  between  the  Obturator  externus  and  the  Adductor 
brevis.      At  the  upper  border  of  the  Adductor  brevis  it  gives  off  two  branches: 
one  is  distributed  to  the  Adductores,  the  Gracilis,  ^nd  Obturator  externus,  and 
anastomoses  with  the  obturator  artery;  the  other  descends  beneath  the  Adductor 
brevis,  to  supply  it  and  the  Adductor  magnus;  the  continuation  of  the  vessel 
passes  backward  and  divides  into  superficial^  deep,  and  acetabular  branches.    The 
supeificial  branch  appears  between  the  Quadratus  femoris  and  upper  border  of  the 
Adductor  magnus,  and  anastomoses  with  the  inferior  gluteal,  lateral  femoral 
circumflex,  and  first  perforating  arteries  (crucial  anastomosis).    The  deep  branch 
runs  obliquely  upward  upon  the  tendon  of  the  Obturator  externus  and  in  front 
of  the  Quadratus  femoris  toward  the  trochanteric  fossa,  where  it  anastomoses 
with  twigs  from  the  gluteal  arteries.    The  acetabular  branch  arises  opposite  the 
acetabular  notch  and  enters  the  hip-joint  beneath  the  transverse  ligament  in  com- 
pany with  an  articular  branch  from  the  obturator  artery;  it  supplies  the  fat  in  the 
bottom  of  the  acetabulum,  and  is  continued  along  the  round  ligament  to  the  head 
of  the  femur. 

The  Perforating  Arteries  (Fig.  620),  usually  three  in  number,  are  so  named  because 
they  perforate  the  tendon  of  the  Adductor  magnus  to  reach  the  back  of  the  thigh. 
They  pass  backward  close  to  the  linea  aspera  of  the  femur  under  cover  of  small 
tendinous  arches  in  the  muscle.  The  first  is  given  off  above  the  Adductor  brevis, 
the  second  in  front  of  that  muscle,  and  the  third  immediately  below  it. 

The  first  perforating  artery  (a.  perforans  prima)  passes  backward  between  the  Pec- 
tineus and  Adductor  brevis  (sometimes  it  perforates  the  latter);  it  then  pierces 
the  Adductor  magnus  close  to  the  linea  aspera.  It  gives  branches  to  the  Adductores 
brevis  and  magnus.  Biceps  femoris,  and  Glutaeus  maximus,  and  anastomoses  with 
the  inferior  gluteal,  medial  and  lateral  femoral  circumflex  and  second  perforating 
arteries. 

The  second  perforating  artery  (a.  perforans  secunda),  larger  than  the  first,  pierces 
the  tendons  of  the  Adductores  brevis  and  magnus,  and  divides  into  ascending 
and  descending  branches,  which  supply  the  posterior  femoral  muscles,  anasto- 
mosing with  the  first  and  third  perforating.  The  second  artery  frequently  arises 
in  common  with  the  first.  The  nutrient  artery  of  the  femur  is  usually  given  off 
from  the  second  perforating  artery;  when  two  nutrient  arteries  exist,  they  usually 
spring  from  the  first  and  third  perforating  vessels. 

The  third  perforating  artery  (a.  perforans  tertia)  is  given  off  below  the  Adductor 
brevis;  it  pierces  the  Adductor  magnus,  and  divides  into  branches  which  supply 
the  posterior  femoral  muscles;  anastomosing  above  with  the  higher  perforating 
arteries,  and  below  with  the  terminal  branches  of  the  profunda  and  the  muscular 
branches  of  the  popliteal.  The  nutrient  artery  of  the  femur  may  arise  from  this 
branch.  The  termination  of  the  profunda  artery,  already  described,  is  sometimes 
termed  the  fourth  perforating  artery. 

Numerous  muscular  branches  arise  from  the  profunda;  some  of  these  end  in  the 
Adductores,  others  pierce  the  Adductor  magnus,  give  branches  to  the  hamstrings, 
and  anastomose  with  the  medial  femoral  circumflex  artery  and  with  the  superior 
muscular  branches  of  the  popliteal. 
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The  highest  genicular  artery  (a.  genu  suprema;  anastomotica  magna  artery)  (Fig. 
625)  arises  from  the  femoral  just  before  it  passes  through  the  opening  in  the 
tendon  of  the  Adductor  magnus,  and  immediately  divides  into  a  saphenous  and  a 
musculo-articular  branch. 

The  saphenous  branch  pierces  the  aponeurotic  covering  of  the  adductor  canal, 
and  accompanies  the  saphenous  nerve  to  the  medial  side  of  the  knee.  It  passes 
between  the  Sartorius  and  Gracilis,  and,  piercing  the  fascia  lata,  is  distributed  to 
the  integument  of  the  upper  and  medial  part  of  the  leg,  anastomosing  with  the 
medial  inferior  genicular  artery. 

The  musculoarticular  branch  descends  in  the  substance  of  the  Vastus  medialis, 
and  in  front  of  the  tendon  of  the  Adductor  magnus,  to  the  medial  side  of  the  knee, 
where  it  anastomoses'  with  the  medial  superior  genicular  artery  and  anterior  recur- 
rent tibial  artery.  A  branch  from  this  vessel  crosses  above  the  patellar  surface 
of  the  femur,  forming  an  anastomotic  arch  with  the  lateral  superior  genicular 
artery,  and  supplying  branches  to  the  knee-joint. 

THE  POPUTEAL  FOSSA  (Fig.  626). 

Dissection. — A  vertical  incisioa  about  eight  inches  in  length  should  be  made  along  the  back 
part  of  the  knee-joint,  connected  above  and  below  by  a  transverse  incision  from  the  inner  to  the 
outer  side  of  the  limb.  The  flaps  of  integument  included  between  these  incisions  should  be 
reflected  in  the  direction  shown  in  Fig.  570. 

Boundaries. — ^The  popliteal  fossa  or  space  is  a  lozenge-shaped  space,  at  the 
back  of  the  knee-joint.  Laterally  it  is  bounded  by  the  Biceps  femoris  above, 
and  by  the  Plantaris  and  the  lateral  head  of  the  Gastrocnemius  below;  mediallv 
it  is  limited  by  the  Semitendinous  and  Semimembranosus  above,  and  by  the  medial 
head  of  the  Gastrocnemius  below.  The  floor  is  formed  by  the  popliteal  surface 
of  the  femur,  the  oblique  popliteal  ligament  of  the  knee-joint,  the  upper  end  of  the 
tibia,  and  the  fascia  covering  the  Popliteus;  the  fossa  is  covered  in  by  the  fascia  lata. 

Contents. — ^The  popliteal  fossa  contains  the  popliteal  vessels,  the  tibial  and  the 
common  peroneal  nerves,  the  termination  of  the  small  saphenous  vein,  the  lower 
part  of  the  posterior  femoral  cutaneous  nerve,  the  articular  branch  from  the  obtur- 
ator nerve,  a  few  small  lymph  glands,  and  a  considerable  quantity  of  fat.  The 
tibial  nerv^e  descends  through  the  middle  of  the  fossa,  lying  under  the  deep  fascia 
and  crossing  the  vessels  posteriorly  from  the  lateral  to  the  medial  side.  The  com- 
mon peroneal  nerve  descends  on  the  lateral  side  of  the  upper  part  of  the  fossa,  close 
to  the  tendon  of  the  Biceps  femoris.  Oa  the  floor  of  the  fossa  are  the  popliteal 
vessels,  the  vein  being  superficial  to  the  artery  and  united  to  it  by  dense  areolar 
tissue;  the  vein  is  a  thick-walled  vessel,  and  lies  at  first  lateral  to  the  artery,  and 
then  crosses  it  posteriorly  to  gain  its  medial  side  below;  sometimes  it  is  double, 
the  artery  lying  between  the  two  veins,  which  are  usually  connected  by  short  trans- 
verse branches.  The  articular  branch  from  the  obturator  nerve  descends  upon  the 
artery  to  the  knee-joint.  The  popliteal  lymph  glands,  six  or  seven  in  number, 
are  imbedded  in  the  fat;  one  lies  beneath  the  popliteal  fascia  near  the  termination 
of  the  external  saphenous  vein,  another  between  the  popliteal  artery  and  the  back 
of  the  knee-joint,  while  the  others  are  placed  at  the  sides  of  the  popliteal  vessel. 
Arising  from  the  artery,  and  passing  off  from  it  at  right  angles,  are  its  genicular 
branches. 

The  Popliteal  Artery  (A.  PopUtea)  (Fig.  626). 

The  popliteal  artery  is  the  continuation  of  the  femoral,  and  courses  through  the 
popliteal  fossa.  It  extends  from  the  opening  in  the  Adductor  magnus,  at  the  junc- 
tion of  the  middle  and  lower  thirds  of  the  thigh,  downward  and  lateralward  to  the 
intercondyloid  fossa  of  the  femur,  and  then  vertical  downward  to  the  lower 
border  of  the  Popliteus,  where  it  divides  into  anterior  and  posterior  tibial  arteries. 
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E«lfttioiu. — In  front  of  the  aitery  from  above  downward  are  the  popliteal  surface  of  the  femur 
(which  is  separated  from  the  veeeel  by  some  fat),  the  back  of  the  knee-joiut,  and  the  fascia  cover- 
ini;  the  Popliteus.  Behind,  it  is  overlapped  by  the 
SemimembranoaUB  above,  and  is  covered  by  the 
GastrocQemiuB  and  Plantaris  below.  In  the  middle 
part  of  its  course  the  artery  is  separated  from  the 
integument  and  faacis  by  a  quantity  of  fat,  and  is 
crossed  from  the  lateral  to  the  medial  side  by  the 
tibial  nerve  and  the  popliteal  vein,  the  vein  being 
between  the  nerve  and  the  artery  and  closely  ad- 
herent to  the  latter.  On  its  laterul  side,  above,  are 
the  Biceps  femoria,  the  tibial  nerve,  the  popliteal 
vein,  and  the  lateral  condyle  of  the  femur;  below, 
the  Plantaris  and  the  lateral  head  of  the  Gastroc- 
nemius. On  its  medial  side,  above,  are  the  Semi-  i^-^j 
membranoauB  and  the  medial  condyle  of  the  femur; 
below,  the  tibial  nerve,  the  popliteal  vein,  and  the 
medial  head  of  the  Gastrocnemius.  The  relations 
of  the  popliteal  lymph  glands  to  the  artery  are 
described  above. 

F«e(iIiftritiM  in  Point  ot  Diidlioii. — Occasionally 
the  popliteal  artery  divides  into  its  terminal 
brancbes  opposite  the  knee-joint.  The  anterior 
tibial  under  these  circiunstances  usuaUy  passes  in 
front  of  the  Popliteus. 

ITnoaiul  BnuichM.  —  The  artery  sometimes 
divides  into  the  anterior  tibial  and  peroneal,  the 
posterior  tibial  being  wanting,  or  very  small.  Oc- 
casionally it  divides  into  three  branches,  the  ante- 
rior and  posterior  tibial,  and  peroneal. 

AppUed  Anatomy.— The  popliteal  artery  is  not 
infrequently  the  seat  of  injury.  It  may  be  torn 
by  direct  violence,  as  by  the  passage  of  a  cart  wheel 
over  the  knee,  or  by  hyperextetision  of  the  knee. 
It  may  also  be  lacerated  by  fracture  of  the  lower 
part  of  the  body  of  the  femiU',  or  by  antero-posterior 
dislocation  of  the  knee-joint.  It  has  been  torn  in 
breaking  down  adhesions  in  cases  of  fibrous  anky- 
losis of  the  knee,  and  is  in  danger  of  being  wounded, 
aJid  in  fact  haa  been  wounded,  in  performing  Mac- 
ewen's  operation  of  osteotomy  of  the  lower  end  of 
the  femur  for  genu  valgum.  The  popliteal  artery 
is  more  frequently  the  seat  of  aneurism  than  any 
other  artery  in  the  body,  with  the  exception  of  the 
thoracic  aorta.    No  doubt  this  is  due  in  a  great 

measure  to  tbe  amount  of  movement  to  which  it  ^ 

is  subjected,  and  to  the  fact  that  it  is  supported  *" 

by  loose  and  Ian  tissue  only,  and  not  by  muscles  as 
is  the  case  with  moat  arterice.  When  the  knee  is 
acutely  flexed  the  pophteal  artery  becomes  bent  on 
itself  to  such  an  extent  as  to  entirely  arrest  the  cir- 
fulation  through  it. 

Ligature  of  the  popliteal  artery  is  required  in 
cases  of  wound  of  the  vessel,  but  for  aneurism  it  is 
preferable  to  tie  the  femoral.  The  popliteal  may  g 
be  tied  in  the  upper  or  lower  part  of  its  course;  | 
but  in  the  middle  of  the  fossa  the  operation  is  at-  "S 
tended  with  considerable  difficulty,  from  the  great  ~^ 
depth  of  the  vessel,  and  from  the  extreme  degree  :i 
of  tension  of  the  lateral  and  medial  boundaries  of  ■^ 
the  fossa. 

In  order  to  expose  the  upper  part  of  the  vessel,  Th        r     i 

the  patient  should  be  placed  in  the  supine  posi-  '°'       '~    ^^oEeni  ■ri«rie»."'"^         '  '" 

tion,  with  the  knee  flexed  and  the  thigh  abducted 

and  rotated  outward,  so  that  It  rests  on  its  lateral  surface;  an  incision  7  or  8  cm.  in  length, 
beginning  at  the  junction  of  the  middle  and  lower  thirds  of  the  thigh,  is  to  be  made  parallel 
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to  and  immediately  behind  the  tendon  of  the  adductor  magnus,  and  the  skin,  superficial  and 
deep  fasciae  divided.  The  tendon  of  the  muscle  is  thus  exposed,  and  is  to  be  drawn  forward, 
and  the  hamstring  tendons  backward.  A  quantity  of  fatty  tissue  will  now  be  opened  up,  in 
which  the  artery  will  be  felt  pulsating.  This  is  to  be  separated  with  the  point  of  a  director 
until  the  artery  is  exposed.  The  vein  and  ner\'^e  will  not  be  seen,  as  they  lie  to  the  lateral  side 
of  the  artery.  The  sheath  is  to  be  opened  and  the  aneurism  needle  passed  from  before  backward, 
keeping  its  point  close  to  the  artery  for  fear  of  injuring  the  vein.  The  only  structure  to  avoid 
in  the  superficial  incision  is  the  great  saphenous  vein. 

To  expose  the  vessel  in  the  lower  part  of  its  course,  where  the  artery  lies  between  the  two 
heads  of  the  Gastrocnemius,  the  patient  should  be  placed  in  the  prone  position  with  the  limb 
extended.  An  incision  should  then  be  made  through  the  integument  in  the  middle  line,  commenc- 
ing opposite  the  bend  of  the  knee-joint,  care  being  taken  to  avoid  the  small  saphenous  vein  and 
the  medial  sural  cutaneous  nerve.  After  dividing  the  deep  fascia,  and  separating  some  dense 
cellular  tissue,  the  artery,  vein,  and  nerve  will  be  exposed,  between  the  two  heads  of  the  Gastroc- 
nemius. Some  muscular  branches  of  the  popliteal  should  be  avoided  if  possible,  or,  if  divided, 
tied  immediately.  The  leg  being  now  flexed,  in  order  the  more  efi'ectually  to  separate  the  two 
heads  of  the  Gastrocnemius,  the  nerve  should  be  drawn  medialward  and  the  vein  lateralward, 
and  the  aneurism  needle  passed  between  the  artery  and  yein  from  the  lateral  to  the  medial  side. 

Branches. — ^The  branches  of  the  popliteal  artery  are: 

T.^        ,       f  Superior  Lateral  Superior  Genicular. 

Muscular  ^  g^,^^,  j^^jjj,^  Genicular. 

Cutaneous.  Medial  Inferior  Genicular. 

Medial  Superior  Genicular  Lateral  Inferior  Genicular. 

The  superior  muscular  branches,  two  or  three  in  number,  arise  from  the  upper 
part  of  the  artery,  and  are  distributed  to  the  lower  parts  of  the  Adductor  magnus 
and  hamstring  muscles,  anastomosing  wuth  the  terminal  part  of  the  profunda 
femoris. 

The  sural  arteries  (aa.  surales;  inferior  muscular  arteries)  are  two  large  branches, 
which  are  distributed  to  the  Gastrocnemius,  Soleus,  and  Plantaris.  They  arise 
from  the  popliteal  artery  opposite  the  knee-joint. 

The  cutaneous  branches  arise  either  from  the  popliteal  artery  or  from  some  of 
its  branches;  they  descend  between  the  two  heads  of  the  Gastrocnemius,  and,, 
piercing  the  deep  fascia,  are  distributed  to  the  skin  of  the  back  of  the  leg.  One 
branch  usually  accompanies  the  small  saphenous  vein. 

The  superior  genicular  arteries  {aa.  genu  superiores;  superior  articular  arteries) 
(Figs.  625,  626),  two  in  number,  arise  one  on  either  side  of  the  popliteal,  and  wind 
around  the  femur  immediately  above  its  condyles  to  the  front  of  the  knee-joint.  The 
medial  superior  genicular  runs  in  front  of  the  Semimembranosus  and  Semitendinosus, 
above  the  medial  head  of  the  Gastrocnemius,  and  passes  beneath  the  tendon  of  the 
Adductor  magnus.  It  divides  into  two  branches,  one  of  which  supplies  the  Vastus 
medialis,  anastomosing  wuth  the  highest  genicular  and  medial  inferior  genicular 
arteries;  the  other  ramifies  close  to  the  surface  of  the  femur,  supplying  it  and  the 
knee-joint,  and  anastomosing  with  the  lateral  superior  genicular  artery.  The  medial 
superior  genicular  artery  is  frequently  of  small  size,  a  condition,  which  is  associated 
with  an  increase  in  the  size  of  the  highest  genicular.  The  lateral  superior  genicular 
passes  above  the  lateral  condyle  of  the  femur,  beneath  the  tendon  of  the  Biceps 
femoris,  and  divides  into  a  superficial  and  a  deep  branch;  the  superficial  branch 
supplies  the  Vastus  lateralis,  and  anastomoses  with  the  descending  branch  of  the 
lateral  femoral  circumflex  and  the  lateral  inferior  genicular  arteries;  the  deep 
branch  supplies  the  lower  part  of  the  femur  and  knee-joint,  and  forms  an  anasto- 
motic arch  across  the  front  of  the  bone  with  the  highest  genicular  and  the  medial 
inferior  genicular  arteries. 

The  middle  genicular  artery  (a.  genu  media;  azygos  articular  artery)  is  a  small 
branch,  arising  opposite  the  back  of  the  knee-joint.  It  pierces  the  oblique  popliteal 
ligament,  and  supplies  the  ligaments  and  synovial  membrane  in  the  interior  of 
the  articulation. 
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TheinferiorffeniculararteriesCaa.  j7«nu  tnferiores;  inferior  ariicular  arteries) (Figs. 
625,626),  two  in  number,  amc  from  the  popliteal  beneath  tlie  Gastrocnemius.  The 
tnwlikl  infeiioi  geniciilv  first  descends  along  the  upper  margin  of  the  Fopliteus,  to 
which  it  gives  branches ;  it  then  passes  below  the  medial  condyle  of  the  tibia,  beneath 
the  tibial  collateral  ligament,  at  the  anterior  border  of  which  it  ascends  to  the  front 
and  medial  side  of  the  joint,  to  supply  the  upper  end  of  the  tibia  and  the  articula- 
tion  of  the  knee,  anastomosing  with  the  lateral  inferior  and  medial  superior  genic- 
ular arteries.  The  lateral  interior  Kenicolar  runs  lateralward  above  the  head  of  the 
fibula  to  the  front  of  the  knee-joint,  passing  in  its  course  beneath  the  lateral  head 
of  the  Gastrocnemius,  the  fibular  collateral  ligament,  and  the  tendon  of  the  Biceps 
femoris.  It  ends  by  dividing  into  branches,  which  anastomose  with  the  medial 
inferior  and  lateral  superior  genicular  arteries,  and  with  the  anterior  recurrent 
tibial  artery. 

Higfitsl  gtnicuJar 


3ftisruIo-arlicvlar  branch  of 

highal  geniealar 
Saphenous  branth  of  highest 

Medial  saperior  genicular 
il  ntperior  gtniciJar 


■'-•»*eroI  ijiftrior  gtnieular 

Medial  inferior  genicular 
Fibula 
AiUericT  recarrtnt  [iWai 


Ttta  Anaatomosis  Aronnd  the  Enfle-J(^t  (Fig.  627).— ^Around  and  above  the  patella, 
and  on  the  contiguous  ends  of  the  femur  and  tibia,  is  an  intricate  net-work  of  vessels 
forming  a  superficial  and  a  deep  plexus.  The  Buperflcial  plexua  is  situated  between 
the  fascia  and  skin  around  about  the  patella,  and  forms  three  well-defined  arches: 
one,  above  the  upper  border  of  the  patella,  in  the  loose  connective  tissue  over  the 
Quadriceps  femoris;  the  other  two,  below  the  level  of  the  patella,  are  situated  in 
the  fat  behind  the  ligamentum  patellae. '  The  deep  plexus,  which  forms  a  close 
Drt-woit  of  vessels,  lies  on  the  lower  end  of  the  femur  and  upper  end  of  the  tibia 
around  their  articular  surfaces,  and  sends  numerous  offsets  into  the  interior  of  the 
joint.  The  arteries  which  form  this  plexus  are  the  two  medial  and  the  two  lateral 
genicular  branches  of  the  popliteal,  the  highest  genicular,  the  descending  branch 
of  the  lateral  femoral  circumflex,  and  the  anterior  recurrent  tibial. 
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The  Anterior  Tibial  Artery  (A.  TibiaUs  Anterior)  (Fig.  628). 

The  anterior  tibial  artery  commences  at  the  bifurcation  of  the  popliteal,  at  the 
lower  border  of  the  Popliteus,  passes  forward  between  the  tw^o  heads  of  the  Tibialis 
posterior,  and  through  the  aperture  above  the  upper  border  of  the  interosseous 
membrane,  to  the  deep  part  of  the  front  of  the  leg:  it  here  lies  close  to  the  medial 
side  of  the  neck  of  the  fibula.  It  then  descends  on  the  anterior  surface  of  the  inter- 
osseous membrane,  gradually  approaching  the  tibia;  at  the  lower  part  of  the  leg 
it  lies  on  this  bone,  and  then  on  the  front  of  the  ankle-joint,  where  it  is  more 
superficial,  and  becomes  the  dorsalis  podis. 

Relations. — In  the  upper  two-thirds  of  its  extenji,  the  anterior  tibial  artery  rests  upon  the  inter- 
osseous membrane;  in  the  lower  third,  upon  the  front  of  the  tibia,  and  the  anterior  ligament  of 
the  ankle-joint.  In  the  upper  third  of  its  course,  it  lies  between  the  Tibialis  anterior  and  Extensor 
digitorum  longus;  in  the  middle  third  between  the  Tibialis  anterior  and  Extensor  hallucis  longus. 
At  the  ankle  it  is  crossed  from  the  lateral  to  the  medial  side  by  the  tendon  of  the  Extensor  hallucis 
longus,  and  lies  between  it  and  the  first  tendon  of  the  Extensor  digitorum  longus.  It  is  covered 
in  the  upper  two-thirds  of  its  course,  by  the  muscles  which  lie  on  either  side  of  it,  and  by  the  deep 
fascia;  in  the  lower  third,  by  the  integument  and  fascia,  and  the  transverse  and  cruciate  crural 
ligaments. 

The  anterior  tibial  artery  is  accompanied  by  a  pair  of  venae  comitantes  which  lie  one  on  either 
side  of  the  artery;  the  deep  peroneal  nerve,  coursing  around  the  lateral  side  of  the  neck  of  the 
fibula,  comes  into  relation  with  the  lateral  side  of  the  artery  shortly  after  it  has  reached  the 
front  of  the  leg;  about  the  middle  of  the  leg  the  nerve  is  in  front  of  the  artery;  at  the  lower  part 
it  is  generally  again  on  the  lateral  side. 

Peculiarities  in  Sise. — This  vessel  may  be  diminished  in  size,  may  be  deficient  to  a  greater 
or  less  extent,  or  may  be  entirely  wanting,  its  place  being  supplied  by  perforating  branches  from 
the  posterior  tibial,  or  by  the  perforating  branch  of  the  peroneal  artery. 

Course. — The  artery  occasionally  deviates  toward  the  fibular  side  of  the  leg,  regaining  its 
usual  position  at  the  front  of  the  ankle.  In  rare  instances  the  vessel  has  been  found  to  approach 
the  surface  in  the  middle  of  the  leg,  being  covered  merely  by  the  integument  and  fascia  below 
that  point. 

Applied  Anatomy. — The  anterior  tibial  artery  is  liable  to  be  injured  in  fractures  of  the  lower 
third  of  the  tibia,  on  account  of  its  close  proximity  to  the  bone.  The  application  of  a  ligature 
to  the  vessel  is  rarely  required,  except  in  cases  of  wound  or  for  traumatic  aneurism.  The  opera- 
tion in  the  upper  third  of  the  leg  is  attended  with  great  difficulty  on  account  of  the  depth  of  the 
vessel  from  the  surface.  An  incision  about  10  cm.  in  length  is  made  in  the  line  of  the  artery  to 
about  a  hand's  breadth  below  the  level  of  the  knee-joint.  The  skin  and  superficial  structures 
having  been  divided  and  the  deep  fascia  exposed,  the  wound  must  be  carefully  dried,  its  edges 
retracted,  and  the  white  line  separating  the  TibiaUs  anterior  from  the  Extensor  digitorum  longus 
sought  for.  When  this  has  been  clearly  defined,  the  deep  fascia  is  to  be  divided  in  this  Uhe,  and 
the  Tibialis  anterior  separated  from  adjacent  muscles  until  the  interosseous  membrane  is  reached. 
The  foot  is  to  be  flexed  in  order  *to  relax  the  muscles,  and  upon  drawing  them  apart  the  artery 
will  be  found  lying  on  the  interosseous  membrane  with  the  nerve  lateral  or  superficial  to  it.  The 
nerve  should  be  drawn  lateralward,  the  venae  comitantes  separated  from  the  artery  and  the 
needle  passed  around  it. 

To  tie  the  vessel  in  the  lower  third  of  the  leg  above  the  ankle-joint,  an  incision  about  7  cm. 
in  length  should  be  made  through  the  integument  between  the  tendons  of  the  Tibialis  anterior 
and  Extensor  hallucis  longus,  the  deep  fascia  being  divided  to  the  same  extent.  The  tendon  on 
either  side  should  be  retracted,  when  the  vessel,  accompanied  by  the  venae  comitantes,  will  be 
seen  lying  upon  the  tibia,  with  the  nerve  on  the  lateral  side. 

Branches. — The  branches  of  the  anterior  tibial  artery  are: 

Posterior  Tibial  Recurrent.  Muscular. 

Fibular.  Anterior  Medial  Malleolar. 

Anterior  Tibial  Recurrent.  Anterior  Lateral  Malleolar. 

The  posterior  tibial  recurrent  artery  (a.  recurrens  tibialis  posterior)  an  inconstant 
branch,  is  given  off  from  the  anterior  tibial  before  that  vessel  passes  through  the 
interosseous  space.  It  ascends  in  front  of  the  Popliteus,  which  it  supplies,  and 
anastomoses  with  the  inferior  genicular  branches  of  the  popliteal  artery,  giving 
an  offset  to  the  tibiofibular  joint. 
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The  fibnlar  artery  is  sometimes  derived  from  the  anterior  tibial,  sometimes  from 
the  posterior  tibia).  It  passes  lateralward.  around  the  neck  of  the  fibula,  through 
the  Soleus,  which  it  supplies,  and  ends  in  the  substance  of  the  Peroneus  longus. 

The  anterior  tibial  recurrent  artery 
(a.  TecuTTens  tibialis  anterior)  arises 
from  the  anterior  tibial,  as  soon  as 
that  vessel  has  passed  through  the 
interosseous  space;  it  ascends  in  the 
Tihialis  anterior,  ramifies  on  the  front 
and  sides  of  the  knee-joint,  and  assists 
in  the  formation  of  the  patellar  plexus 
by  anastomosing  with  the  genicular 
branches  of  the  popliteal,  and  with  the 
highest  genicular  arterj'. 

The  muscular  branches  {rami  musciir- 
lares)  are  numerous;  they  are  distrib- 
uted to  the  muscles  which  lie  on  either 
side  of  the  vessel,  some  piercing  the 
deep  fascia  to  supply  the  integument, 
others  passing  through  the  interosseous 
membrane,  and  anastomosing  with 
branches  of  the  posterior  tibial  and 
peroneal  arteries. 

The  anterior  medial  malleolar  artery 
(o.  malleoiaria  anterior  medialis;  inter- 
nal malleolar  artery)  arises  about  5  cm. 
above  the  ankle-joint,  and  passes  be- 
hind the  tendons  of  the  Extensor 
hallucis  longus  and  Tibialis  anterior,  to 
the  medial  side  of  the  ankle,  upon  which 
it  ramifies,  anastomosing  with  branches 
of  the  posterior  tibial  and  medial  plantar 
arteries  and  with  the  medial  calcaneal 
from  the  posterior  tibial. 

The  anterior  lateral  malleolar  artery 
{a.  malleolaris  anterior  lateralis;  external 
malleolar    artery)   passes    beneath    the         PerJ.  \ 
tendons    of    the    Extensor    digitorum  P<™" 

longus  and  Peronaeus  tertius  and  sup-  ^^ 

plies    the   lateral    side  of    the    ankle,  raalit 

anastomosing  with  the  perforating 
branch  of  the  peroneal  arterj-,  and  with 
ascending  twigs  from  the  lateral  tarsal 
arterj'. 

The  arteries  around  the  ankle-joint 
anastomose  freely  with  one  another 
and  form  net-works  below  the  corre- 
sponding malleoli.  The  medial  malleolar 
net-work  is  formed  by  the  anterior 
medial  malleolar  branch  of  the  anterior 
tibial,  the  medial  tarsal  branches  of 
the  dorsalis  pedis,  the  posterior  medial 
malleolar  and  medial  calcaneal  branches 
of  the   posterior   tibial   and   branches       fio.  aa8.-Anterior  ubiai  .od  dcrMiis 
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from  the  medial  plantar  artery.  The  lateral  malleolar  net-work  is  formed  by  the 
anterior  lateral  malleolar  branch  of  the  anterior  tibial,  the  lateral  tarsal  branch 
of  the  dorsalis  pedis,  the  perforating  and  the  lateral  calcaneal  branches  of  the 
peroneal,  and  twigs  from  the  lateral  plantar  artery. 

The  Arteria  Dorsalis  Pedis  (Dorsalis  Pedis  Artery)  (Fig.  628). 

The  arteria  dorsalis  pedis,  the  continuation  of  the  anterior  tibial,  passes  for^'ard 
from  the  ankle-joint  along  the  tibial  side  of  the  dorsum  of  the  foot  to  the  proximal 
part  of  the  first  intermetatarsal  space,  where  it  divides  into  two  branches,  the  first 
dorsal  metatarsal  and  the  deep  plantar. 

Relations. — This  vessel,  in  its  course  forward,  rests  upon  the  front  of  the  articular  capsule 
of  the  ankle-joint,  the  talus,  navicular,  and  second  cuneiform  bones,  and  the  ligaments  connect- 
ing them,  being  covered  by  the  integument,  fascia  and  cruciate  ligament,  and  crossed  near  its 
termination  by  the  first  tendon  of  the  Extensor  digitorum  brevis.  On  its  tibial  side  is  the  tendon 
of  the  Extensor  hallucis  longus;  on  its  fibular  Me,  the  first  tendon  of  the  Extensor  digitorum 
longus,  and  the  termination  of  the  deep  peroneal  nerve.    It  is  accompanied  by  two  veins. 

Peculiarities  in  Size. — The  dorsal  artery  of  the  foot  may  be  larger  than  usual,  to  compensate 
for  a  deficient  plantar  artery;  or  its  terminal  branches  to  the  toes  may  be  absent,  the  toes  then 
being  supplied  by  the  medial  plantar;  or  its  place  may  be  taken  altogether  by  a  large  perforating 
branch  of  the  peroneal  artery. 

Position. — ^This  artery  frequently  curves  lateralward,  lying  lateral  to  the  line  between  the 
middle  of  the  ankle  and  the  back  part  of  the  first  interosseous  space. 

Applied  Anatomy. — This  artery  may  be  tied,  by  making  an  incision  5  cm.  in  length,  through 
the  integument,  on  the  fibular  side  of  the  tendon  of  the  Extensor  hallucis  longus,  in  the  interval 
between  it  and  the  medial  border  of  the  Extensor  digitorum  brevis.  The  incision  should  not 
extend  farther  forward  than  the  proximal  part  of  the  first  intermetatarsal  space,  as  the  artery 
divides  in  that  situation.  The  deep  fascia  being  divided  to  the  same  extent,  the  artery  will  be 
exposed,  the  deep  peroneal  nerve  lying  lateral  to  it. 

Branches. — ^The  branches  of  the  arteria  dorsalis  pedis  are: 

Lateral  Tarsal.  Arcuate. 

Medial  Tarsal.  First  Dorsal  Metatarsal. 

Deep  Plantar. 

The  lateral  tarsal  artery  (a.  tarsea  lateralis;  tarsal  artery)  arises  from  the  dorsalis 
pedis,  as  that  vessel  crosses  the  navicular  bone;  it  passes  in  an  arched  direction 
lateralward,  lying  upon  the  tarsal  bones,  and  covered  by  the  Extensor  digitorum 
brevis;  it  supplies  this  muscle  and  the  articulations  of  the  tarsus,  and  anaistomoses 
with  branches  of  the  arcuate,  anterior  lateral  malleolar  and  lateral  plantar  arteries, 
and  with  the  perforating  branch  of  the  peroneal  artery. 

The  medial  tarsal  arteries  {aa.  tarseae  mediales)  are  two  or  three  small  branches 
which  ramify  on  the  medial  borderof  the  foot  and  join  the  medial  malleolar  net-work. 

The  arcuate  artery  (a.  arcuata;  metatarsal  artery)  arises  a  little  anterior  to  the 
lateral  tarsal  artery;  it  passes  lateralward,  over  the  bases  of  the  metatarsal  bones, 
beneath  the  tendons  of  the  Extensor  digitorum  brevis,  its  direction  being  influenced 
by  its  point  of  origin;  and  it  anastomoses  with  the  lateral  tarsal  and  lateral  plantar 
arteries.  This  vessel  gives  off  the  second,  third,  and  fourth  dorsal  metatarsal  arteries, 
which  run  forward  upon  the  corresponding  Interossei  dorsales;  in  the  clefts  between 
the  toes,  each  divides  into  two  dorsal  digital  branches  for  the  adjoining  toes.  At 
the  proximal  parts  of  the  interosseous  spaces  these  vessels  receive  the  posterior 
perforating  branches  from  the  plantar  arch,  and  at  the  distal  parts  of  the  spaces 
they  are  joined  by  the  anterior  perforating  branches,  from  the  plantar  metatarsal 
arteries.  The  fourth  dorsal  metatarsal  artery  gives  off  a  branch  which  supplies 
the  lateral  side  of  the  fifth  toe. 

The  first  dorsal  metatarsal  artery  (a.  dorsalis  hallucis)  runs  forward  on  the  first 
Interosseous  dorsalis,  and  at  the  cleft  between  the  first  and  second  toes  divides 
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into  two  branches,  one  of  which  passes  beneath  the  tendon  of  the  Extensor  hallucis 
longus,  and  is  distributed  to  the  medial  border  of  the  great  toe;  the  other  bifurcates 
to  supply  the  adjoining  sides  of  the  great  and  second  toes. 

The  deep  plantar  artery  (ramus  plantaris  profundus;  communicating  artery) 
descends  into  the  sole  of  the  foot,  between  the  two  heads  of  the  first  Interosseous 
dorsalis,  and  unites  with  the  termination  of  the  lateral  plantar  artery,  to  complete 
the  plantar  arch.  It  sends  a  branch  along  the  medial  side  of  the  great  toe,  and  is 
continued  forward  along  the  first  interosseous  space  as  the  first  plantar  metatarsal 
artery,  which  bifurcates  for  the  supply  of  the  adjacent  sides  of  the  great  and  second 
toes. 

The  Posterior  Tibial  Artery  (A.  Tibialis  Posterior)  (Fig.  626). 

The  posterior  tibial  artery  begins  at  the  lower  border  of  the  Popliteus,  opposite 
the  interval  between  the  tibia  and  fibula;  it  extends  obliquely  downward,  and,  as 
it  descends,  it  approaches  the  tibial  side  of  the  leg,  lying  behind  the  tibia,  and  in 
the  lower  part  of  its  course  is  situated  midway  between  the  medial  malleolus  and 
the  medial  process  of  the  calcaneal  tuberosity.  Here  it  divides  beneath  the  origin 
of  the  Adductor  hallucis  into  the  medial  and  lateral  plantar  arteries. 

Belations. — The  posterior  tibial  artery  lies  successively  upon  the  Tibialis  posterior,  the  Flexor 
digitorum  longus,  the  tibia,  and  the  back  of  the  ankle-joint.  It  is  covered  by  the  deep  trans- 
verse fascia  of  the  leg,  which  separates  it  above  from  the  Gastrocnemius  and  Soleus;  at  its  termi- 
nation it  is  covered  by  the  Abductor  hallucis.  In  the  lower  third  of  the  leg,  where  it  is  more 
superficial,  it  is  covered  only  by  the  integmnent  and  fascia,  and  runs  parallel  with  the  medial 
border  of  the  tendo  calcaneus.  It  is  accompanied  by  two  veins,  and  by  the  tibial  nerve,  which 
lies  at  first  to  the  medial  side  of  the  artery,  but  soon  crosses  it  posteriorly,  and  is  in  the  greater 
part  of  its  course  on  its  lateral  side. 

BMnd  the  medial  malleolu8j  the  tendons,  bloodvessels,  and  nerve  are  arranged,  under  cover 
of  the  laciniate  ligament,  in  the  following  order  from  the  medial  to  the  lateral  side:  (1)  the 
tendons  of  the  Tibialis  posterior  and  Flexor  digitorum  longus,  lying  in  the  same  groove,  behind 
the  malleolus,  the  former  being  the  more  medial.  Next  is  the  posterior  tibial  artery,  with  a  vein 
on  either  side  of  it;  and  lateral  to  the  vessels  is  the  tibial  nerve;  about  1.25  cm.  nearer  the  heel 
is  the  tendon  of  the  Flexor  hallucis  longus. 

PeeuUarities  in  Size. — The  posterior  tibial  is  not  infrequently  smaller  than  usual,  or  absent, 
its  place  being  supplied  by  a  large  peroneal  artery,  which  either  joins  the  small  posterior  tibial 
artery,  or  continues  alone  to  the  sole  of  the  foot. 

Apiilied  Anatomy. — The  application  of  a  ligature  to  the  posterior  tibial  may  be  required  in 
cases  of  wound  of  the  sole  of  the  foot,  attended  with  great  hemorrhage,  when  the  vessel  should 
be  tied  at  the  ankle.  In  cases  of  wound  of  the  posterior  tibial,  it  will  be  necessary  to  enlarge  the 
opening  so  as  to  expose  the  vessel  at  the  wounded  point,  excepting  where  the  vessel  is  injured 
by  a  punctured  wound  from  the  front  of  the  leg.  In  cases  of  aneurism  from  woirnd  of  the  artery 
low  down,  the  vessel  should  be  tied  in  the  middle  of  the  leg. 

To  tie  the  posterior  tibial  artery  at  the  ankle,  a  semilunar  incision,  about  6  cm.  in  length, 
convex  backward,  should  be  made  through  the  integmnent,  midway  between  the  heel  and  the 
medial  malleolus,  or  a  little  nearer  the  latter.  The  subcutaneous  tissue  having  been  divided, 
a  strong  and  dense  fascia,  the  laciniate  (internal  annular)  ligament,  is  exposed.  This  ligament 
is  continuous  above  with  the  deep  fascia  of  the  leg,  covers  the  vessels  and  nerves,  and  is  intimately 
adherent  to  the  sheaths  of  the  tendons.  This  having  been  cautiously  divided  upon  a  director, 
the  sheath  of  the  vessels  is  exposed,  and,  being  opened,  the  artery  is  seen  with  one  of  the  venae 
comitantes  on  either  side.  The  aneurism  needle  should  be  passed  around  the  vessel  from  the 
heel  toward  the  ankle,  in  order  to  avoid  the  tibial  nerve,  care  at  the  same  time  being  taken  not 
to  include  the  venae  comitantes. 

The  vessel  may  also  be  tied  in  the  lower  third  of  the  leg  by  making  an  incision  about  8  cm. 
in  length,  parallel  with  the  medial  border  of  the  tendo  calcaneus.  The  great  saphenous  vein 
being  carefully  avoided,  the  two  layers  of  fascia  must  be  divided  upon  a  director,  when  the 
artery  is  exposed  along  the  lateral  margin  of  the  Flexor  digitorum  longus,  with  one  of  its  venae 
comitantes  on  either  side,  and  the  nerve  lying  lateral  to  it. 

Ligature  of  the  posterior  tibial  in  the  liiiddle  of  the  leg  is  a  very  difficult  operation,  on  account 
of  the  great  depth  of  the  vessel  from  the  surface.  The  patient  being  placed  in  the  recumbent 
position,  the  injured  limb  should  rest  on  its  fibular  side,  the  knee  being  partially  bent,  and  the 
foot  extended,  so  as  to  relax  the  muscles  of  the  calf.  An  incision  about  10  cm.  in  length  should 
then  be  made  through  the  integument,  a  finger's  breadth  behind  the  medial  margin  of  the  tibia, 
care  being  taken  to  avoid  the  great  saphenous  vein.    The  deep  fascia  having  been  divided,  the 
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marf^n  of  the  Gastrocnemius  is  exposed,  and  must  be  drawn  aside,  and  the  tibial  attachment 
of  the  Soleus  divided.  The  artery  may  now  be  felt  pulsating  beneath  the  deep  transverse  fascia, 
about  2.5  cm.  from  the  margin  of  the  tibia.  This  fascia  having  been  divided,  and  the  limb  placed 
in  such  a  position  as  to  relax  the  muscles  of  the  calf  as  much  as  possible,  the  veins  should  be  sepa- 
rated from  the  artery  and  the  aneurism  needle  passed  around  the  vessel  from  the  lateral  to  the 
medial  side,  so  as  to  avoid  wounding  the  tibial  nerve. 

Branches. — ^The  branches  of  the  posterior  tibial  artery  are: 

Peroneal.  Posterior  Medial  Malleolar. 

Nutrient.  Communicating. 

Muscular.  Medial  Calcaneal. 

The  peroneal  artery  (a.  peronaea)  is  deeply  seated  on  the  back  of  the  fibular 
side  of  the  leg.  It  arises  from  the  posterior  tibial,  about  2.5  cm.  below  the  lower 
border  of  the  Popliteus,  passes  obliquely  toward  the  fibula,  and  then  descends 
along  the  medial  side  of  that  bone,  contained  in  a  fibrous  canal  between  the  Tibialis 
posterior  and  the  Flexor  hallucis  longus,  or  in  the  substance  of  the  latter  muscle. 
It  then  runs  behind  the  tibiofibular  syndesmosis  and  divides  into  lateral  calcaneal 
branches  which  ramify  on  the  lateral  and  posterior  surfaces  of  the  calcaneus. 

It  is  covered,  in  the  upper  part  of  its  course,  by  the  Soleus  and  deep  transverse 
fascia  of  the  leg;  below,  by  the  Flexor  hallucis  longus. 

Peculiarities  in  Origin. — The  peroneal  artery  may  arise  7  or  8  cm.  below  the  Popliteus,  or  from 
the  posterior  tibial  high  up,  or  even  from  the  popliteal. 

Its  sise  is  more  frequently  increased  than  diminished;  and  then  it  either  reinforces  the  posterior 
tibial  by  its  junction  with  it,  or  altogether  takes  the  place  of  the  posterior  tibial  in  the  lower 
part  of  the  leg  and  foot,  the  latter  vessel  only  existing  as  a  short  muscular  branch.  In  those 
rare  cases  where  the  peroneal  artery  is  smaller  than  usual,  a  branch  from  the  posterior  tibial 
supplies  its  place;  and  a  branch  from  the  anterior  tibial  compensates  for  the  diminished  anterior 
peroneal  artery.    In  one  case  the  peroneal  artery  was  entirely  wanting. 

Branches. — ^The  branches  of  the  peroneal  are: 

Muscular.  Perforating. 

Nutrient.  Communicating. 

Lateral  Calcaneal. 

Muscular  Branches. — The  peroneal  artery,  in  its  course,  gives  oflF  branches  to 
the  Soleus,  Tibialis  posterior.  Flexor  hallucis  longus,  and  Peronei. 

The  Nutrient  Artery  (a.  nutricia  fibulae)  supplies  the  fibula,  and  is  directed 
downward. 

The  Perforating  Branch  (ramus  perforans;  anterior  peroneal  artery)  pierces  the 
interosseous  membrane,  about  5  cm.  above  the  lateral  malleolus,  to  reach  the  front 
of  the  leg,  where  it  anastomoses  with  the  anterior  lateral  malleolar;  it  then  passes 
down  in  front  of  the  tibiofibular  syndesmosis,  gives  branches  to  the  tarsus,  and 
anastomoses  with  the  lateral  tarsal.  The  perforating  branch  is  sometimes  enlarged, 
and  takes  the  place  of  the  dorsalis  pedis  artery. 

The  Commonicating  Branch  (ramus  communicans)  is  given  off  from  the  peroneal 
about  2.5  cm.  from  its  lower  end,  and  joins  the  communicating  branch  of  the 
posterior  tibial. 

The  Lateral  Calcaneal  (ramus  calcaneus  lateralis;  external  calcaneal)  are  the  ter- 
minal branches  of  the  peroneal  artery;  they  pass  to  the  lateral  side  of  the  heel, 
and  communicate  with  the  lateral  malleolar  and,  on  the  back  of  the  heel,  with  the 
medial  calcaneal  arteries. 

The  nutrient  artery  (a.  nutricia  tibiae)  of  the  tibia  arises  from  the  posterior 
tibial,  near  its  origin,  and  after  supplying  a  few  muscular  branches  enters  the 
nutrient  canal  of  the  bone,  which  it  traverses  obliquely  from  above  downward. 
This  is  the  largest  nutrient  artery  of  bone  in  the  body. 
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The  muscular  branches  of  the  posterior  tibial  are  distributed  to  the  Soleus  and 
deep  muscle!)  along  the  back  of  the  leg. 

The  posterior  medial  malleolar  artei7  (a.  malleolaris  posterior  mediaiis;  internal 
malleolar  artery)  is  a  small  branch  which  winds  around  the  tibial  malleolus  and 
ends  in  the  medial  malleolar  net- work. 

The  eommiuiicatiiMr  branch  {ramvs  communicana)  runs  transversely  across  the 
back  of  the  tibia,  about  5  cm.  above  its  lower  end,  beneath  the  Flexor  hallucis 
longus,  and  joins  the  communicating  branch  of  the  peroneal. 

The  medial  calcaneal  {rami  calcanei  mediates;  internal  calcaneal)  are  several 
large  arteries  which  arise  from  the  posterior  tibial  just  before  its  division;  they 
pierce  the  laciniate  ligament  and  are  distributed  to  the  fat  and  integument  behind 
the  tendo  calcaneus  and  about  the  heel,  and  to  the  muscles  on  the  tibial  side  of 
the  sole,  anastomosing  with  the  peroneal  and  medial  malleolar  and,  on  the  back 
of  the  heel,  with  the  lateral  calcaneal  arteries. 


Fia.  S2S. — Tha  pUoUr  orMriea.     BuperficUl  view.  Fio.  830.— Tbe  ploDtsr  ■rleri«,     De«p  vie*. 

The  medial  r^*"^**  artery  (a.  plantaria  medialis;  internal  plantar  artery)  (Figs. 
629  and  630),  much  smaller  than  the  lateral,  passes  forward  along  the  medial  side 
of  the  foot.  It  is  at  first  situated  above  the  Abductor  hallucis,  and  then  between 
it  and  the  Flexor  digitorum  brevis,  both  of  which  it  supplies.  At  the  base  of  the 
lirst  metatarsal  bone,  where  it  is  much  diminished  in  size,  it  passes  along  the  medial 
border  of  the  first  toe,  anastomosing  with  the  first  dorsal  metatarsal  artery.  Small 
superficial  digital  branches  accompany  the  digital  branches  of  the  medial  plantar 
ner\-e  and  join  the  plantar  metatarsal  arteries  of  the  first  three  spaces. 

The  lateral  planter  arteiy  {a.  plantaria  lateralis;  external  plantar  artery),  much 
larger  than  the  medial,  passes  obliquely  lateralward  and  forward  to  the  base  of 
the  fifth  metatarsal  bone.  It  then  turns  medialward  to  the  interval  between  the 
bases  of  the  first  and  second  metatarsal  bones,  where  it  unites  with  the  deep  plantar 
branch  of  the  dorsalis  pedis  artery,  thus  completing  the  plantar  arch.  As  this  artery 
passes  lateralward,  it  is  first  placed  between  the  calcaneus  and  Abductor  hallucis, 
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and  then  between  the  Flexor  digitorum  brevis  and  Quadratus  plantae;  as  it  runs 
forward  to  the  base  of  the  little  toe  it  lies  more  superficially  between  the  Flexor 
digitorum  brevis  and  Abductor  digiti  quinti,  covered  by  the  plantar  aponeurosis 
and  integument.  The  remaining  portion  of  the  vessel  is  deeply  situated;  it  extends 
from  the  base  of  the  fifth  metatarsal  bone  to  the  proximal  part  of  the  first  inter- 
osseous space,  and  forms  the  plantar  arch;  it  is  convex  forward,  lies  below  the  bases 
of  the  second,  third,  and  fourth  metatarsal  bones  and  the  corresponding  Interossei, 
and  upon  the  oblique  part  of  the  Adductor  hallucis. 

Applied  Anatomy. — Wounds  of  the  plantar  arch  are  always  serious,  on  account  of  the  depth 
of  the  vessel  and  the  important  structures  which  must  be  interfered  with  in  an  attempt  to  l^ar- 
ture  it.  They  must  be  treated  on  similar  lines  to  those  of  wounds  of  the  volar  arches  (see  p.  682). 
Pressure  locally,  combined  with  elevation  of  the  limb,  may  in  some  cases  be  sufficient  to  arrest 
the  bleeding,  but  this  failing,  an  attempt  should  be  made  to  find  the  bleeding  point  and  ligature 
it.  Should  this  prove  unsuccessful,  it  may  be  necessary  to  ligature  the  femoral  below  the  origin 
of  the  profunda  femoris,  as  ligature  of  the  anterior  and  posterior  tibial  arteries  may  not  be 
sufficient  to  control  the  hemorrhage,  and  it  is  safer  and  quicker  to  tie  the  femoral  under  the 
circumstances. 

Branches. — ^The  plantar  arch,  besides  distributing  numerous  branches  to  the 
muscles,  integument,  and  fasciae  in  the  sole,  gives  off  the  following  branches: 

Perforating.  Plantar  Metatarsal. 

The  Perforating  Branches  {rami  perf or  antes)  are  three  in  number;  they  ascend 
through  the  proximal  parts  of  the  second,  third,  and  fourth  interosseous  spaces, 
between  the  heads  of  the  Interossei  dorsales,  and  anastomose  with  the  dorsal 
metatarsal  arteries. 

The  Plantar  Metatarsal  Arteries  {aa,  metaiarseae  planiares;  digital  branches)  are 
four  in  number,  and  run  forward  between  the  metatarsal  bones  and  in  contact 
with  the  Interossei.  Each  divides  into  a  pair  of  plantar  digital  arteries  which  sup- 
ply the  adjacent  sides  of  the  toes.  Near  their  points  of  division  each  sends  upward 
an  anterior  perforating  branch  to  join  the  corresponding  dorsal  metatarsal  artery. 
The  first  plantar  metatarsal  artery  {arteria  princeps  haUucis)  springs  from  the  junc- 
tion between  the  lateral  plantar  and  deep  plantar  arteries  and  sends  a  digital 
branch  to  the  medial  side  of  the  first  toe.  The  digital  branch  for  the  lateral  side 
of  the  fifth  toe  arise  from  the  lateral  plantar  artery  near  the  base  of  the  fifth 
metatarsal  bone. 


THE  VEINS. 


T^HE  Veins  convey  the  blood  from  the  capillaries  of  the  different  parts  of  the 
-*-  body  to  the  heart.  They  consist  of  two  distinct  sets  of  vessels,  the  pulmonary 
and  systemic. 

The  Pulmonary  Veins,  unlike  other  veins,  contain  arterial  blood,  which  they  return 
from  the  lungs  to  the  left  atrium  of  the  heart. 

The  Systemic  Veins  return  the  venous  blood  from  the  body  generally^  to  the 
right  atrium  of  the  heart.  /  /t^  '^, 

The  Portal  Vein,  an  appendage  to  the  systemic  venous  system,  is  confined  to 
the  abdominal  cavity,  and  returns  the  venous  blood  from  the  spleen  and  the  viscera 
of  digestion  to  the  liver.  This  vessel  ramifies  in  the  substance  of  the  liver  and  there 
breaks  up  into  a  minute  network  of  capillary-like  vessels,  from  which  the  blood 
is  conveyed  by  the  hepatic  veins  to  the  inferior  vena  cava. 

The  veins  commence  by  minute  plexuses  which  receive  the  blood  from  the  capil- 
laries. The  branches  arising  from  these  plexuses  unite  together  into  trunks,  and 
these,  in  their  passage  toward  the  heart,  constantly  increase  in  size  as  they  receive 
tributaries,  or  join  other  veins.  The  veins  are  larger  and  altogether  more  numerous 
than  the  arteries;  hence,  the  entire  capacity  of  the  venous  system  is  much  greater 
than  that  of  the  arterial;  the  capacity  of  the  pulmonary  veins,  however,  only 
slightly  exceeds  that  of  the  pulmonary  arteries.  The  veins  are  cylindrical  like  the 
arteries;  their  walls,  however,  are  thin  and  they  collapse  when  the  vessels  are 
empty,  and  the  uniformity  of  their  surfaces  is  interrupted  at  intervals  by  slight 
constrictions,  which  indicate  the  existence  of  valves  in  their  interior.  They  com- 
municate very  freely  with  one  another,  especially  in  certain  regions  of  the  body; 
and  these  conmiunications  exist  between  the  larger  trunks  as  well  as  between  the 
smaller  branches.  Thus,  between  the  venous  sinuses  of  the  cranium,  and  between 
the  veins  of  the  neck,  where  obstruction  would  be  attended  with  imminent  danger 
to  the  cerebral  venous  system,  large  and  frequent  anastomoses  are  found.  The 
same  free  communication  exists  between  the  veins  throughout  the  whole  extent 
of  the  vertebral  canal,  and  between  the  veins  composing  the  various  venous  plexuses 
in  the  abdomen  and  pelvis,  e,  g,,  the  spermatic,  uterine,  vesical,  and  pudendal. 

The  systemic  venous  channels  are  subdivided  into  three  sets,  viz.,  superficial 
and  deep  yeins,  and  yenoas  sinuses.  ^ 

The  Superficial  Veins  {cutaneous  veins)  are  found  between  the  layers  of  the 
superficial  fascia  immediately  beneath  the  skin;  they  return  the  blood  from  these 
structures,  and  communicate  with  the  deep  veins  by  perforating  the  deep  fascia. 

The  Deep  Veins  accompany  the  arteries,  and  are  usually  enclosed  in  the  same 
sheaths  with  those  vessels.  With  the  smaller  arteries — as  the  radial,  ulnar,  brachial, 
tibial,  peroneal — ^they  exist  generally  in  pairs,  one  lying  on  each  side  of  the  vessel, 
and  are  called  venae  comitantes.*  The  larger  arteries — such  as  the  axillary,  sub- 
clavian, popliteal,  and  femoral — have  usually  only  one  accompanying  vein.  In 
certain  organs  of  the  body,  however,  the  deep  veins  do  not  accompany  the  arteries; 
for  instance,  the  veins  in  the  skull  and  vertebral  canal,  the  hepatic  veins  in  the  liver, 
and  the  larger  veins  returning  blood  from  the  bones. 

Venous  Sinuses  are  found  only  in  the  interior  of  the  skull,  and  consist  of  canals 
formed  by  a  separation  of  the  two  layers  of  the  dura  mater;  their  outer  coat  con- 
sists of  fibrous  tissue,  their  inner  of  an  endothelial  layer  continuous  with  the  lining 
membrane  of  the  veins. 
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THE  PTJLMONABT  VEINS  (VENAE  PULMONALES). 

The  pulmonary  veins  return  the  arterialized  blood  from  the  lungs  to  the  left 
atrium  of  the  heart.  They  are  four  in  number,  two  from  each  lung,  and  are  desti- 
tute of  valves.  The  commence  in  a  capillary  net-work  upon  the  w^alls  of  the  air  sacs, 
where  they  are  continuous  with  the  capillar\'  ramifications  of  the  pulmonar\^  artery, 
and,  joining  together,  form  one  vessel  for  each  lobule.  These  vessels  uniting 
successively,  form  a  single  trunk  for  each  lobe,  three  for  the  right,  and  two  for 
the  left  lung.  The  vein  from  the  middle  lobe  of  the  right  lung  generally  unites 
with  that  from  the  upper  lobe,  so  that  ultimately  two  trunks  from  each  lung  are 
formed;  they  perforate  the  fibrous  layer  of  the  pericardium  and  open  separately 
into  the  upper  and  back  part  of  the  left  atrium.  Occasionally  the  three  veins 
on  the  right  side  remain  separate.  Not  infrequently  the  two  left  pulmonary 
veins  end  by  a  common  opening. 

At  the  root  of  the  lung,  the  superior  pulmonary  vein  lies  in  front  of  and  a  little 
below  the  pulmonary  artery;  the  inferior  is  situated  at  the  lowest  part  of  the  hilus 
of  the  lung  and  on  a  plane  posterior  to  the  upper  vein.  Behind  the  pulmonary 
artery  is  the  bronchus. 

Within  the  pericardium,  their  anterior  surfaces  are  invested  by  the  serous  layer 
of  this  membrane. 

The  right  pulmonary  veins  pass  behind  the  right  atrium  and  superior  vena  cava; 
the  left  in  front  of  the  descending  thoracic  aorta. 


THE  SYSTEMIC  VEINS. 

The  systemic  veins  may  be  arranged  into  three  groups :  (1 )  The  veins  of  the  heart. 
(2)  The  veins  of  the  upper  extremities,  head,  neck,  and  thorax,  which  end  in  the 
superior  vena  cava.  (3)  The  veins  of  the  lower  extremities,  abdomen,  and  pelvis, 
which  end  in  the  inferior  vena  cava. 

THE  VEINS  OF  THE  HEART  (W.  Cordis)   (Fig.  631). 

Coronary  Sinus  (sinus  coronarius). — Most  of  the  veins  of  the  heart  open  into 
the  coronary  sinus.  This  is  a  wide  venous  channel  about  2.25  cm.  in  length 
situated  in  the  posterior  part  of  the  coronary  sulcus,  and  covered  by  muscular 
fibres  from  the  left  atrium.  It  ends  in  the  right  atrium  between  the  opening  of 
the  inferior  vena  cava  and  the  atrioventricular  aperture,  its  orifice  being  gual^ded 
by  a  semilunar  valve,  the  valve  of  the  coronary  sinus  (valve  of  Thebesius). 

Tributaries. — Its  tributaries  are  the  great,  small,  and  middle  cardiac  veins,  ^he 
posterior  vein  of  the  left  ventricle,  and  the  oblique  vein  of  the  left  atrium,  all  of 
which,  except  the  last,  are  provided  with  valves  at  their  orifices. 

1.  The  Great  Cardiac  Vein  (v,  cordis  viagna;  left  coronary  vein)  begins  at  the  apex 
of  the  heart  and  ascends  along  the  anterior  longitudinal  sulcus  to  the  base  of  the 
ventricles.  It  then  curves  to  the  left  in  the  coronary  sulcus,  and  reaching  the 
back  of  the  heart,  opens  into  the  left  extremity  of  the  coronary  sinus.  It  receives 
tributaries  from  the  left  atrium  and  from  both  ventricles:  one,  the  left  marginal 
vein,  is  of  considerable  size,  and  ascends  along  the  left  margin  of  the  heart. 

2.  The  SmaU  Cardiac  Vein  (v.  cordis  parva;  right  coronary  vein)  runs  in  the  coronary 
sulcus  between  the  right  atrium  and  ventricle,  and  opens  into  the  right  extremity 
of  the  coronary  sinus.  It  receives  blood  from  the  back  of  the  right  atrium  and 
ventricle;  the  right  marginal  vein  ascends  along  the  right  margin  of  the  heart  and 
joins  it  in  the  coronary  sulcus,  or  opens  directly  into  the  right  atrium. 
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3.  The  Middle  Cardiac  Vein  {v.  cordis  media)  commences  at  the  apex  of  the  heart, 
ascends  in  the  posterior  lon^tudinal  sulcus,  and  ends  in  the  coronary'  sinus  near 
its  right  extremity. 

4.  The  FoBteriot  Vein  of  the  Left  Tetitricle  (c.  posterior  ventriculi  sinisiri)  runs  on 
the  diaphragmatic  surface  of  the  left  ventricle  to  the  coronarj'  sinus,  but  may  end 
in  the  great  cardiac  vein. 

5.  The  Oblique  Vein  of  the  Left  Atrium  {v.  obliqua  alrii  sinistri\Marskatli];  oblique 
rein  o/  Marshall)  is  a  small  vessel  which  descends  obliquely  on  the  back  of  the  left 
atrium  and  ends  in  the  coronary  sinus  near  its  left  extremity;  it  is  continuous  above 
Kith  the  ligament  of  the  left  veca  gbt&  {lig.  venae  cavae  sinistrae;  vestigial  fold  of 
Marshall),  and  the  two  structures  form  the  remnant  of  the  left  Cuverian  duct. 

A^ygot  vein 


(Miqaevtinojkfli 
Qnat  cardiac  vein 
Lefl  margiaai  vein 


The  following  cardiac  veins  do  not  end  in  the  coronarj-  sinus:  (1)  the  anterior 
""I'M  Teins,  comprising  three  or  four  small  vessels  which  collect  blood  from  the 
front  of  the  right  ventricle  and  open  into  the  right  atrium;  the  right  marginal  vein 
frequently  opens  into  the  right  atrium,  and  is  therefore  sometimes  regarded  as 
belonging  to  this  group;  (2)  the  smallest  cardiac  Teina  (veins  of  Thebesivs),  con- 
sisting of  a  number  of  minute  veins  which  arise  in  the  muscular  wall  of  the  heart; 
the  majority  open  into  the  atria,  but  a  few  end  in  the  ventricles. 


THE  TEraS  OF  THE   HEAD  AND  NECK. 

Ihe  veins  of  the  head  and  neck  mav  be  subdivided  into  three  groups:  (1)  The 
TOM  of  the  exterior  of  the  head  and  face'  (2)  The  veina  of  the  neck.  (3)  The  diploic 
veiSB,  the  veins  at  the  brain,  and  the  venoua  sinuses  of  the  dura  mater. 
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The  Veins  of  the  Exterior  of  the  Head  and  Face  (Fig.  633). 

The  veins  of  the  exterior  of  the  head  and  face  are: 

Frontal.  Superficial  Temporal 

Supraorbital.  Internal  Maxillary. 

Angular.  Posterior  Facial. 

Anteriol"  Facial.  Posterior  Auricular. 
Occipital. 


The  frontal  vein  (v.  frontalis)  begijis  on  the  forehead  in  a  venous  plexus  which 
communicates  with  the  frontal  branches  of  the  superficial  temporal  vein.  The 
veins  converge  to  form  a  single  trunk,  which  runs  downward  near  the  middle  line 
of  the  forehead  parallel  with  the  vein  of  the  opposite  side.  The  two  veins  are  joined, 
at  the  root  of  the  nose,  by  a  transverse  branch,  called  the  nasal  arch,  which  receives 
some  small  veins  from  the  dorsum  of  the  nose.  At  the  root  of  the  nose  the  veins 
diverge,  and,  each  at  the  medial  angle  of  the  orbit,  joins  the  supraorbital  vein,  to 
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form  the  ani^ar  vein.  Occasionally  the  frontal  veins  join  to  form  a  single  trunk, 
which  bifurcates  at  the  root  of  the  nose  into  the  two  angular  veins. 

The  supraorbital  vein  (v.  supraorbitalis)  begins  on  the  forehead  where  it  com- 
municates with  the  frontal  branch  of  the  superficial  temporal  vein.  It  runs  down- 
ward superficial  to  the  Frontalis  muscle,  and  joins  the  frontal  vein  at  the  medial 
angle  of  the  orbit  to  form  the  aninilftr  vein.  Previous  to  its  junction  with  the  frontal 
vein,  it  sends  through  the  supraorbital  notch  into  the  orbit  a  branch  which  com- 
municates with  the  ophthalmic  vein;  as  this  vessel  passes  through  the  notch,  it 
receives  the  frontal  diploic  vein  through  a  foramen  at  the  bottom  of  the  notch. 

The  angular  vein  {v,  angularis)  formed  by  the  junction  of  the  frontal  and  supra- 
orbital veins,  runs  obliquely  downward,  on  the  side  of  the  root  of  the  nose,  to  the 
level  of  the  lower  margin  of  the  orbit,  where  it  becomes  the  anterior  facial  vein. 
It  receives  the  veins  of  the  ala  nasi,  and  communicates  with  the  superior  ophthalmic 
vein  through  the  nasofrontal  vein,  thus  establishing  an  important  anastomosis 
between  the  anterior  facial  vein  and  the  cavernous  sinus. 

The  anterior  facial  vein  (v.  fcunaJis  anterior;  facial  vein)  commences  at  the  side 
of  the  root  of  the  nose,  and  is  a  direct  continuation  of  the  angular  vein.  It  lies 
behind  the  external  maxillary  (facial)  artery  and  follows  a  less  tortuous  course. 
It  runs  obliquely  downward  and  backward,  beneath  the  zygomaticus  and  zygo- 
matic head  of  the  Quadratus  labii  superioris,  descends  along  the  anterior  border 
and  then  on  the  superficial  surface  of  the  Masseter,  crosses  over  the  body  of  the 
mandible,  and  passes  obliquely  backward,  beneath  the  Platysma  and  cervical 
fascia,  superficial  to  the  submaxillar^^  gland,  the  Digastricus  and  Stylohyoideus. 
It  unites  with  the  posterior  facial  vein  to  form  the  common  facial  vein,  which 
crosses  the  external  carotid  artery  and  enters  the  internal  jugular  vein  at  a  vari- 
able point  below  the  hyoid  bone.  From  near  its  termination  a  communicating 
branch  often  runs  down  the  anterior  border  of  the  Sternocleidomastoideus  to  join 
the  lower  part  of  the  anterior  jugular  vein. 

Tributaries. — ^The  anterior  facial  vein  receives  a  branch  of  considerable  size, 
the  deep  facial  vein,  from  the  pterygoid  venous  plexus.  It  is  also  joined  by  the 
superior  and  inferior  palpebral,  the  superior  and  inferior  labial,  the  buccinator 
and  the  masseteric  veins.  Below  the  mandible  it  receives  the  submental,  palatine, 
and  submaxillary  veins,  and,  generally,  the  vena  comitans  of  the  hypoglossal  nerve. 

Applied  Anatomy. — There  are  some  points  about  the  anterior  facial  vein  which  render  it  of 
great  importance  in  surgery.  It  is  not  so  flaccid  as -are  most  superficial  veins,  and,  in  consequence 
of  this,  remains  more  patent  when  divided.  It  has,  moreover,  no  valves.  It  conununicates 
freely  with  the  intracranial  circulation,  not  only  at  its  conunencement  by  the  angular  and  supra- 
orbital veins  which  comiuunicate  with  the  ophthalmic  vein,  a  tributary  of  the  cavernous  sinus, 
but  also  by  the  deep  facial  vein,  which  communicates  through  the  pterygoid  plexus  with  the 
cavernous  sinus  by  branches  which  pass  through  the  foramen  ovale  and  foramen  lacerum  (see 
p.  746).  These  facts  have  an  important  bearing  upon  the  surgery  of  some  diseases;  any  phlegmo- 
nous inflammation  of  the  face  following  a  poisoned  wound  is  liable  to  set  up  thrombosis  in  the 
anterior  facial  vein,  and  detached  portions  of  the  clot  may  give  rise  to  purulent  foci  in  other 
parts  of  the  body.  On  account  of  its  communications  with  the  cerebral  sinuses,  these  thrombi 
are  apt  to  extend  upward  into  them,  and  so  induce  a  fatal  issue;  this  has  been  known  to  follow  in 
cases  of  ordinary  carbuncle  of  the  face.  The  position  of  the  vein  should  always  be  borne  in  mind 
when  incisions  are  made  for  the  relief  of  suppuration  about  the  mandible. 

The  superficial  temporal  vein  (v,  temporalis  suyerfixnalis)  begins  on  the  side  and 
vertex  of  the  skull  in  a  plexus  which  communicates  with  the  frontal  and  supra- 
orbital veins,  with  the  corresponding  vein  of  the  opposite  side,  and  with  the  pos- 
terior auricular  and  occipital  veins.  From  this  net-work  frontal  and  parietal  branches 
arise,  and  unite  above  the  zygomatic  arch  to  form  the  trunk  of  the  vein,  which  is 
joined  in  this  situation  by  the  middle  temporal  vein,  from  the  substance  of  the  Tem- 
poralis. It  then  crosses  the  posterior  root  of  the  zygomatic  arch,  enters  the  sub- 
stance of  the  parotid  gland,  and  unites  with  the  internal  maxillary  vein  to  form  the 
posterior  facial  vein. 
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Tributaries. — ^The  superficial  temporal  vein  receives  in  its  course  some  parotid 
veins,  articular  veins  from  the  temporomandibular  joint,  anterior  auricular  veins 
from  the  auricula,  and  the  transverse  facial  from  the  side  of  the  face.  The  middle 
temporal  vein  receives  the  orbital  vein,  which  is  formed  by  some  lateral  palpebral 
branches,  and  passes  backward  between  the  layers  of  the  temporal  fascia  to  join 
the  superficial  temporal  vein. 

The  pterygoid  plexus  {plexus  pterygoideus)  is  of  considerable  size,  and  is  situated 
between  the  Temporalis  and  Pterygoideus  externus,  and  partly  between  the  two 
Pterygoidei.  It  receives  tributaries  corresponding  with  the  branches  of  the  internal 
maxillary  artery.  Thus  it  receives  the  sphenopalatine,  the  middle  meningeal,  the 
deep  temporal,  the  pterygoid,  masseteric,  buccinator,  alveolar,  and  some  palatine 
veins,  and  a  branch  which  communicates  with  the  ophthalmic  vein  through  the 
inferior  orbital  fissure.  This  plexus  communicates  freely  with  the  anterior  facial 
vein;  it  also  communicates  with  the  cavernous  sinus,  by  branches  through  the 
foramen  Vesalii,  foramen  ovale,  and  foramen  lacerum. 

The  internal  maxillary  vein  (v,  maxillaris  irderna)  is  a  short  trunk  which  accom- 
panies the  first  part  of  the  internal  maxillary  artery.  It  informed  by  a  confluence 
of  the  veins  of  the  pterygoid  plexus,  and  passes  backward  between  the  spheno- 
mandibular  ligament  and  the  neck  of  the  mandible,  and  unites  with  the  temporal 
vein  to  form  the  posterior  facial  vein. 

The  posterior  facial  vein  {v,  facialis  posterior;  temporomaxillary  vein),  formed 
by  the  union  of  the  superficial  temporal  and  internal  maxillary  veins,  descends  in 
the  substance  of  the  parotid  gland,  superficial  to  the  external  carotid  artery  but 
beneath  the  facial  nerve,  between  the  ramus  of  the  mandible  and  the  Sternocleido- 
mastoideus  muscle.  It  divides  into  two  branches,  an  anterior,  which  passes  forward 
and  unites  with  the  anterior  facial  vein  to  form  the  common  facial  vein  and  a  pos- 
terior, which  is  joined  by  the  posterior  auricular  vein  and  becomes  the  external 
jugular  vein. 

The  posterior  auricular  vein  {v.  auricvlaris  posterior)  begins  upon  the  side  of 
the  head,  in  a  plexus  which  communicates  with  the  tributaries  of  the  occipital, 
and  superficial  temporal  veins.  It  descends  behind  the  auricula,  and  joins  the 
posterior  division  of  the  posterior  facial  vein  to  form  the  external  jugular.  It 
receive  the  stylomastoid  vein,  and  some  tributaries  from  the  cranial  surface  of  the 
auricula. 

The  occipital  vein  (u.  occipitalis)  begins  in  a  plexus  at  the  back  part  of  the  vertex 
of  the  skull,  From  the  plexus  emerges  a  single  vessel,  which  pierces  the  cranial 
attachment  of  the  Trapezius  and,  dipping  into  the  suboccipital  triangle,  joins  the 
deep  cervical  and  vertebral  veins.  Occasionally  it  follows  th^ course  of  the  occipital 
artery  and  ends  in  the  internal  jugular;  in  other  instances,  it  joins  the  posterior 
auricular  and  through  it  opens  into  the  external  jugular.  The  parietal  emissary 
vein  connects  it  with  the  superior  sagittal  sinus;  and  as  it  passes  across  the  mastoid 
portion  of  the  temporal  bone,  it  receives  the  mastoid  emissary  vein  which  connects 
it  with  the  transverse  sinus.    The  occipital  diploic  vein  sometimes  joins  it. 

The  Veins  of  the  Neck  (Fig.  633). 

The  veins  of  the  neck,  which  return  the  blood  from  the  head  and  face,  are: 

External  Jugular.  Anterior  Jugular. 

Posterior  External  Jugular.  Internal  Jugular. 

Vertebral. 

« 

The  external  jufinilftr  vein  (».  jvgularis  externa)  receives  the  greater  part  of  the 
blood  from  the  exterior  of  the  cranium  and  the  deep  parts  of  the  face,  being  formed 
by  the  junction  of  the  posterior  division  of  the  posterior  facial  with  the  posterior 
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auricular  vein.  It  commences  in  the  substance  of  the  parotid  gland,  on  a  level 
with  the  angle  of  the  mandible,  and  runs  perpendicularly  down  the  neck,  in  the 
direction  of  a  line  drawn  from  the  angle  of  the  mandible  to  the  middle  of  the  clavicle 
at  the  posterior  border  of  the  Sternocleldomastoideus.  In  its  course  it  crosses 
the  Stemocleidomastoideus  obliquely,  and  in  the  subclavian  triangle  perforates 
the  deep  fascia,  and  ends  in  the  subclavian  vein,  lateral  to  or  in  front  of  the  Scalenus 
aDterior.  It  is  separated  from  the  Stemocleidomastoideus  by  the  investing  layer 
of  the  deep  cer\ica!  fascia,  and  is  covered  by  the  Platysma,  the  superficial  fascia, 
and  the  integument;  it  crosses  the  cutaneous  cervical  nerve,  and  its  upper  half 
runs  parallel  with  the  great  auricular  nerve.    The  external  jugular  vein  varies  in 


size,  bearing  an  inverse  proportion  to  the  other  veins  of  the  neck,  it  is  occasionally 
double.  It  is  provided  with  two  pairs  of  valves,  the  lower  pair  being  placed  at 
Its  entrance  into  the  subclavian  vein,  the  upper  in  most  cases  about  4  cm.  above  the 
clavicle.  The  portion  of  vein  between  the  two  sets  of  valves  is  often  dilated,  and 
is  termed  the  simu.  These  valves  do  not  prevent  the  regurgitation  of  the  blood, 
or  the  passage  of  injection  from  below  upward. 

Tributaries. — This  vein  receives  the  occipital  occasionally,  the  posterior  external 
jugular,  and,  near  its  termination,  the  transverse  cervical,  transverse  scapular,  and 
anterior  jugular  veins;  in  the  substance  of  the  parotid,  a  large  branch  of  commu- 
nication from  the  internal  jugular  joins  it. 
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A]iplied  Anatomy. — Venesection  used  formerly  to  be  performed  on  the  external  jugular  vein, 
but  is  now  probably  never  resorted  to.  The  anatomical  point  to  be  remembered  in  performing 
this  operation  is  to  cut  across  the  fibres  of  the  Platysma  in  opening  the  vein,  so  that  by  their 
contraction  they  will  expose  the  orifice  in  the  vein  and  so  allow  the  flow  of  blood. 

The  posterior  external  jugular  vein  (v,  jugularis  posterior)  begins  in  the  occipital 
region  and  returns  the  blood  from  the  skin  and  superficial  muscles  in  the  upper  and 
back  part  of  the  neck,  lying  between  the  Splenius  and  Trapezius.  It  runs  down 
the  back  part  of  the  neck;  and  opens  into  the  external  jugular  vein  just  below  the 
middle  of  its  course. 

The  anterior  jugular  vein  {v.  jugularis  anterior)  begins  near  the  hyoid  bone  by 
the  confluence  of  several  superficial  veins  from  the  submaxillary  region.  It  descends 
between  the  median  line  and  the  anterior  border  of  the  Sternocleidomastoideus, 
and,  at  the  lower  part  of  the  neck,  passes  beneath  that  muscle  to  open  into  the  ter- 
mination of  the  external  jugular,  or,  in  some  instances,  into  the  subclavian  vein 
(Figs.  632,  633).  It  varies  considerably  in  size,  bearing  usually  an  inverse  propor- 
tion to  the  external  jugular;  most  frequently  there  are  two  anterior  jugulars,  a 
right  and  left;  but  sometimes  only  one.  Its  tributaries  are  some  laryngeal  veins, 
and  occasionally  a  small  thyroid  vein.  Just  above  the  sternum  the  two  anterior 
jugular  veins  communicate  by  a  transverse  trunk,  the  yenous  joinilar  arch,  which 
receive  tributaries  from  the  inferior  thvroid  veins;  each  also  communicates  with  the 
internal  jugular.    There  are  no  valves  in  this  vein. 

The  internal  jugular  vein  {v.  jugularis  interna)  collects  the  blood  from  the  brain, 
from  the  superficial  parts  of  the  face,  and  from  the  neck.  It  is  directly  continuous 
with  the  transverse  sinus,  and  begins  in  the  posterior  compartment  of  the  jugular 
foramen,  at  the  base  of  the  skull.  At  its  origin  it  is  somewhat  dilated,  and  this 
dilatation  is  called  the  superior  bulb.  It  runs  down  the  side  of  the  neck  in  a  vertical 
direction,  lying  at  first  lateral  to  the  internal  carotid  artery,  and  then  lateral 
to  the  common  carotid,  and  at  the  root  of  the  neck  unites  with  the  subclavian  vein 
to  form  the  innominate  vein;  a  little  above  its  termination  is  a  second  dilatation, 
the  inferior  bulb.  Above,  it  lies  upon  the  Rectus  capitis  lateralis,  behind  the  internal 
carotid  artery  and  the  nerves  passing  through  the  jugular  foramen;  lower  down, 
the  vein  and  artery  lie  upon  the  same  plane,  the  glossopharyngeal  and  hypoglossal 
nerves  passing  forward  between  them;  the  vagus  descends  between  and  behind 
the  vein  and  the  artery  in  the  same  sheath,  and  the  accessory  runs  obliquely 
backward,  superficial  or  deep  to  the  vein.  At  the  root  of  the  neck  the  right  internal 
jugular  vein  is  placed  at  a  little  distance  from  the  common  carotid  artery-,  and 
crosses  the  first  part  of  the  subclavian  artery,  while  the  left  internal  jugular  vein 
usually  overlaps  the  common  carotid  artery.  The  left  vein  is  generally  smaller 
than  the  right,  and  each  contains  a  pair  of  valves,  which  are  placed  ubout  2.5  cm. 
above  the  termination  of  the  vessel. 

Tributaries. — ^This  vein  receives  in  its  course  the  inferior  petrosal  sinus,  the 
common  facial,  lingual,  pharyngeal,  superior  and  middle  thyroid  veins,  and  some- 
times the  occipital.  The  thoracic  duct  on  the  left  side  and  the  right  lymphatic 
duct  on  the  right  side  open  into  the  angle  of  union  of  the  internal  jugular  and 
subclavian  veins. 

The  Inferior  Petrosal  Sinus  (sinu^  petrosus  inferior)  leaves  the  skull  through  the 
anterior  part  of  the  jugular  foramen,  and  joins  the  superior  bulb  of  the  internal 
jugular  vein. 

The  Lingual  Veins  (w.  linguales)  begin  on  the  dorsum,  sides,  and  under  surface 
of  the  tongue,  and,  passing  backward  along  the  course  of  the  lingual  artery,  end 
in  the  internal  jugular  vein.  The  vena  comitans  of  the  hypoglassal  nerve  (ranine 
vein),  a  branch  of  considerable  size,  begins  below  the  tip  of  the  tongue,  and  may 
join  the  lingual;  generally,  however,  it  passes  backward  on  the  Hyoglossus,  and 
joins  the  common  facial. 
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The  PfaaiTiiKeftl  Veins  {vv.  pharyngeae)  begin  in  the  phurngeal  plexns  on  the  outer 
surface  of  the  pharynx,  and,  after  receiving  some  posterior  meningeal  veins  and  the 
vein  of  the  pter^-goid  canal,  end  in  the  internal  jugular.  They  occasionally  open 
into  the  facial,  lingual,  or  superior  thyroid  vein. 

The  Saperior  Thyroid  Vein  (b.  thyreoidea  snperiom)  (Fig.  634)  begiTis  in  the  sub- 
stance and  on  the  surface  of  the  thyroid  gland,  by  tributaries  corresponding  with 
the  branches  of  the  superior  thyroid  artery,  and  ends  in  the  upper  part  of  the 
internal  jugular  vein.    It  receives  the  superior  laryngeal  and  cricothyroid  veins. 

The  Middle  Thyroid  Vein  (Fig.  634)  collects  the  blood  from  the  lower  part  of  the 
thyroid  gland,  and  after  being  joined  by  some  veins  from  the  larynx  and  trachea, 
ends  in  the  lower  part  of  the  internal  jugular  vein. 
The  common  facial  and  occipital  veins  have  been  described. 


n-  thyroid  artery 
IT  thyroid  vein 


FiQ.  031.— The  veiai  of  the  thyroid  gluid. 

Applivd  Anatomy. — The  interaal  jugular  vein  requires  ligature  in  eases  of  aeptic  thromboeis 
of  the  transverse  giiiUB,  in  order  to  prevent  septic  emboli  beinK  carried  into  the  general  circula- 
tion. This  operation  has  been  performed  in  many  cases,  with  the  most  satisfactory  results. 
The  cases  are  generally  those  of  chronic  disease  of  the  middle  ear,  with  discharge  of  pus  which 
perhaps  has  existed  for  many  years.  The  patient  is  seized  with  acute  septic  inflammation,  spread- 
ing to  the  mastoid  cells,  and  setting  up  septic  thrombosis  of  the  transverse  sinus  and  extending 
downward  into  the  internal  jugular  vein.  Such  cases  are  always  extremely  grave,  for  there  is 
danger  of  portions  of  the  septic  clot  being  detached  and  causing  septic  embolism  in  the  lungs, 
the  portions  of  clot  having  passed  through  the  right  side  of  the  heart.  If  the  condition  be  sus- 
pected, the  diseased  bone  should  be  removed  at  once  from  the  mastoid  process.  The  sinus  is 
then  investigated,  and  if  it  be  found  thrombosed,  the  sut^eon  should  proceed  to  ligature  the 
internal  jugular  vein,  by  an  incision  along  the  anterior  border  of  the  StemocIeidomastoideuB, 
the  centre  of  which  is  on  a  level  with  the  greater  comu  of  the  hyoid  bone.  The  vein  should  be 
ligatured  in  two  places  and  divided  between.  After  the  vessel  has  been  secured  and  divided, 
the  transverse  sinus  is  to  be  thoroughly  cleared  out,  and,  by  removing  the  ligature  from  the 
upper  end  of  the  divided  vein,  all  septic  clots  removed  by  syringing  from  the  sinus  through  the 
rein.  If  hemorrhage  occur  from  the  distal  end  of  the  sinus,  it  can  be  arrested  by  careful  plu^ng 
with  antiseptic  gauze. 
47 
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The  internal  jugular  vein  is  also  surgically  important,  because  it  is  surrounded  by  a  large 
number  of  deep  cervical  l3anph  glands;  and  when  these  are  enlarged  in  tuberculous  or  malignant 
disease,  they  are  apt  to  become  adherent  to  the  vessel,  rendering  their  removal  difficult  and  often 
dangerous.  The  proper  course  to  pursue  in  these  cases  is  to  ligature  the  vessel  above  and  below 
the  glandular  mass,  and  resect  the  included  portion  together  with  the  glands. 

Cardiac  pulsation  is  often  demonstrable  in  the  internal  jugular  vein  at  the  root  of  the  neck. 
There  are  no  valves  in  the  innominate  veins  or  superior  vena  cava;  in  consequence,  the  systole 
of  the  right  atrium  causes  a  wave  to  pass  up  these  vessels,  and  when  the  conditions  are  favorable 
this  wave  appears  as  a  somewhat  feeble  flicker  over  the  internal  jugular  vein  at  the  root  of  the 
neck,  quite  distinct  from,  and  just  preceding,  the  more  forcible  impulse  transmitted  from  the 
underlying  common  carotid  art^  and  due  to  the  ventricular  systole.  This  atrial  systolic  venous 
impulse  is  much  increased  in  conditions  in  which  the  right  atrium  is  abnormally  distended  with 
blood  or  is  h3rpertrophied,  as  is  often  the  case  in  disease  of  the  bicuspid  valve.  In  Stokes-Adams 
disease  (p.  614)  it  is  this  pulsation  which  gives  evidence  of  the  fact  that  the  atria  are  beating 
faster— often  two  or  three  times  faster — ^than  the  ventricles. 

The  vertebral  vein  (o.  vertebralis)  is  formed  in  the  suboccipital  triangle,  from 
numerous  small  tributaries  which  spring  from  the  internal  vertebral  venous  plexuses 
and  issue  from  the  vertebral  canal  above  the  posterior  arch  of  the  atlas.  They 
unite  with  small  veins  from  the  deep  muscles  at  the  upper  part  of  the  back  of 
the  neck,  and  form  a  vessel  which  enters  the  foramen  in  the  transverse  process 
of  the  atlas,  and  descends,  forming  a  dense  plexus  around  the  vertebral  artery, 
in  the  canal  formed  by  the  foramina  transversaria  of  the  cervical  vertebrse.  This 
plexus  ends  in  a  single  trunk,  which  emerges  from  the  foramen  transversarium  of 
the  sixth  cervical  vertebra,  and  opens  at  the  root  of  the  neck  into  the  back  part 
of  the  innominate  vein  near  its  origin,  its  mouth  being  guarded  by  a  pair  of  valves. 
On  the  right  side,  it  crosses  the  first  part  of  the  subclavian  artery. 

Tributaries. — ^The  vertebral  vein  communicates  with  the  transverse  sinus  by 
a  vein  which  passes  through  the  condyloid  canal,  when  that  canal  exists.  It 
receives  branches  from  the  occipital  vein  and  from  the  prevertebral  muscles,  from 
the  internal  and  external  vertebral  venous  plexuses,  from  the  anterior  vertebral 
and  the  deep  cervical  veins;  close  to  its  termination  it  is  sometimes  joined  by  the 
first  intercostal  vein. 

The  Anterior  Vertebral  Vein  commences  in  a  plexus  around  the  transverse  pro- 
cesses of  the  upper  cervical  vertebrae,  descends  in  company  with  the  ascending 
cervical  artery  between  the  Scalenus  anterior  and  Longus  capitis  muscles,  and 
opens  into  the  terminal  part  of  the  vertebral  vein. 

The  Deep  Cervical  Vein  {v.  cervicalis  profunda;  posterior  vertebral  or  posterior 
deep  cervical  vein)  accompanies  its  artery  between  the  Semispinales  capitis  and 
colli.  It  begins  in  the  suboccipital  region  by  conmiunicating  branches  from  the 
occipital  vein  and  by  small  veins  from  the  deep  muscles  at  the  back  of  the  neck. 
It  receives  tributaries  from  the  plexuses  around  the  spinous  processes  of  the  cer- 
vical vertebrffi,  and  terminates  in  the  lower  part  of  the  vertebral  vein. 

The  Diploic  Veins  (Venae  Diploicae)  (Fig.  635). 

The  diploic  veins  occupy  channels  in  the  diploe  of  the  cranial  bones.  They  are 
large  and  exhibit  at  irregular  intervals  pouch-like  dilatations;  their  walls  are  thin, 
and  formed  of  endothelium  resting  upon  a  layer  of  elastic  tissue. 

So  long  as  the  cranial  bones  are  separable  from  one  another,  these  veins  are 
confined  to  the  particular  bones;  but  when  the  sutures  are  obliterated,  they  unite 
with  each  other,  and  increase  in  size.  They  communicate  with  the  meningeal 
veins  and  the  sinuses  of  the  dura  mater,  and  with  the  veins  of  the  pericranium. 
They  consist  of  (1)  the  frontal,  which  opens  into  the  supraorbital  vein  and  the 
superior  sagittal  sinus;  (2)  the  anterior  temporal,  which  is  confined  chiefly  to  the 
frontal  bone,  and  opens  into  the  sphenoparietal  sinus  and  into  one  of  the  deep 
temporal  veins,  through  an  aperture  in  the  great  wing  of  the  sphenoid;  (3)  the 
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posterior  temporal,  which  is  situated  in  the  parietal  bone,  and  ends  in  the  transverse 
sinus,  through  an  aperture  at  the  mastoid  angle  of  the  parietal  bone  or  through  the 
mastoid  foramen;  and  (4)  the  occipital,  the  largest  of  the  four,  which  is  confined 
to  the  occipital  bone,  and  opens  either  externally  into  the  occipital  vein,  or  inter- 
nally into  the  transverse  sinus  or  into  the  confluence  of  the  sinuses  (torcular 
Heropkili). 


Pia.  035— Vtioi  of  tha  diploe  u  diqilkyed  by  tha  nmoTsI  of  the  outsi  Ubla  of  the  skull. 

The  Veins  of  the  Brain. 

The  veins  of  the  brain  possess  no  valves,  and  their  walls,  owing  to  the  absence 
of  muscular  tissue,  are  extremely  thin.  They  pierce  the  arachnoid  membrane  and 
the  inner  or  meningeal  layer  of  the  dura  mater,  and  open  into  the  cranial  venous 
Onuses.    They  may  be  divided  into  two  sets,  cerebral  and  cerebellar. 

The  cerebral  veins  (m.  cerebri)  are  divisible  into  external  and  internal  groups 
according  as  they  drain  the  outer  surfaces  or  the  inner  parts  of  the  hemispheres. 

The  external  veins  are  the  superior,  inferior,  and  middle  cerebral. 

The  Superior  Cerebral  Veins  {vs.  cerebri  superiores),  eight  to  twelve  in  number, 
drain  the  superior,  lateral,  and  medial  surfaces  of  the  hemispheres,  and  are  mainly 
lodged  in  the  sulci  between  the  gyri,  but  some  run  across  the  gyri.  They  open  into 
the  superior  sagittal  sinus;  the  anterior  veins  runs  nearly  at  right  angles  to  the 
sinus;  the  posterior  and  larger  veins  are  directed  obliquely  forward  and  open  into 
the  sinus  in  a  direction  more  or  less  opposed  to  the  current  of  the  blood  contained 
within  it. 

The  Bffiddle  Cerebral  Vein  (v.  cerebri  media;  superficial  Sylvian  vein)  begins  on  the 
lateral  surface  of  the  hemisphere,  and,  running  along  the  lateral  cerebral  fissure, 
ends  in  the  cavernous  or  the  sphenoparietal  sinus.  It  is  connected  (a)  with  the 
superior  sagittal  sinus  by  the  jreat  anastomotic  vein  o£  Trolard,  which  opens  into  one 
of  the  superior  cerebral  veins;  (fc)  with  the  transverse  sinus  by  the  posterior  anasto- 
motic vein  of  Labbtf,  which  courses  over  the  temporal  lobe. 

The  Inferior  Cerebral  Veins  (w.  cerebri  inferiores),  of  small  size,  drain  the  under 
surfaces  of  the  hemispheres.  Those  on  the  orbital  surface  of  the  frontal  lobe  join 
the  superior  cerebral  veins,  and  through  these  open  into  the  superior  sagittal 
sinus;  those  of  the  temporal  lobe  anastomose  with  the  middle  cerebral  and  basal 
veins,  and  join  the  cavernous,  sphenoparietal,  and  superior  petrosal  sinuses. 
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The  basal  vein  is  formed  at  the  anterior  perforated  substance  by  the  union  of  (a) 
a  small  anterior  cerebral  vein  which  accompanies  the  anterior  cerebral  artery,  (b) 
the  deep  middle  cerebral  vein  (deep  Sylvian  vein),  which  receives  tributaries  from 
the  insula  and  neighboring  gyri,  and  runs  in  the  lower  part  of  the  lateral  cerebral 
fissure,  and  (c)  the  inferior  striate  veins,  which  leave  the  corpus  striatimi  through 
the  anterior  perforated  substance.  The  basal  vein  passes  backward  around  the 
cerebral  peduncle,  and  ends  in  the  internal  cerebral  vein  (vein  of  Galen) ;  it  receives 
tributaries  from  the  interpeduncular  fossa,  the  inferior  horn  of  the  lateral  ventricle, 
the  hippocampal  g^^rus,  and  the  mid-brain. 

The  Internal  Cerebral  Veins  (w,  cerebri  intemae;  veins  of  Galen;  deep  cerebral 
veins)  drain  the  deep  parts  of  the  hemisphere  and  are  two  in  number;  each  is  formed 
near  the  interventricular  foramen  by  the  union  of  the  terminal  and  choroid  veins. 
They  ran  backward  parallel  with  one  another,  between  the  layers  of  the  tela 
chorioidea  of  the  third  ventricle,  and  beneath  the  splenium  of  the  corpus  callosum, 
where  they  unite  to  form  a  short  trunk,  the  great  cerebral  vein;  just  before  their 
union  each  receives  the  corresponding  basal  vein. 

The  terminal  vein  (v.  terminalis;  vena  corporis  striati)  commences  in  the  groove 
between  the  corpus  striatum  and  thalamus,  receives  numerous  veins  from  both 
of  these  parts,  and  unites  behind  the  crus  fomicis  with  the  choroid  vein,  to  form 
one  of  the  internal  cerebral  veins.  The  choroid  vein  runs  along  the  whole  length  of 
the  choroid  plexus,  and  receives  veins  from  the  hippocampus,  the  fornix,  and  the 
corpus  callosum. 

The  Great  Cerebral  Vein  (v.  cerebri  magna  [Galeni];  great  vein  of  Galen),  formed  by 
the  union  of  the  two  internal  cerebral  veins,  is  a  short  median  trunk  which  curves 
backward  and  upward  around  the  splenium  of  the  corpus  callosum  and  ends  in  the 
anterior  extremity  of  the  straight  sinus. 

The  cerebellar  veins  are  placed  on  the  surface  of  the  cerebellum,  and  are  dis- 
posed in  two  sets,  superior  and  inferior.  The  superior  cerebellar  veins  (w.  cerebeUi 
superior es)  pass  partly  forward  and  medialward,  across  the  superior  vermis,  to  end 
in  the  straight  sinus  and  the  internal  cerebral  veins,  partly  lateralward  to  the  trans- 
verse and  superior  petrosal  sinuses.  The  inferior  cerebellar  veins  (w.  cerebeUi  infe^ 
riores)  of  large  size,  end  in  the  transverse,  superior  petrosal,  and  occipital  sinuses. 

The  Sinuses  of  the  Dura  Mater  (Sinus  Durae  Matris).   Ophthalmic  Veins  and 

Emissary  Veins. 

The  sinuses  of  the  dura  mater  are  venous  channels  which  drain  the  blood  from  the 
brain;  they  are  devoid  of  valves,  and  are  situated  between  the  two  layers  of  the 
dura  mater  and  lined  by  endothelium  continuous  with  that  which  Unes  the  veins. 
They  may  be  divided  into  two  groups:  (1)  a  postero-superior,  at  the  upper  and  back 
part  of  the  skull,  and  (2)  an  antero-inferior,  at  the  base  of  the  skull. 

The  postero-superior  group  comprises  the 

Superior  Sagittal.  Straight. 

Inferior  Sagittal .  Two  Transverse. 

Occipital. 

The  superior  sagittal  sinus  (sinus  sayittalis  superior;  superior  longitudinal  sinus) 
(Figs.  636,  637)  occupies  the  attached  or  convex  margin  of  the  falx  cerebri.  Com- 
mencing at  the  foramen  cecum,  through  which  it  receives  a  vein  from  the  nasal 
cavity,  it  runs  from  before  backward,  grooving  the  inner  surface  of  the  frontal, 
the  adjacent  margins  of  the  two  parietals,  and  the  superior  division  of  the  cruciate 
eminence  of  the  occipital;  near  the  internal  occipital  protuberance  it  deviates  to 
one  or  other  side  (usually  the  right),  and  is  continued  as  the  corresponding  trans- 
verse sinus.    It  is  triangular  in  section,  narrow  in  front,  and  gradually  increases  in 
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size  as  it  passes  backward.  Its  inner  surface  presents  the  openings  of  the  superior 
cerebral  veins,  which  run,  for  the  most  part,  obliquely  forward,  and  open  chiefly 
at  the  back  part  of  the  sinus,  their  orifices  being  concealed  by  fibrous  folds;  numerous 
fibrous  bands  (chordae  Wjlliaii)  extend  transversely  across  the  inferior  angle  of 
the  sinus;  and,  lastly,  small  openings  communicate  with  irregularly  shaped  venous 
spaces  {venous  lacuna)  in  the  dura  mater  near  the  sinus.  There  are  usually  three 
lacunee  on  either  side  of  the  sinus :  a  small  frontal,  a  large  parietal,  and  an  occipital, 
intermediate  in  size  between  the  other  two  (Sargent').  Most  of  the  cerebral 
veins  from  the  outer  surface  of  the  hemisphere  open  into  these  lacuns,  and  numer- 
ous aruhaoid  grutnlathnu  (Pacchionian  bodies)  project  into  them  from  below. 
The  superior  sa^ttal  sinus  receives  the  superior  cerebral  veins,  veins  from  the  diploe 
and  dura  mater,  and,  near  the  posterior  extremity  of  the  sagittal  suture,  veins  from 
the  pericranium,  which  pass  through  the  parietal  foramina. 


Fia.  630.— Suimior  Hcittal  bdui  Iwd  "paa  oftsr  ramovnl  ot  ths  akull  »p.  Tbe  cbordu  Willuii  us  clculy  s«ii. 
Tlw  vauHU  iBciuue  lire  sIk  well  sbown;  Irom  two  of  limia  probea  ire  paued  into  tbs  superior  BKciltuT ainui. 
<Poiri*t  utd  Chupy.) 

IppUsd  Anatomr. — The  numerouB  communications  which  take  place  b.etween  this  sinus  and 
the  veins  of  the  nose,  scalp,  and  diploe,  cause  it  to  be  at  times  the  seat  of  infective  thromboaiB 
from  suppurative  processes  in  these  parts. 

The  inlflrior  aagittal  sinos  (sinus  sagittalia  inferior;  inferior  longiludijial  sinus) 
(Fig.  637)  is  contained  in  the  posterior  half  or  two-thirds  of  the  free  margin  of  the 
falx  cerebri.  It  is  of  a  cylindrical  form,  increases  in  size  as  it  passes  backward,  and 
ends  in  the  straight  sinus.  It  receives  several  veins  from  the  falx  cerebri,  and 
occasionally  a  few  from  the  medial  surfaces  of  the  hemispheres. 

The  straight  ainas  (sinus  rectus;  tentorial  sinus)  (Figs.  637,  638)  is  situated  at 
the  line  of  junction  of  the  falx  cerebri  with  the  tentorium  cerebelli.    It  is  triangular 

■  Jounisl  of  Anatomy  and  FbynDlogr.  vol.  ilv. 
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in  section,  increases  in  size  as  it  proceeds  backward,  and  runs  downward  and  back- 
ward from  the  end  of  the  inferior  sagittal  sinus  to  the  transverse  sinus  of  the  oppo- 
site side  to  that  into  which  the  superior  sagittal  sinus  is  prolonged.  Its  temuQal 
part  communicates  by  a  cross  branch  with  the  confluence  of  the  sinuses.  Besides 
the  inferior  sagittal  sinus,  it  receives  the  great  cefebral  vein  {great  vein  of  Galen) 
and  the  superior  cerebellar  veins.    A  few  transverse  bands  cross  its  interior. 


The  branBTene  sinuses  (dnvs  tranarerava;  lateral  ainuses)  (Figs.  638,  639)  are 
of  large  size  and  begin  at  the  internal  occipital  protuberance;  one,  generally  the 
right,  being  the  direct  continuation  of  the  superior  sagittal  sinus,  the  other  of  the 
straight  sinus.  Each  transverse  sinus  passes  lateralward  and  forward,  describing 
a  slight  curve  with  its  convexity  upward,  to  the  base  of  the  petrous  portion  of 
the  temporal  bone,  and  lies,  in  this  part  pf  its  course,  in  the  attached  margin  of 
the  tentorium  cerebelli;  it  then  leaves  the  tentorium  and  cur\'es  downward  and 
medialward  to  reach  the  jugular  foramen,  where  it  ends  in  the  internal  jugular 
vein.  In  its  course  it  rests  upon  the  squama  of  the  occipital,  the  mastoid  angle 
of  the  parietal,  the  mastoid  part  of  the  temporal,  and,  just  before  its  termination, 
the  jugular  process  of  the  occipital ;  the'  portion  which  occupies  the  groove  on  the 
mastoid  part  of  the  temporal  is  sometimes  termed  the  sigmoid  sums.  The  trans- 
verse sinuses  are  frequentlj-  of  unequal  size,  that  formed  by  the  superior  sagittal 
sinus  being  the  larger;  they  increase  in  size  as  they  proceed  from  behind  forward. 
On  transverse  section  the   horizontal  portion  exhibits  a  prismatic,  the  curved 
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Portion  a  semicylindrical  form.  They  receive  the  blood  from  the  superior  petrosal 
siQuses  at  the  base  of  the  petrous  portion  of  the  temporal  bone;  they  communicate 
*ith  the  veins  of  the  pericranium  by  means  of  the  mastoid  and  condyloid  emissary 
^eins;  and  they  receive  some  of  the  inferior  cerebral  and  inferior  cerebeliar  veins, 
?^  some  veins  from  the  diploe.  The  petrostinunons  duos,  when  present,  runs 
''Wkward  along  the  junction  of  the  squama  and  petrous  portion  of  the  temporal, 
^^  open3  into  the  transverse  sinus. 


CniJluciieo  o/lhe  untita 
Fro.  038.— TcDtorium  oersballi  from  abore. 

The  occipital  sinns  (sinus  occipitalis)  (Fig.  639)  is  the  smallest  of  the  cranial 
sinuses.  It  is  situated  in  the  attached  margin  of  the  falx  cerebelli,  and  is  generally 
single,  but  occasionally  there  are  two.  It  commences  around  the  margin  of  the  for- 
amen magnum  by  several  small  venous  channels,  one  of  which  joins  the  terminal 
part  of  the  transverse  sinus;  it  communicates  with  the  posterior  internal  vertebral 
venous  plexuses  and  ends  in  the  confluence  of  the  sinuses. 

The  Confluence  of  the  Sinnses  {confiuens  sinuum;  torcular  Herophili)  is  the  term 
applied  to  the  dilated  extremity  of  the  superior  sagittal  sinus.  It  is  of  irregular 
form,  and  is  lodged  on  one  side  {generally  the  right)  of  the  internal  occipital  pro- 
tuberance. From  it  the  transverse  sinus  of  the  same  side  is  derived.  It  receives 
also  the  blood  from  the  occipital  sinus,  and  is  connected  across  the  middle  line  with 
the  commencement  of  the  transverse  sinus  of  the  opposite  side. 

The  antero-inferior  group  of  sinuses  comprises  the 

Two  Cavernous.  Two  Superior  Petrosal. 

Two  Intercavernous.  Two  Inferior  Petrosal. 

Basilar  Plexus. 
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The  cavemoas  sinuses  {sinus  cavernosus)  {Fig.  639)  are  so  named  because  they 
present  a  reticulated  structure,  due  to  their  being  traversed  by  numerous  inter- 
lacing filaments.  They  are  of  irregular  form,  larger  behind  than  in  front,  and  are 
placed  one  on  either  side  of  the  bodj-  of  the  sphenoid  bone,  extending  from  the 
superior  orbital  fissure  to  the  apex  of  the  petrous  portion  of  the  temporal  bone. 
Each  opens  behind  into  the  petrosal  sinuses.  On  the  medial  wall  of  each  sinus  is 
the  internal  carotid  arterj-,  accompanied  by  filaments  of  the  carotid  plexus;  near 
the  artery  is  the  abducent  nerve;  on  the  lateral  wall  are  the  oculomotor  and  troch- 
lear nefves,  and  the  ophthalmic  and  maxillary  divisions  of  the  trigeminal  ne^^■e 


noparietat 


Superior  tagiUal  aintit 
FiQ,  »39.— Th»  nnuKM  at  the  bB«  of  the  «kull. 

(Fig.  640).  These  structures  are  separated  from  the  blood  flowing  along  the  sinus 
by  the  lining  membrane  of  the  sinus.  The  cavernous  sinus  receives  the  superior 
ophthalmic  vein  through  the  superior  orbital  fissure,  some  of  the  cerebral  veins, 
and  also  the  small  sphenoparietal  siniu,  which  courses  along  the  under  surface  of  the 
small  wing  of  the  sphenoid.  It  communicates  with  the  transverse  sinus  by  means 
of  the  superior  petrosal  sinus;  with  the  internal  jugular  vein  through  the  inferior 
petrosal  sinus  and  a  plexus  of  veins  on  the  internal  carotid  artery;  with  the  ptery- 
goid venous  plexus  through  the  foramen  Vesalii,  foramen  ovale,  and  foramen 
lacerum,  and  with  the  angular  vein  through  the  ophthalmic  vein.   The  two  sinuses 
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also  communicate  with  each  other  by  means  of  the  anterior  and  posterior  inter- 
cavernous sinuses. 

Anfiai  Anktom;. — An  arteriovenous  communicaCion  may  be  established  between  the  cavernous 
ainus  and  the  internal  carotid  artery,  Kiving  rise  to  a  pulsating  tumor  in  the  orbit.  These  com- 
munications may  be  the  result  of  injury,  such  as  a  bullet  wound,  a  stab,  or  a  blow,  or  fall  suffi- 
ciently severe  to  cause  a  fracture  of  the  base  of  the  skull  in  this  situation.  The  symptoms  are 
sudden  noiae  and  pain  in  the  head,  followed  by  exophthalmos,  swelling  and  congestion  of  the 
lids  and  conjunctivae,  and  development  of 

a  pulsating  tumor  at  the  margin  of  the  orbit.  Internal  earotid  arUn 

with   thrill    and   the    characteristic    bruit; 
accompanying  these  symptoms  there  may 
be  impairment  of  sight,  paralysis  of  the    O^fo"^ 
iris  and  orbital  muscles,  and  pain  of  varying       TroenlaiT 
intensity.     In  some  caaea  the  opposite  orbit     ^^ 
becomes    affected    by  the  passage  of  the    ^^J*^^!^ 
arterial  blood  into  the  opposite  sinus  by  '"^'"^ 

means  of  the  intercavernous  sinuses;  or  the 
arteriai  blood  may  find  its  way  through  the  MaxiUary 
emissary  veins  (see  p.  747)  into  the  ptery- 
goid ple^ius,  and  thence  into  the  veins  of 
the  face.  Pulsating  tumors  of  the  orbit 
may  also  be  due  to  traumatic  aneurism  of 
one  of  the  orbital  arteries,  and  symptoms 

resembling  those  of  pulsating  tumor  may  be        Fio-  <H0. — Oblique  Beciion  through  the  cBvemom  sinui. 
produced   by  pressure  on  the  ophthalmic 

vein,  as  it  enters  the  sinus,  by  an  aneurism  of  the  internal  carotid  artery.    Ligature  of  the  internal 
or  common  carotid  artery  has  been  performed  in  these  cases  with  considerable  success. 

Of  recent  years  more  attention  has  been  paid  to  thrombosis  of  the  cavernous  sinus  than  formerly, 
and  it  is  now  well  established  that  caries  in  the  upper  parts  of  the  nasal  cavities  and  suppuration 
in  certain  of  the  accessory  sinuses  of  the  nose  are  frequently  responsible  for  septic  thrombosis 
of  the  cavernous  sinuses,  in  exactly  the  same  way  as  transverse  ainus  thrombosis  ia  due  to  septic 
disease  in  the  mastoid  process.  Many  deaths  from  meningitis,  hitherto  unaccounted  for,  are  in 
reality  due  to  the  spread  of  an  infection  from  an  ethmoidal  or  sphenoidal  air  cell  to  the  cavernous 
sinus,  and  thence  to  the  meninges.  It  is  obvious,  therefore,  that  no  case  of  chronic  nasal  suppura- 
tion should  be  left  untreated. 


FlO,  641,— Vein.  p(  orbit.     (Poirier  aud  Charpy,) 

The  ophthalmic  TSins*  (Fig.  641),  two  in  number,  superior  and  inferior,  are 
devoid  of  valves. 

The  Superior  Ophthalmic  Vein  {v.  ophthalmica  superior)  begins  at  the  inner  angle 
of  the  orbit  in  a  vein  named  the  nasofrontal  which  communicates  anteriorly  with  the 
angular  vein;  it  pursues  the  same  course  as  the  ophthalmic  artery,  and  receives 
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tributaries  corresponding  to  the  branches  of  that  vessel.    Forming  a  short  single 
trunk,  it  passes  between  the  two  heads  of  the  Rectus  lateralis  and  through  the  medial 
part  of  the  superior  orbital  fissure,  and  ends  in  the  cavernous  sinus. 

The  Inferior  Ophthalmic  Vein  (v.  opkthalmica  inferior)  begins  in  a  venous  net-work 
at  the  forepart  of  the  floor  and  medial  wall  of  the  orbit;  it  receives  some  veins  from 
the  Rectus  inferior,  Obliquus  inferior,  lacrimal  sac  and  eyelids,  runs  backward  in 
the  lower  part  of  the  orbit  and  divides  into  two  branches.  One  of  these  passes 
through  the  inferior  orbital  fissure  and  joins  the  pterygoid  venous  plexus,  while 
the  other  enters  the  cranium  through  the  superior  orbital  fissure  and  ends  in  the 
cavernous  sinus,  either  by  a  separate  opening,  or  more  frequently  in  common  with 
the  superior  ophthalmic  vein. 

The  intercavemoos  sinuses  (sini  intercavernosi)  (Fig.  639)  are  two  in  number,  an 
anterior  and  a  posterior,  and  connect  the  two  cavernous  sinuses  across  the  middle 
line.  The  anterior  passes  in  front  of  the  hypophysis  cerebri,  the  posterior  behind  it, 
and  they  form  with  the  cavernous  sinuses  a  venous  circle  (circular  sinus)  around  the 
hypophysis.  The  anterior  one  is  usually  the  larger  of  the  two,  and  one  or  other  is 
occasionally  absent. 

The  superior  petrosal  sinus  (sinus  petrosus  superior)  (Fig.  639)  small  and  narrow, 
connects  the  cavernous  with  the  transverse  sinus.  It  runs  lateralward  and  back- 
ward, from  the  posterior  end  of  the  cavernous  sinus,  over  the  trigeminal  nerv^e, 
and  lies  in  the  attached  margin  of  the  tentorium  cerebelli  and  in  the  superior 
petrosal  sulcus  of  the  temporal  bone;  it  joins  the  transverse  sinus  where  the  latter 
curves  downward  on  the  inner  surface  of  the  mastoid  part  of  the  temporal.  It 
receives  some  cerebellar  and  inferior  cerebral  veins,  and  veins  from  the  tympanic 
cavity. 

The  inferior  petrosal  sinus  (sinus  petrosus  inferior)  (Fig.  639)  is  situated  in  the 
inferior  petrosal  sulcus  formed  by  the  junction  of  the  petrous  part  of  the  temporal 
with  the  basilar  part  of  the  occipital.  It  begins  in  the  postero-inferior  part  of  the 
cavernous  sinus,  and,  passing  through  the  anterior  part  of  the  jugular  foramen, 
ends  in  the  superior  bulb  of  the  internal  jugular  vein.  The  inferior  petrosal  sinus 
receives  the  internal  auditory  veins  and  also  veins  from  the  medulla  oblongata, 
pons,  and  under  surface  of  the  cerebellum. 

The  exact  relation  of  the  parts  to  one  another  in  the  jugular  foramen  is  as  follows : 
the  inferior  petrosal  sinus  lies  medially  and  anteriorly  with  the  meningeal  branch 
of  the  ascending  pharyngeal  artery,  and  is  directed  obliquely  downward  and  back- 
ward; the  transverse  sinus  is  situated  at  the  lateral  and  back  part  of  the  foramen 
with  a  meningeal  branch  of  the  occipital  artery,  and  between  the  two  sinuses  are 
the  glossopharyngeal,  vagus,  and  accessorj^  nerves.  These  three  sets  of  structures 
are  divided  from  each  other  by  two  processes  of  fibrous  tissue.  The  junction  of  the 
inferior  petrosal  sinus  with  the  internal  jugular  vein  takes  place  on  the  lateral 
aspect  of  the  nerves. 

The  basilar  plexus  (plexus  hasilaris;  transverse  or  basilar  sinus)  (Fig.  640)  con- 
sists of  several  interlacing  venous  channels  between  the  layers  of  the  dura  mater 
over  the  basilar  part  of  the  occipital  bone,  and  serves  to  connect  the  two  inferior 
petrosal  sinuses.    It  communicates  with  the  anterior  vertebral  venous  plexus. 

Emissary  Veins  (emissaria). — ^The  emissary  veins  pass  through  apertures  in  the 
cranial  wall  and  establish  bommunication  between  the  sinuses  inside  the  skull  and 
the  veins  external  to  it.  Some  are  always  present,  others  only  occasionally  so. 
The  principal  emissary  veins  are  the  following:  (1)  A  mastoid  emissary  vein, 
usually  present,  runs  through  the  mastoid  foramen  and  unites  the  transverse  sinus 
with  the  posterior  auricular  or  with  the  occipital  vein.  (2)  A  parietal  emissarj' 
vein  passes  through  the  parietal  foramen  and  connects  the  superior  sagittal  sinus 
with  the  veins  of  the  scalp.  (3)  A  net-work  of  minute  veins  (rete  canalis  hypoglossi) 
traverses  the  hypoglossal  canal  and  joins  the  transverse  sinus  with  the  vertebral 
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vein  and  deep  veins  of  the  neck.  (4)  An  inconstant  condyloid  emissary  vein  passes 
through  the  condyloid  canal  and  connects  the  transverse  sinus  with  the  deep  veins 
of  the  neck.  (6)  A  net-work  of  veins  (rete  foraminis  ovalis)  unites  the  cavernous 
sinus  with  the  pterygoid  plexus  through  the  foramen  ovale.  (6)  Two  or  three  small 
veins  run  through  the  foramen  lacerum  and  connect  the  cavernous  sinus  with  the 
pterygoid  plexus.  (7)  The  emissary  vein  of  the  foramen  of  Vesalius  connects  the 
same  parts.  (8)  An  internal  carotid  plexus  of  veins  traverses  the  carotid  canal  and 
unites  the  cavernous  sinus  with  the  internal  jugular  vein.  (9)  A  vein  is  trans- 
mitted through  the  foramen  caecum  and  connects  the  superior  sagittal  sinus  with 
the  veins  of  the  nasal  cavity. 

An^od  Anatomy. — These  emissary  veins  together  with  the  other  communications  between 
the  intra-  and  extracranial  circulation  are  of  great  importance  in  surgery.  Inflammatory  processes 
commencing  on  the  outside  of  the  skull  may  travel  inward  through  them,  and  lead  to  osteo- 
phlebitis of  the  diploS  and  inflammation  of  the  membranes  of  the  brain.  To  this  in  former  days 
was  to  be  attributed  one  of  the  principal  dangers  of  wounds  of  the  scalp. 

By  means  of  these  emissary  veins  blood  may  be  abstracted  from  the  intracranial  circulation — 
e.  g.t  leeches  applied  behind  the  ear  drain  blood  almost  directly  from  the  transverse  sinus,  through 
the  mastoid  vein.  Again,  epistaxis  in  children  will  frequently  relieve  severe  headache,  the  blood 
which  flows  from  the  nose  being  partly  derived  from  the  superior  sagittal  sinus  by  means  of  the 
vein  passing  through  the  foramen  caecum. 

THE  VEINS   OF  THE  UPPER  EXTBEMITT   AND   THORAX. 

The  veins  of  the  upper  extremity  are  divided  into  two  sets,  superficial  and  deep; 
the  two  sets  anastomose  frequently  with  each  other.  The  superficial  veins  are 
placed  immediately  beneath  the  integument  between  the  two  layers  of  superficial 
fascia.  The  deep  veins  accompany  the  arteries,  and  constitute  the  venae  comi- 
tantes  of  those  vessels.  Both  sets  are  provided  with  valves,  which  are  more 
numerous  in  the  deep  than  in  the  superficial  veins. 

The  Superficial  Veins  of  the  Upper  Extremity. 

The  superficial  yeins  of  the  upper  extremity  are  the  dlifital,  metacaipal,  cephalic, 
basilic,  median. 

Digital  Veins. — ^The  dorsal  digital  veins  pass  along  the  sides  of  the  fingers  and 
are  joined  to  one  another  by  oblique  commimicating  branches.  Those  from  the 
adjacent  sides  of  the  fingers  unite  to  form  three  dorsal  metacarpal  veins  (Fig. 
642),  which  end  in  a  dorsal  venous  net-work  opposite  the  middle  of  the  meta- 
carpus. The  radial  part  of  the  net-work  is  joined  by  the  dorsal  digital  vein  from  the 
radial  side  of  the  index  finger  and  by  the  dorsal  digital  veins  of  the  thumb,  and 
is  prolonged  upward  as  the  cephalic  vein.  The  ulnar  part  of  the  net-work  receives 
the  dorsal  digital  vein  of  the  ulnar  side  of  the  little  finger  and  is  continued  upward 
as'  the  basilic  vein.  A  communicating  branch  frequently  connects  the  dorsal 
venous  network  with  the  cephalic  vein  about  the  middle  of  the  forearm. 

The  volar  digital  veins  on  each  finger  are  connected  to  the  dorsal  digital  veins 
by  oblique  intercapitular  veins.  They  drain  into  a  venous  plexus  which  is  situated 
over  the  thenar  and  hypothenar  eminences  and  across  the  front  of  the  wrist. 

The  cephalic  vein  (Fig.  643)  begins  in  the  radial  part  of  the  dorsal  venous  net- 
work and  winds  upward  around  the  radial  border  of  the  forearm,  receiving  tribu- 
taries from  both  surfaces.  Below  the  front  of  the  elbow  it  gives  off  the  vena  mediana 
cubiti  (median  basilic  vein),  which  receives  a  communicating  branch  from  the  deep 
veins  of  the  forearm  and  passes  across  to  join  the  basilic  vein.  The  cephalic  vein 
then  ascends  in  front  of  the  elbow  in  the  groove  between  the  Brachioradialis  and 
the  Biceps  brachii.  It  crosses  superficial  to  the  musculocutaneous  nerve  and  ascends 
in  the  groove  along  the  lateral  border  of  the  Biceps  brachii.    In  the  upper  third 
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of  the  arm  it  passes  between  the  Pectoralis  major  and  Deltoideus,  where  it  is  accom- 
panied by  the  deltoid  branch  of  the  thoracoacromial  artery.  It  pierces  the  eoraeo- 
clavicular  fascia  and,  crossing  the  axillary  artery,  ends  in  the  axillary  vein  just 
below  the  clavicle.  Sometimes  it  communicates  with  the  external  jugular  vein  by 
a  branch  which  ascends  in  front  of  the  clavicle. 


Fia.  flia.— The  vauu  on  tha  donum  of  the  hand.     (Boursery.) 

The  accessory  cei^ialic  vein  (s.  cephalica  acceaaoria)  arises  either  from  a  small 
tributory  plexus  on  the  back  of  the  forearm  or  from  the  ulnar  side  of  the  dorsal 
venous  net-work ;  it  joins  the  cephalic  below  the  elbow.  In  some  cases  the  accessorj' 
cephalic  springs  from  the  cephalic  above  the  wrist  and  joins  it  again  higher  up,  A 
large  oblique  branch  frequently  connects  the  basilic  and  cephalic  veins  on  the  back 
of  the  forearm. 

The  basilic  vein  {v.  basilica)  {Fig.  643)  begiTts  in  the  ulnar  part  of  the  dorsal 
venous  network.  It  runs  up  the  posterior  surface  of  the  ulnar  side  of  the  forearm 
and  inclines  forward  to  the  anterior  surface  below  the  elbow,  where  it  is  joined  by 
the  vena  mediana  cubiti.  It  ascends  obliquely  in  the  groove  between  the  Biceps 
brachii  and  Pronator  teres  and  crosses  the  brachial  artery,  from  which  it  is  separated 
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by  the  lacertus  fibrosus;  filaments  of  the  medial  antibrachial  cutaneous  nerve 
pass  both  in  front  of  and  behind  this  portion  of  the  vein.  It  then  runs  up- 
ward along  the  medial  border  of  the  Biceps  brachii,  perforates  the  deep  fascia 
a  little  below  the  middle  of  the  arm, 
and,  ascending  on  the  medial  side 
of  the  brachial  artery  to  the  lower 
border  of  the  Teres  major,  is  con- 
tinued onward  as  the  axillary-  vein. 
The  median  antibracliial  vein 
(v.  mediana  antibTockii)  drains  the 
venous  plexus  on  the  volar  surface 
of  the  hand.  It  ascends  on  the 
ulnar  side  of  the  front  of  the  fore- 
ann  and  ends  in  the  basilic  vein  Or 
in  the  vena  mediana  cubiti;  in  a 
small  proportion  of  cases  it  divides 
into  two  branches,  one  of  which 
joins  the  basilic,  the  other  the 
cephalic,  below  the  elbow. 

Applied  Anatomy.— Venesection  ia  gen- 
erally performed  at  the  bend  of  the 
elbow,  and  as  a  matt«r  of  practice  the 
largest  vein  in  this  situation  is  com-  Cepk 
monly  Belect«d.  This  is  usually  the 
vena  mediaoa  cubiti  {medion  baxilic), 
and   there  are  anatomical    advantages 

and  disadvantages  in  selecting  this  vein.  ^,-^ 

The  advantages  are,  that  in  addition  to 
its  being  the  largest  vessel,  and  therefore 

yielding  a  greater  supply  of  blood,  it  ia  dima 

the   least    movable   and   can  be   easily  ^  ti 

steadied  on  the  lacertus  fibrosus  (bidpUal        " 
fateia),  on   which  it  rests.     The  disad- 
vantages ore,  that  it  is  in  close  relation- 
ship with  the  brachial  artery,  separated         -^^  «»» 
only  by  the  lacertus  fibrosus;  and  for-      "^P" 

inerly,  when  venesection  was  frequently  ^^ 

practised,   arteriovenous   aneurism  was  ntMM. 

no  uncommon  result  of  this  practice.  ■«  . 

Intrearenous  infusion  of  normal  saline      ^*P^  "**•■ 

solution  is   very  frequently   required  in  ^*'* 

modem  surgery  for  all  conditions  of 
severe  shock  and  after  profuse  hemor- 
rhages, the  older  method  of  transfusion 
of  blood  having  quite  sunk  into  obUvion. 
The  patient's  arm  is  surrounded  by  a 
tight  bandage  so  as  to  impede  the 
venous  return,  and  a  small  incision  is 
made  over  the  largest  vein  visible  in 
front  of  the  elbow;  a  double  ligature  is 
now  passed  around  the  vein,  and  the 
lower  one  is  tied;  the  vein  is  then  opened 
and  a  cannula  connected  with  a  funnel 
by  tubing  and  filled  with  hot  saline 
solution  is  inserted  The  bondage  is 
next  removed  from  the  arm,  and  two, 
three,  or  more  pints  of  fluid  are  allowed 
to  flow  into  the  vein;  when  a  sufficient 
quantity  has  gone  in,  the  upper  ligature 

around  the  vein  is  tied  and  a  stitch  put  ■— ' 

in  the  skin  wound.  Fm.  643.— Tbc  mpcifirisl  veins  ol  the  upper  eitrenuty. 


750  AXGIOLOGY 

The  Deep  Veins  of  the  Upper  Extremi^. 

The  deep  Teins  follow  the  course  of  the  arteries,  forming  their  venae  comitantes. 
They  are  generally  arranged  in  pairs,  and  are  situated  one  on  either  side  of  the 
corresponding  arter>%  and  connected  at  intervals  by  short  transverse  branches. 

Deep  Veinfl  of  the  Hand. — ^The  superficial  and  deep  volar  arterial  arches  are 
each  accompanied  by  a  pair  of  venae  comitantes  which  constitute  respectively 
the  superficial  and  deep  volar  venous  arches,  and  receive  the  veins  corresponding 
to  the  branches  of  the  arterial  arches;  thus  the  common  volar  digital  veins,  formed  by 
the  union  of  the  proper  volar  digital  veins,  open  into  the  superficial,  and  the  volar 
metacarpal  veins  into  the  deep  volar  venous  arches.  The  donal  metacarpal  veins 
receive  perforating  branches  from  the  volar  metacarpal  veins  and  end  in  the  radial 
veins  and  in  the  superficial  veins  on  the  dorsum  of  the  wrist. 

The  deep  veins  of  the  forearm  are  the  venae  comitantes  of  the  radial  and  ulnar 
veins  and  constitute  respectively  the  upward  continuations  of  the  deep  and  super- 
ficial volar  venous  arches;  they  unite  in  front  of  the  elbow  to  form  the  brachial 
veins.  The  radial  veins  are  smaller  than  the  ulnar  and  receive  the  dorsal  meta- 
carpal veins.  The  ulnar  veins  receive  tributaries  from  the  deep  volar  venous 
arches  and  communicate  with  the  superficial  veins  at  the  wrist;  near  the  elbow 
they  receive  the  volar  and  dorsal  interosseous  veins  and  send  a  large  communicating 
branch  (profunda  vein)  to  the  vena  mediana  cubiti. 

The  brachial  veins  (vv.  brachiales)  are  placed  one  on  either  side  of  the  brachial 
artery,  receiving  tributaries  corresponding  with  the  branches  given  off  from  that 
vessel;  near  the  lower  margin  of  the  Subscapularis,  they  join  the  axillary  vein;  the 
medial  one  frequently  joins  the  basilic  vein. 

These  deep  veins  ha-ve  numerous  anastomoses,  not  only  with  each  other,  but 
also  with  the  superficial  veins. 

The  axillary  vein  (v.  axUlaria)  begins  at  the  lower  border  of  the  Teres  major, 
as  the  continuation  of  the  basilic  vein,  increases  in  size  as  it  ascends^  and^ends  at  the 
outer  border  of  the  first  rib  as  the  subclavian  vein.  Near  the  lower  border  of 
the  Subscapularis  it  receives  the  brachial  veins  and,  close  to  its  termination,  the 
cephalic  vein;  its  other  tributaries  correspond  with  the  branches  of  the  axillarj' 
artery.  It  lies  on  the  medial  side  of  the  artery,  which  it  partly  overlaps;  between 
the  two  vessels  are  the  medial  cord  of  the  brachial  plexus,  the  median,  the  ulnar, 
and  the  medial  anterior  thoracic  nerves.  It  is  provided  with  a  pair  of  valves  oppo- 
site the  lower  border  of  the  Subscapularis;  valves  are  also  found  at  the  ends  of  the 
cephalic  and  subscapular  veins. 

Applied  Anatomy. — Since  the  axillary  vein  is  superficial  to  and  larger  than  the  axillary  artery, 
which  it  overlaps,  it  is  more  liable  to  be  wounded  than  the  artery  in  the  operation  of  extirpation 
of  the  axillary  glands,  especially  as  these  glands,  when  diseased,  are  apt  to  become  adherent  to 
it.  When  it  is  wounded,  there  is  always  a  danger  of  air  being  drawn  into  it,  and  death  resulting. 
To  avoid  wounding  the  axillary  vein  in  the  extirpation  of  glands  from  the  axilla,  it  is  advisable  to 
expose  the  vein  as  soon  as  possible;  no  sharp  cutting;  instruments  should  be  used  after  the  axiUary 
cavity  has  been  freely  exposed;  and  care  should  be  taken  to  use  no  undue  force  in  isolating  the 
glands  (see  p.  781).  Should  the  vein  be  so  imbedded  in  a  malignant  deposit  that  the  latter  cannot 
be  removed  without  taking  away  a  part  of  the  vein,  this  must  be  done  after  the  vessel  has  been 
ligatured  above  and  below. 

The  subclavian  vein  (r.  subclavia),  the  continuation  of  the  axillary,  extends 
from  the  outer  border  of  the  first  rib  to  the  sternal  end  of  the  clavicle,  where  it 
unites  with  the  internal  jugular  to  form  the  innominate  vein.  It  is  in  relation,  in 
front,  with  the  clavicle  and  Subclavius;  behind  and  above,  with  the  subclavian 
artery,  from  which  it  is  separated  medially  by  the  Scalenus  anterior  and  the  phrenic 
ner\'e.  Below,  it  rests  in  a  depression  on  the  first  rib  and  upon  the  pleura.  It  is 
usually  provided  with  a  pair  of  valves,  which  are  situated  about  2.5  cm.  from  its 
termination. 
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The  subclavian  vein  occasionally  rises  in  the  neck  to  a  level  with  the  third  part 
of  the  subclavian  artery,  and  occasionally  passes  with  this  vessel  behind  the  Scalenus 
anterior. 

Tributaries. — ^This  vein  receives  the  external  jugular  vein,  sometimes  the  anterior 
jugular  vein,  and  occasionally  a  small  branch,  which  ascends  in  front  of  the  clavicle, 
from  the  cephalic.  At  its  angle  of  junction  with  the  internal  jugular,  the  left 
subclavian  vein  receives  the  thoracic  duct,  and  the  right  subclavian  vein  the  right 
lymphatic  duct. 

The  Veins  of  the  Thorax  (Fig.  644) 

The  innominate  veins  (w,  anonymae;  brachiocephalic  veins)  are  two  large  trunks, 
placed  one  on  either  side  of  the  root  of  the  neck,  and  formed  by  the  union  of  the 
internal  jugular  and  subclavian  veins  of  the  corresponding  side;  they  are  devoid 
of  valves. 

The  Bight  Innomiiiate  Vein  {v.  anonyma  dextra)  is  a  short  vessel,  about  2.5  cm. 
in  length,  which  begins  behind  the  sternal  end  of  the  clavicle,  and,  passing  almost 
vertically  downward,  joins  with  the  left  innominate  vein  just  below  the  cartilage 
of  the  first  rib,  close  to  the  right  border  of  the  sternum,  to  form  the  superior  vena 
cava.  It  lies  in  front  and  to  the  right  of  the  innominate  artery;  on  its  right  side 
are  the  phrenic  nerve  and  the  pleura,  which  are  interposed  between  it  and  the  apex 
of  the  lung.  This  vein,  at  its  commencemnt,  receives  the  right  vertebral  vein;  and, 
lower  down,  the  right  internal  mammary  and  right  inferior  thyroid  veins,  and  some- 
times the  vein  from  the  first  intercostal  space. 

The  Left  Innominate  Vein  (i^.  anonyma  sinistra),  about  6  cm.  in  length,  begins 
behind  the  sternal  end  of  the  clavicle  and  runs  obliquely  downward  and  to  the 
right  behind  the  upper  half  of  the  manubrium  sterni  to  the  sternal  end  of  the  first 
right  costal  cartilage,  where  it  unites  with  the  right  innominate  vein  to  form  the 
saperior  vena  cava.  It  is  separated  from  the  manubrium  sterni  by  the  Sterno- 
hyoideus  and  Stemothyreoideus,  the  thymus  or  its  remains,  and  some  loose  areolar 
tissue.  Behind  it  are  the  three  large  arteries,  innominate,  left  common  carotid,  and 
left  subclavian,  arising  from  the  aortic  arch,  together  with  the  vagus  and  phrenic 
nerves.  The  left  innominate  vein  may  occupy  a  higher  level,  crossing  the  jugular 
notch  and  lying  directly  in  front  of  the  trachea. 

Tributaries. — Its  tributaries  are  the  left  vertebral,  left  internal  mammary,  left 
inferior  thyroid,  and  the  left  highest  intercostal  veins,  and  occasionally  some 
thjTnic  and  pericardiac  veins. 


L — Sometimes  the  innominate  veins  open  separately  into  the  right  atrium;  in 
such  cases  the  right  vein  takes  the  ordinary  course  of  the  superior  vena  cava;  the  left  vein — 
Irft  superior  vena  cavaj  as  it  is  then  termed — which  may  communicate  by  a  small  branch  with 
the  right  one,  passes  in  front  of  the  root  of  the  left  lung,  and,  turning  to  the  back  of  the  heart, 
ends  in  the  right  atrium.  This  occasional  condition  in  the  adult  is  due  to  the  persistence  of  the 
early  fetal  condition,  and  is  the  normal  state  of  things  in  birds  and  some  mammalia. 

The  internal  mammary  veins  (w.  mammariae  internae)  are  venae  comitantes 
to  the  lower  half  of  the  internal  mammary  artery,  and  receive  tributaries  corre- 
sponding to  the  branches  of  the  artery.  They  then  unite  to  form  a  single  trunk, 
which  runs  up  on  the  medial  side  of  the  artery  and  ends  in  the  corresponding 
innominate  vein.  The  superior  phrenic  vein,  i,  e.,  the  vein  accompanying  the  peri- 
cardiacophrenic artery,  usually  opens  into  the  internal  mammary  vein. 

The  inferior  thyroid  veins  {w.  ihyreoideae  inferiores)  two,  frequently  three  or 
four,  in  number,  arise  in  the  venous  plexus  on  the  thyroid  gland,  communicating 
with  the  middle  and  superior  thyroid  veins.  They  form  a  plexus  in  front  of  the 
trachea,  behind  the  Stemothyreoidei.  From  this  plexus,  a  left  vein  descends  and 
joins  the  left  innominate  trunk,  and  a  right  vein  passes  obliquely  downward  and  to 
the  right  across  the  innominate  arter>^  to  open  into  the  right  innominate  vein. 


752  ANGIOLOGY 

just  at  its  junction  with  the  superior  vena  cava;  sometimes  the  right  and  left  veins 
open  by  a  common  trunk  in  the  latter  situation.    These  veins  receive  oesophageal, 


Fio.  B44,— The  venae  cavac  and  aiygoB  veina,  with  their  IribulnriM. 

tracheal,  and  inferior  laryngeal    veins,  and    are  provided  with  valves  at  their 
terminations  in  the  innominate  veins. 
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The  highest  iatercostal  vein  (v.  intercostalis  suprevia;  superior  intercostal  veins) 
(right  and  left)  drain  the  blood  from  the  upper  three  or  four  intercostal  spaces. 
The  right  vein  (v.  intercostalis  suprema  dexira)  passes  downward  and  opens  into  the 
vena  azygos;  the  left  vein  (v.  intercostalis  suprema  sinistra)  runs  across  the  arch 
of  the  aorta  and  the  origins  of  the  left  subclavian  and  left  common  carotid 
arteries  and  opens  into  the  left  innominate  vein.  It  usually  receives  the  left 
bronchial  vein,  and  sometimes  the  left  superior  phrenic  vein,  and  communicates 
below  with  the  accessory  hemiazygos  vein. 

The  superior  vena  cava  {v.  cava  superior)  drains  the  blood  from  the  upper  half 
of  the  body.  It  measures  about  7  cm.  in  length,  and  is  formed  by  the  junction  of 
the  two  innominate  veins.  It  begins  immediately  below  the  cartilage  of  the  right 
first  rib  close  to  the  sternum,  and,  descending  vertically  behind  the  first  and  second 
intercostal  spaces,  ends  in  the  upper  part  of  the  right  atrium  opposite  the  upper 
border  of  the  third  right  costal  cartilage:  the  lower  half  of  the  vessel  is  within  the 
pericardium.  In  its  course  it  describes  a  slight  curve,  the  convexity  of  which  is 
to  the  right  side.' 

Relations. — In  front  are  the  anterior  margins  of  the  right  lung  and  pleura  with  the  pericardium 
intervening  below;  these  separate  it  from  the  first  and  second  intercostal  spaces  and  from  the 
second  and  third  right  costal  cartilages;  behind  it  are  the  root  of  the  right  lung  and  the  right 
vagus  nerve.  On  its  right  side  are  the  phrenic  nerve  and  right  pleura;  on  its  left  side,  the  com- 
mencement of  the  innominate  artery  and  the  ascending  aorta,  the  latter  overlapping  it.  Just 
before  it  pierces  the  pericardiiun,  it  receives  the  azygos  vein  and  several  small  veins  from  the 
pericardiimti  and  other  contents  of  the  mediastinal  cavity.  The  portion  contained  within  the 
pericardium  is  covered,  in  front  and  laterally,  by  the  serous  layer  of  the  membrane.  The  superior 
vena  cava  has  no  valves. 

The  azygos  vein  {v.  azygos;  vena  azygos  major)  begins  opposite  the  first  or  second 
lumbar  vertebra,  by  a  branch,  the  ascending  lumbar  vein  (page  763) ;  sometimes  by 
a  branch  from  the  right  renal  vein,  or  from  the  inferior  vena  cava.  It  enters  the 
thorax  through  the  aortic  hiatus  in  the  Diaphragma,  and  passes  along  the  right  side 
of  the  vertebral  column  to  the  fourth  thoracic  vertebra,  where  it  arches  forw^ard 
over  the  root  of  the  right  lung,  and  ends  in  the  superior  vena  cava,  just  before 
that  vessel  pierces  the  pericardium.  In  the  aortic  hiatus,  it  lies  with  the  thoracic 
duct  on  the  right  side  of  the  aorta;  in  the  thorax  it  lies  upon  the  intercostal  arteries, 
on  the  right  side  of  the  aorta  and  thoracic  duct,  and  is  partly  covered  by  pleura. 

Tributaries. — It  receives  the  right  subcostal  and  intercostal  veins,  the  upper  three 
or  four  of  these  latter  opening  by  a  common  stem,  the  highest  superior  intercostal 
vein.  It  receives  the  hemiazygos  veins,  several  oesophageal,  mediastinal,  and  peri- 
cardial veins,  and,  near  its  termination,  the  right  bronchial  vein.  A  few  imperfect 
valves  are  found  in  the  azygos  vein;  but  its  tributaries  are  provided  with  complete 
valves. 

The  intercostal  veins  on  the  left  side,  below  the  upper  three  intercostal  spaces, 
usually  form  two  trunks,  named  the  hemiazygos  and  accessory  hemiazygos  veins. 

The  Hemiazygos  Veins  (v,  hemiazygos;  vena  azygos  minor  inferior)  begins  in  the 
left  ascending  lumbar  or  renal  vein.  It  enters  the  thorax,  through  the  left  crus 
of  the  Diaphragma,  and,  ascending  on  the  left  side  of  the  vertebral  column,  as  high 
as  the  ninth  thoracic  vertebra,  passes  across  the  column,  behind  the  aorta,  oeso- 
phagus, and  thoracic  duct,  to  end  in  the  azygos  vein.  It  receives  the  lower  four 
or  five  intercostal  veins  and  the  subcostal  vein  of  the  left  side,  and  some  oesophageal 
and  mediastinal  veins. 

The  Accessory  Hemiazygos  Vein  (v.  hemiazygos  accessoria;  vena  azygos  minor  supe- 
rior) descends  on  the  left  side  of  the  vertebral  column,  and  varies  inversely  in  size 
with  the  highest  left  intercostal  vein.  It  receives  veins  from  the  three  or  four 
intercostal  spaces  between  the  highest  left  intercostal  vein  and  highest  tributary 
of  the  hemiazygos;  the  left  bronchial  vein  sometimes  opens  into  it.  It  either  crosses 
48 
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the  body  of  the  eighth  thoracic  vertebra  to  join  the  azj'gos  vein  or  ends  in  the 
hemiazygos.  When  this  veia  is  small,  or  altogether  wanting,  the  left  highest 
intercostal  vein  may  extend  as  low  as  the  fifth  or  sixth  intercostal  space. 

Applied  Anatomr. — In  obatmction  of  the  superior  vena  cava,   the  azygoa  and  hemiazygos 

veina  are  one  of  the  principal  means  by  which  the  venous  circulation  is  carried  on,  connecting 
aa  they  do  the  superior  and  inferior  veiuc  cavce,  and  communicating  with  the  common  iliac  veiiu 
by  the  ascending  lumbar  veins  and  with  many  of  the  tributaries  of  the  inferior  vena  cava. 

Thrombosis  of  the  superior  vena  cava  ia  oftenest  due  to  pressure  exerted  on  the  vcBsel  by  an 
aneurism  or  a  tumor;  it  may  aha  occur  by  propagation  of  clotting  from  a  tributary  peripheral 
vein.  If  occlusion  of  the  vessel  take  place  slowly,  a  collateral  venous  circulation  may  be  estab- 
lished; the  patient  will  have  some  (edema  with  dilatation  and  congestion  of  the  veins  about  the 
head  and  neck,  and  may  also  suffer  from  attacks  of  dyspnoea  and  recurrent  pleural  effusion. 
Id  most  cases,  however,  the  blockage  of  the  superior  cava  t^es  place  rapidly,  and  is  rapidly  fatal 

The  Bronchial  Veins  (to.  bronckiaks)  return  the  blood  from  the  larger  bronchi,  and 
from  the  structures  at  the  roots  of  the  lungs;  that  of  the  right  side  opens  into  the 
azygos  vein,  near  its  terminatipn;  that  of  the  left  side,  into  the  highest  left  inter- 
costal or  the  accessory  hemiazygos  vein,  A  considerable  quantity  of  the  blood  which 
is  carried  to  the  lungs  through  the  bronchial  arteries  is  returned  to  the  left  side  of 
the  heart  through  the  pulmonary  \'eins, 

PoaUHor  external  jilrxueta 
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The  Veins  of  the  Vertebral  Column  (Pigs.  645,  646). 

The  veins  which  drain  the  blood  from  the  vertebral  column,  the  nei^boring 
muscles,  and  the  meninges  of  the  medulla  spinalis  form  intricate  plexuses  extending 
along  the  entire  length  of  the  column;  these  plexuses  may  be  divided  into  two 
groups,  external  and  internal,  according  to  their  positions  inside  or  outside  the 
vertebral  canal.  The  plexuses  of  the  two  groups  anastomose  freely  with  each  other 
and  end  in  the  intervertebral  veins. 

The  external  Tertebral  venoos  plexuses  (plexus  venosi  veTtehrales  exUmi;  extra- 
spinal  veins)  best  marked  in  the  cervical  region,  consist  of  anterior  and  posterior 
plexuses  which  anastomose  freely  with  each  other.  The  anterior  external  plexuses 
lie  in  front  of  the  bodies  of  the  vertebrEe,  communicate  with  the  basivertebral  and 
intervertebral  veins,  and  receiv'e  tributaries  from  the  vertebral  bodies.  The  pos- 
terior external  plexuses  are  placed  partly  on  the  posterior  surfaces  of  the  vertebral 
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arches  and  their  processes,  and  partly  between  the  deep  dorsal  muscles.  They  are 
best  developed  in  the  cervical  region,  and  there  anastomose  with  the  vertebral, 
occipital,  and  deep  cervical  veins. 

The  internal  vertebral  venous  plexuses  (plexus  venosi  vertebrales  iniemi;  intra- 
spinal  veins)  lie  within  the  vertebral  canal  between  the  dura  mater  and  the  verte- 
brae, and  receive  tributaries  from  the  bones  and  from  the  medulla  spinalis.  They 
form  a  closer  net- work  than  the  external  plexuses,  and,  running  mainly  in  a  vertical 
direction,  form  four  longitudinal  veins,  two  in  front  and  two  be'hind;  they  therefore 
may  be  divided  into  anterior  and  posterior  groups.  The  anterior  internal  plexuses 
consist  of  large  veins  which  lie  on  the  posterior  surfaces  of  the  vertebral  bodies  and 
intervertebral  fibrocartilages  on  either  side  of  the  posterior  longitudinal  ligament; 
under  cover  of  this  ligament  they  are  connected  by  transverse'  branches  into  w-hich 
the  basivertebral  veins  open.  The  posterior  internal  plexuses  are  placed,  one  on 
either  side  of  the  middle  line  in  front  of  the  vertebral  arches  and  ligamenta  flava, 
and  anastomose  by  veins  passing  through  those  ligaments  with  the  posterior  exter- 
nal plexuses.  The  anterior  and  posterior  plexuses  communicate  freely  with  one 
another  by  a  series  of  venous  rings  {retia  venosa  vertebrarum),  one  opposite  each 
vertebra.  Around  the  foramen  magnum  they  form  an  intricate  net-work  which 
opens  into  the  vertebral  veins  and  is  connected  above  with  the  occipital  sinus, 
the  basilar  plexus,  the  condyloid  emissary  vein,  and  the  rete  canalis  hypoglossi. 

The  basivertebral  veins  (w.  basivertebrales)  emerge  from  the  foramina  on  the 
posterior  surfaces  of  the  vertebral  bodies.  They  are  contained  in  large,  tortuous 
channels  in  the  substance  of  the  bones,  similar  in  every  respect  to  those  found  in 
the  diploe  of  the  cranial  bones.  They  communicate  through  small  openings  on  the 
front  and  sides  of  the  bodies  of  the  vertebrse  with  the  anterior  external  vertebral 
plexuses,  and  converge  behind  to  the  principal  canal,  which  is  sometimes  double 
toward  its  posterior  part,  and  open  by  valved  orifices  into  the  transverse  branches 
which  unite  the  anterior  internal  vertebral  plexuses.  They  become  greatly  enlarged 
in  advanced  age. 

The  intervertebral  veins  (w.  intervertebrales)  accompany  the  spinal  nerves 
through  the  intervertebral  foramina;  they  receive  the  veins  from  the  medulla 
spinalis,  drain  the  internal  and  external  vertebral  plexuses  and  end  in  the  vertebral, 
intercostal,  lumbar,  and  lateral  sacral  veins,  their  orifices  being  provided  with 
valves. 

The  veins  of  the  medulla  spinalis  (w.  spinales;  veins  of  the  spinal  cord)  are 
situated  in  the  pia  mater  and  form  a  minute,  tortuous,  venous  plexus.  They 
emerge  chiefly  from  the  median  fissures  of  the  medulla  spinalis  and  are  largest  in 
the  lumbar  region.  In  this  plexus  there  are  (1)  two  median  longitudinal  veins, 
one  in  front  of  the  anterior  fissure,  and  the  other  behind  the  posterior  sulcus  of  the 
cord,  and  (2)  four  lateral  longitudinal  veins  which  run  behind  the  nerve  roots. 
They  end  in  the  intervertebral  veins.  Near  the  base  of  the  skull  they  unite,  and 
form  two  or  three  small  trunks,  which  communicate  with  the  vertebral  veins, 
and  then  end  in  the  inferior  cerebellar  veins,  or  in  the  inferior  petrosal  sinuses. 


THE  VEINS  OF  THE  LOWER  EXTBEMITT,  ABDOMEN,  AND  PELVIS. 

The  veins  of  the  lower  extremity  are  subdivided,  Hke  those  of  the  upper,  into 
two  sets,  superficial  and  deep ;  the  superficial  veins  are  placed  beneath  the  integument 
between  the  two  layers  of  superficial  fascia;  the  deep  veins  accompany  the  arteries. 
Both  sets  of  veins  are  provided  with  valves,  w^hich  are  more  numerous  in  the  deep 
than  in  the  superficial  set.  Valves  are  also  more  numerous  in  the  veins  of  the 
lower  than  in  those  of  the  upper  limb. 
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The  Siqwiflciat  Veins  of  the  Lower  Extremity. 

The  ropeificial  vflins  of  the  lower  extremity  are  the  (leat  and  small  a 
TeinB  and  their  tributaries. 

On  the  doraam  of  the  foot  the  dorsal  digital  veins  receive,  in  the  clefts  between  the 
toes,  the  intercapitolai  veins  from  the  plantar  cutaneous  venous  arch  and  join  to 
form  short  common  digital  veins  which  unite  across 
the  distal  ends  of  the  metatarsal  bones  in  a  dorsal 
venous  arch.  Proximal  to  this  arch  is  an  irregular 
venous  net-work  which  receives  tributariesfrom  the 
deep  veins  and  is  joined  at  the  sides  of  the  foot  by 
a  medial  and  a  lateral  margiital  vein,  formed  mainly 
by  the  union  of  branches  from  the  superficial 
parts  of  the  sole  of  the  foot. 

On  the  sole  of  tlie  foot  the  superfidal  veins  form 
a  plantar  cutaneous  venous  arcli  which  extends 
across  the  roots  of  the  toes  and  opens  at  the  sides 
of  the  foot  into  the  medial  and  lateral  marginal 
veins.  Proximal  to  this  arch  is  a  plantar  cutaneous 
venous  net-work  which  is  especially  dense  in  the  fat 
beneath  the  heel;  this  net-work  communicates  with 
the  cutaneous  venous  arch  and  with  the  deep 
veins,  but  is  chiefly  drained  into  the  medial  and 
lateral  marginal  veins. 

The  great  saphenous  vein  (c.  saphena  magna; 
internal  or  long  saphenous  zein)  (Fig.  647),  the 
longest  vein  in  the  body,  begins  in  the  medial 
marginal  vein  of  the  dorsum  of  the  foot  and  ends 
in  the  femoral  vein  about  3  cm.  below  the  inguinal 
ligament.  It  ascends  in  front  of  the  tibial  malle- 
olus and  along  the  medial  side  of  the  leg  id  rela- 
tion with  the  saphenous  ner\e.  It  runs  upward 
behind  the  medial  condyles  of  the  tibia  and  femur 
and  along  the  medial  side  of  the  thigh  and,  passing 
through  the  fossa  ovalis,  ends  in  the  femoral  vein. 

Tributaries. — At  the  ankle  it  receives  branches 
from  the  sole  of  the  foot  through  the  medial 
marginal  vein;  in  the  leg  it  anastomoses  freely 
nith  the  small  saphenous  vein,  communicates  with 
the  anterior  and  posterior  tibial  veins  and  receives 
many  cutaneous  veins;  in  the  thigh  it  communi- 
cates with  the  femoral  vein  and  receives  numerous 
tributaries;  those  from  the  medial  and  posterior 
parts  of  the  thigh  frequently  unite  to  form  a 
large  accessory  saphenous  vein  which  joins  the 
main  vein  at  a  variable  level.  Near  the  fossa 
ovalis  (Fig.  648)  it  is  joined  by  the  superficial  epi- 
gastric, superficial  iliac  circumfiex,  and  superficial 
external  pudendal  veins.  A  vein,  named  the 
thoracoepigastric,  runs  along  the  lateral  aspect  of 
the  trunk  between  the  superficial  epigastric  vein 
below  and  the  lateral  thoracic  vein  above  and 
establishes  an  important  communication  between 

Fia.  647. — The  srcat  snpheDDua  vein  and       ^i_      e  i  i  -n 

iu  tributaries,  ttic  fcmoral  and  axillary  vems. 
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The  valves  in  the  great  saphenous  vein  vary  from  ten  to  twenty  in  number; 
they  are  more  numerous  in  the  leg  than  in  the  thigh. 

The  small  saphenous  vein  (v.  saphena  parva;  external  or  short  saphenous  vein) 
(Fig.  649)  beffins  behind  the  lateral  malleolus  as  a  continuation  of  the  lateral 
marginal  vein;  it  first  ascends  along  the  lateral  margin  of  the  tendocalcaneus, 
and  then  crosses  it  to  reach  the  middle  of  the  back  of  the  leg.  llunning  directly 
upward,  it  perforates  the  deep  fascia  in  the  lower  part  of  the  popliteal  fossa,  and 
ends  in  the  popliteal  vein,  between  the  heads  of  the  Gastrocnemius.  It  communi- 
cates with  the  deep  veins  on  the  dorsum  of  the  foot,  and  receives  numerous  large 
tributaries  from  the  back  of  the  leg.  Before  it  pierces  the  deep  fascia,  it  pves  off 
a  branch  which  runs  upward  and  forward  to  join  the  great  saphenous  vein.  "Hie 
small  saphenous  vein  possesses  from  nine  to  twelve  valves,  one  of  which  is  always 
found  near  its  termination  in  the  popliteal  vein.  In  the  lower  third  of  the  leg  the 
small  saphenous  vein  is  in  close  relation  with  the  sural  nerve,  in  the  upper  two- 
thirds  with  the  medial  sural  cutaneous  nerve. 


a    Fid.  643. — The  iKst  aaphenDui  vein  nod  iu  iribuuriei  at  the  torn  ovslia. 

^plM  AnAtOBV.— A  varicose  condition  of  the  saphenous  veina  is  more  frequently  met  with 
than  in  the  other  veins  of  the  body,  except  perhaps  the  s|>ennBtic  and  hemorrhoidal  veins.  The 
main  cause  of  this  is  the  high  blood  pressure,  determined  chiefly  by  the  erect  position,  and  the 
length  of  the  column  of  blood,  which  has  to  be  propelled  in  an  uphill  direction.  In  normal  vessels 
there  is  only  just  BufGcient  force  to  perform  this  task;  and  in  those  cases  where  there  is  diminished 
resistance  of  the  walls  of  the  veins,  these  vessels  are  liable  to  dilate  and  a  varicose  condition  is 
set  up.  This  dimiaJBhed  resistance  may  be  due  to  heredity,  the  vein  walls  being  congenitally 
weak,  or  it  may  follow  inflammatoFy  conditions  of  the  vessels.  Increased  blood  pressure  in  the 
veJDS,  caused  by  any  obstacle  to  the  return  of  the  venous  blood,  such  as  the  pressure  of  a  tumor, 
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or  the  gravid  uterus,  or  tight  gartering,  may  aiao  produce  varix.    In  the  normal  condition  of  the 
veins,  the  valves  in  their  interior  break  up  the  column  of  blood  into  a  number  of  smaller  columns, 
and  HO  to  a  considerable  extent  mitigate  the  ill  effects  of  the  erect  position;  but  when  the  dilata- 
tion of  the  veins  has  reached  a  certain  limit,  the  valves  became  incapable  of  supporting  the  over- 
lying column  of  blood,  and  the  pressure  is  increased,  tending  to  em- 
phasize also  the  varicose  condition.    Both  the  saphenous  veins  in 
the  leg  are  accompanied  by  nerves,  the  great  saphenous  being 
joined  by  its  companion  nerve  just  below  the  level  of  the  knee- 
joint.    No  doubt  much  of  the  pain  of  varicose  veins  in  the  leg  is 
due  to  this  fact. 

Operations  for  the  relief  of  varicose  veins  are  frequently  re- 
quired, portions  of  the  veins  being  removed  after  having  been 
hgatured  above  and  below.  It  is  important  to  note  whether  the 
main  varicose  area  drains  into  the  great  or  the  small  s^henous 
vein- — the  former  condition  being  much  the  more  common — and 
to  control  the  venous  return  by  removing  a  small  portion  of  the 
main  trunic  just  before  it  opens  into  the  deep  vein  by  passing 
through  the  deep  faseia;  thus  in  most  cases  a  piece  should  be  re- 
moved from  the  great  saphenous  just  before  it  passes  through 
the  fossa  ovalis  (saphenous  opening),  and  in  addition  the  affected 
veins  should  be  excised  just  above  and  just  below  the  level  of  the 
knee-joint.  In  other  cases  the  small  saphenous  will  have  to  he 
dealt  with  immediately  below  the  point  where  it  pierces  the  fascial 
roof  of  the  pophteal  fossa. 

Tbe  Deep  Veins  of  the  Lovet  Extiemi^. 

The  deep  veins  of  the  lower  extremity  accompany  the 
arteries  and  their  branches;  they  possess  numerous  valvea. 
The  plantar  tligital  veins  (i^.  digitales  planiares)  arise 
from  plexuses  on   the  plantar  surfaces  of  the   digits, 
and,  after  sending  intereapitolar  reins  to  join  the  dorsal 
digital  veins,  unite  to  form  four  metatarsal  veins;  these 
run  backward  in  the   metatarsal   spaces,  communicate, 
by  means  of  perforating  veins,  with  the  veins  on   the 
dorsum  of  the  foot,  and  unite  to  form  the  deep  plantar 
venous  arch  which  lies  alongside  the  plantar  arterial  arch. 
From  the  deep   plantar  venous  arch   the   medial  and 
lateral  plantar  veins  run  backward  close  to  the  corre- 
sponding arteries   and,  after  communicating  with   the 
la.  949.—    e^."™"  »op  enoua    g^eat  and  Small  saphenous  veins,  unite  behind  the  medial 
malleolus  to  form  the  posterior  tibial  veins. 
The  posterior  tibial  veins  (rv.  tibiales  posteriores)    accompany  the  posterior 
tibial  artery,  and  are  joine<l   by  the  peioneaj  veins. 

The  anterior  tibial  veins  {m.  tibiales  anteriores)  are  the  upward  continuation 
of  the  venae  comitantes  of  the  dorsalis  pedis  artery.  They  leave  the  front  of  the 
leg  by  passing  between  the  tibia  and  fibula,  over  the  interosseous  membrane,  and 
unite  with  the  posterior  tibial,  to  form  the  popliteal  vein. 

The  Popliteal  Vein  (p.  /yoplilea)  is  formed  by  the  junction  of  the  anterior  and 
posterior  tibial  veins  at  the  lower  border  of  the  Popliteus;  it  ascends^hrough  the 
popliteal  fossa  to  the  aperture  in  the  Adductor  magnus,  where  it  becomes  the  femoral 
vein.  In  the  lower  part  of  its  course  it  is  placed  medial  to  the  arterj;  between 
the  heads  of  the  Gastrocnemius  it  is  superficial  to  that  \'essel;  but  above  the  knee- 
joint,  it  is  close  to  its  lateral  side.  It  receives  tributaries  corresponding  to  the 
branches  of  the  popliteal  artery,  and  it  also  ^ecei^'es  the  small  saphenous  vein. 
The  valves  in  the  popliteal  vein  are  usually  four  in  number. 

The  femoral  vein  (s.  femoralh)  accompanies  the  femoral  artery  through  the 
upper  two-thinis  of  the  thigh.    In  the  lower  part  of  its  course  it  lies  lateral  to  the 
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artery;  higher  up,  it  is  behind  it;  and  at  the  inguinal  ligament,  it  lies  on  its  medial 
side,  and  on  the  same  plane.  It  receives  numerous  muscular  tributaries,  and 
about  4  cm.  below  the  inguinal  ligament  is  joined  by  the  v.  profunda  femoris; 
near  its  termination  it  is  joined  by  the  great  saphenous  vein.  The  valves  in  the 
femoral  vein  are  three  in  number. 

The  Deep  Femoral  Vem  (v.  profunda  femorw)  receives  tributaries  corresponding 
to  the  perforating  branches  of  the  profunda  artery,  and  through  these  establishes 
communications  with  the  popliteal  vein  below  and  the  inferior  gluteal  vein  above. 
It  also  receives  the  medial  and  lateral  femoral  circumflex  veins. 


VlUft^iti 


Fio,  850.— The  i 


The  Veins  of  the  Abdomen  and  Pelvis  (Fig.  650). 

The  external  iliac  vein  (v.  iliaca  externa),  the  upward  continuation  of  the  femoral 
vein,  be^ns  behind  the  inguinal  ligament,  and,  passing  upward  along  the  brim 
of  the  lesser  pelvis,  ends  opposite  the  sacroiliac  articulation,  by  uniting  with  the 
hjfK^astric  vein  to  form  the  common  iliac  vein.  On  the  right  side,  it  lies  at  first 
medial  to  the  artery:  but,  as  it  passes  upwani,  gradually  inclines  behind  it.    On 
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the  left  side,  it  lies  altogether  on  the  medial  side  of  the  arter}\  It  frequently 
contains  one,  sometimes  two,  valves. 

Tributaries. — ^The  external  iliac  vein  receives  the  inferior  epigastric,  deep  iliac 
circumflex,  and  pubic  veins. 

The  Inferior  Epigastric  Vein  (v.  epigastnca  inferior;  deep  epigastric  win)  is  formed 
by  the  union  of  the  venae  comitantes  of  the  inferior  epigastric  artery,  which  com- 
municate above  with  the  superior  epigastric  vein;  it  joins  the  external  iliac  about 
1.25  cm*,  above  the  inguinal  ligament. 

The  Deep  Iliac  Circumflex  Vein  {v,  circumflexa  ilium  profunda)  is  formed  by  the 
union  of  the  venae  comitantes  of  the  deep  iliac  circumflex  artery,  and  joins  the 
external  iliac  vein  about  2  cm.  above  the  inguinal  ligament. 

The  Pubic  Vein  communicates  with  the  obturator  vein  in  the  obturator  foramen, 
and  ascends  on  the  back  of  the  pubis  to  the  external  iliac  vein. 

The  hypogastric  vein  {v.  hypogastrica;  internal  ilia^c  vein)  begins  near  the  upper 
part  of  the  greater  sciatic  foramen,  passes  upward  behind  and  slightly  medial  to 
the  hypogastric  artery  and,  at  the  brim  of  the  pelvis,  joins  with  the  external  iliac 
to  form  the  common  iliac  vein. 

Tributaries. — With  the  exception  of  the  fetal  umbilical  vein  which  passes  upward 
and  backward  from  the  umbilicus  to  the  liver,  and  the  iliolumbar  vein  which  usually 
joins  the  common  iliac  vein,  the  tributaries  of  the  hypogastric  vein  correspond 
with  the  branches  of  the  hypogastric  artery.  It  receives  (a)  the  gluteal,  internal 
pudendal,  and  obturator  veins,  which  have  their  origins  outside  the  pelvis;  (b)  the 
lateral  sacral  veins,  which  lie  in  front  of  the  sacrum;  and  (c)  the  middle  hemorrhoidal, 
vesical,  uterine,  and  vaginal  veins,  which  originate  in  venous  plexuses  connected 
with  the  pelvic  viscera. 

1.  The  Superior  Gluteal  Veins  (w.  gluta^ae  superiores;  gluteal  veins)  are  venae 
comitantes  of  the  superior  gluteal  artery;  they  receive  tributaries  from  the  buttock 
corresponding  with  the  branches  of  the  artery- ,  and  enter  the  pelvis  through  the 
greater  sciatic  foramen,  above  the  Piriformis,  and  frequently  unite  before  ending 
in  the  hypogastric  vein. 

2.  The  Inferior  Gluteal  Veins  (w.  glutaeae  inferiores;  sciatic  veins),  or  venae  comi- 
tantes of  the  inferior  gluteal  artery,  begin  on  the  upper  part  of  the  back  of  the 
thigh,  where  they  anastomose  with  the  medial  femoral  circumflex  and  first  perfor- 
ating veins.  They  enter  the  pelvis  through  the  lower  part  of  the  greater  sciatic 
foramen  and  join  to  form  a  single  stem  which  opens  into  the  lower  part  of  the  hypo- 
gastric vein. 

3.  The  Internal  Pudendal  Veins  {internal  pudic  veins)  are  the  venae  comitantes 
of  the  internal  pudendal  artery.  They  begin  in  the  deep  veins  of  the  penis  which 
issue  from  the  corpus  cavernosum  penis,  accompany  the  internal  pudendal  artery, 
and  unite  to  form  a  single  vessel,  which  ends  in  the  hypogastric  vein.  They  receive 
the  veins  from  the  urethral  bulb,  and  the  perineal  and  inferior  hemorrhoidal  veins. 
The  >deep  dorsal  vein  of  the  penis  communicates  with  the  internal  pudendal  veins, 
but  ends  mainly  in  the  pudendal  plexus. 

4.  The  Obturator  Vein  {v.  obturatoria)  begins  in  the  upper  portion  of  the  adductor 
region  of  the  thigh  and  enters  the  pelvis  through  the  upper  part  of  the  obturator 
foramen.  It  runs  backward  and  upward  on  the  lateral  wall  of  the  pelvis  below  the 
obturator  artery,  and  then  passes  between  the  ureter  and  the  hypogastric  artery, 
to  end  in  the  hypogastric  vein. 

5.  The  Lateral  Sacral  Veins  (w.  sacrales  laterales)  accompany  the  lateral  sacral 
arteries  on  the  anterior  surface  of  the  sacrum  and  end  in  the  hypogastric  vein. 

6.  The  Middle  Hemorrhoidal  Vein  {v,  Jiaemorrhoidalis  media)  takes  origin  in  the 
hemorrhoidal  plexus  and  receives  tributaries  from  the  bladder,  prostate,  and 
seminal  vesicle;  it  runs  lateralward  on  the  pelvic  surface  of  the  Levator  ani  to 
end  in  the  hypogastric  vein. 
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The  hemorrhoidal  plezas  (pleoeus  haemorrhoidalis)  surrounds  the  rectum,  and 
communicates  in  front  with  the  vesical  plexus  in  the  male,  and  the  uterovaginal 
plexus  in  the  female.  It  consists  of  two  parts,  an  internal  in  the  submucosa,  and  an 
external  outside  the  muscular  coat.  The  internal  plexus  presents  a  series  of  dilated 
pouches  which  are  arranged  in  a  circle  around  the  tube,  immediately  above  the 
anal  orifice,  and  are  connected  by  transverse  branches. 

The  lower  part  of  the  external  plexus  is  drained  by  the  inferior  hemorrhoidal 
veins  into  the  internal  pudendal  vein;  the  middle  part  by  the  middle  hemorrhoidal 
vein  which  joins  the  hypogastric  vein;  and  the  upper  part  by  the  superior  hemor- 
rhoidal vein  which  forms  the  commencement  of  the  inferior  mesenteric  vein, 
a  tributary  of  the  portal  vein.  A  free  communication  between  the  portal  and  sys- 
temic venous  systems  is  established  through  the  hemorrhoidal  plexus. 

The  pudendal  plexus  (plexus  pudendalis;  vesicoprostatic  pleoeus)  lies  behind  the 
arcuate  pubic  ligament  and  the  lower  part  of  the  symphysis  pubis,  and  in  front  of 
the  bladder  and  prostate.  Its  chief  tributary  is  the  deep  dorsal  vein  of  the  penis, 
but  it  also  receives  branches  from  the  front  of  the  bladder  and  prostate.  It  com- 
municates with  the  vesical  plexus  and  with  the  internal  pudendal  vein  and  drains 
into  the  vesical  and  hypogastric  veins.  The  prostatic  veins  form  a  well-marked 
prostatic  plexus  which  lies  partly  in  the  fascial  sheath  of  the  prostate  and  partly 
between  the  sheath  and  the  prostatic  capsule.  It  communicates  with  the  pudendal 
and  vesical  plexuses. 

The  vesical  plexus  {plexus  vesicalis)  envelops  the  lower  part  of  the  bladder  and 
the  base  of  the  prostate  and  communicates  with  the  pudendal  and  prostatic  plexuses 
It  is  drained,  by  means  of  several  vesical  veins,  into  the  hypogastric  veins. 

Applied  Anatomy. — The  veins  of  the  hemorrhoidal  plexus  are  apt  to  become  dilated  and  vari- 
cose, and  form  piles.  This  is  due  to  several  anatomical  reasons:  the  vessels  are  contained  in 
very  loose,  connective  tissue,  so  that  they  get  less  support  from  surrounding  structures  than 
most  other  veins,  and  are  less  capable  of  resisting  increased  blood  pressure;  the  condition  is 
favored  by  gravitation,  being  influenced  by  the  erect  posture,  either  sitting  or  standing,  and  by 
the  fact  that  the  superior  hemorrhoidal  and  portal  veins  have  no  valves;  the  veins  pass  throu^ 
muscular  tissue  and  are  liable  to  be  compressed  by  its  contraction,  especially  during  the  act  of 
defecation;  they  are  affected  by  every  form  of  portal  obstruction. 

The  prostatic  plexus  of  veins  is  apt  to  become  congested  in  many  inflammatory  conditions 
in  the  neighborhood,  such  as  acute  gonorrheal  prostatitis.  It  is  owing  to  the  free  communication 
which  exists  between  this  and  the  middle  hemorrhoidal  plexus  that  great  relief  can  be  given  by 
free  saline  purgation. 

Hemorrhage  may  be  very  free  from  the  prostatic  plexus  after  operations  on  that  gland,  but 
can  usually  be  checked  by  hot  fluid  irrigation.  Septic  thrombosis  sometimes  occurs  after  opera- 
tions, and  iivfected  emboli  may  find  their  way  into  the  general  circulation. 

The  Dorsal  Veins  of  the  Penis  (w.  dorsales  penis)  are  two  in  number,  a  superficial 
and  a  deep.  The  superficial  vein  drains  the  prepuce  and  skin  of  the  penis,  and, 
running  backward  in  the  subcutaneous  tissue,  inclines  to  the  right  or  left,  and  opens 
into  the  corresponding  superficial  external  pudendal  vein,  a  tributary  of  the  great 
saphenous  vein.  The  deep  vein  lies  beneath  the  deep  fascia  of  the  penis;  it  receives 
the  blood  from  the  glans  penis  and  corpora  cavernosa  penis  and  courses  backward 
in  the  middle  line  between  the  dorsal  arteries;  near  the  root  of  the  penis  it  passes 
between  the  tw^o  parts  of  the  suspensory  ligament  and  then  through  an  aperture 
between  the  arcuate  pubic  ligament  and  the  transverse  ligament  of  the  pelvis, 
and  divides  into  two  branches,  which  enter  the  pudendal  plexus.  The  deep  vein 
also  communicates  below  the  symphysis  pubis  with  the  internal  pudendal  vein. 

The  uterine  plezases  lie  along  the  sides  and  superior  angles  of  the  uterus  between 
the  two  layers  of  the  broad  ligament,  and  communicate  with  the  ovarian  and 
vaginal  plexuses.  They  are  drained  by  a  pair  of  uterine  veins  on  either  side:  these 
arise  from  the  lower  part  of  the  plexuses,  opposite  the  external  orifice  of  the  uterus, 
and  open  into  the  corresponding  hypogastric  vein. 
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The  vaginal  plexuses  are  placed  at  the  sides  of  the  vagina;  they  communicate 
with  the  uterine,  vesical,  and  hemorrhoidal  plexuses,  and  are  drained  by  the 
vaginal  veins,  one  on  either  side,  into  the  hypogastric  veins. 

The  common  iliac  veins  (w.  iliacae  communes)  are  formed  by  the  union  of  the 
external  iliac  and  hypogastric  veins,  in  front  of  the  sacroiliac  articulation;  passing 
obliquely  upward  toward  the  right  side,  they  end  upon  the  fifth  lumbar  vertebra, 
by  uniting  with  each  other  at  an  acute  angle  to  form  the  inferior  vena  cava.  The 
right  common  iliac  is  shorter  than  the  left,  nearly  vertical  in  its  direction,  and 
ascends  behind  and  then  lateral  to  its  corresponding  artery.  The  left  common 
iliac,  longer  than  the  right  and  more  oblique  in  its  course,  is  at  first  situated  on  the 
medial  side  of  the  corresponding  artery,  and  then  behind  the  right  common  iliac. 
Each  common  iliac  receives  the  iliolumbar,  and  sometimes  the  lateral  sacral  veins. 
The  left  receives,  in  addition,  the  middle  sacral  vein.  No  valves  are  found  in  these 
veins. 

The  Middle  Sacral  Veins  (iw.  aacrales  mediales)  accompany  the  corresponding 
artery  along  the  front  of  the  sacrum,  and  join  to  form  a  single  vein,  which  ends  in 
the  left  common  iliac  vein;  sometimes  in  the  angle  of  junction  of  the  two  iliac  veins. 

PeenliaritieB. — The  left  common  iliac  vein,  instead  of  joining  with  the  right  in  its  usual  posi- 
tion, occasionally  ascends  on  the  left  side  of  the  aorta  as  high  as  the  kidney,  where,  after  receiving 
the  left  renal  vein,  it  crosses  over  the  aorta,  and  then  joins  with  the  right  vein  to  form  the  vena 
cava.  In  these  cases,  the  two  common  iliacs  are  connected  by  a  small  communicating  branch 
at  the  spot  where  they  are  usually  united. 

The  inferior  vena  cava  {v.  cava  inferior)  (Fig.  644),  returns  to  the  heart  the  blood 
from  the  parts  below  the  Diaphragma.  It  is  formed  by  the  junction  of  the  two 
common  iliac  veins,  on  the  right  side  of  the  fifth  lumbar  vertebra.  It  ascends  along 
the  front  of  the  vertebral  column,  on  the  right  side  of  the  aorta,  and,  having  reached 
the  liver,  is  continued  in  a  groove  on  its  posterior  surface.  It  then  perforates 
the  Diaphragma  between  the  median  and  right  portions  of  its  central  tendon; 
it  subsequently  inclines  forward  and  medialward  for  about  2.5  cm.,  and,  piercing 
the  fibrous  pericardium,  passes  behind  the  serous  pericardium  to  open  into  the 
lower  and  back  part  of  the  right  atrium.  In  front  of  its  atrial  orifice  is  a  semilunar 
valve,  termed  the  valve  of  the  inferior  vena  cava:  this  is  rudimentary  in  the  adult 
but  is  of  large  size  and  exercises  an  important  function  in  the  fetus  (see  page  618)^ 

Relations. — The  abdominal  portion  of  the  inferior  vena  cava  is  in  relation  in  Jrovt^  from  below 
upward,  with  the  right  common  iliac  artery,  the  mesentery,  the  right  internal  spermatic  artery, 
the  inferior  part  of  the  duodenum,  the  pancreas,  the  common  bile  duct,  the  portal  vein,  and  the 
posterior  surface  of  the  liver;  the  last  partly  overlaps  and  occasionally  completely  surrounds  it; 
behind f  with  the  vertebral  column,  the  right  Psoas  major,  the  right  cms  of  the  Diaphragma,  the 
right  inferior  phrenic,  suprarenal,  renal  and  lumbar  arteries,  right  sympathetic  trunk  and  right 
cceliac  ganglion,  and  the  medial  part  of  the  right  suprarenal  gland;  on  the  right  aide,  with  the 
right  kidney  and  ureter;  on  the  left  side,  with  the  aorta,  right  crus  of  the  Diaphragma,  and  the 
caudate  lobe  of  the  liver. 

The  thoracic  portion  is  only  about  2.6  cm.  in  length,  and  is  situated  partly  inside  and  partly 
outside  the  pericardial  sac.  The  extrapericardial  part  is  separated  from  the  right  pleura  and 
lung  by  a  fibrous  band,  named  the  right  phrenicopericardiac  ligament.  This  ligament,  often 
feebly  marked,  is  attached  below  to  the  margin  of  the  vena-caval  opening  in  the  Diaphragma,  and 
above  to  the  pericardium  in  front  of  and  behind  the  root  of  the  right  lung.  The  intrapericardiac 
part  is  very  short,  and  is  covered  antero-laterally  by  the  serous  layer  of  the  pericardium. 

PecuJiaritieB. — In  Position. — This  vessel  is  sometimes  placed  on  the  left  side  of  the  aorta, 
as  high  as  the  left  renal  vein,  and,  after  receiving  this  vein,  crosses  over  to  its  usual  position  on 
the  right  side;  or  it  may  be  placed  altogether  on  the  left  side  of  the  aorta,  and  in  such  a  case  the 
abdominal  and  thoracic  viscera,  together  with  the  great  vessels,  are  all  transposed. 

Point  of  Termination. — Occasionally  the  inferior  vena  cava  joins  the  azygos  vein,  which  is 
then  of  large  size.  In  such  cases,  the  superior  vena  cava  receives  the  whole  of  the  blood  from 
the  body  before  transmitting  it  to  the  right  atrium,  except  the  blood  from  the  hepatic  veins, 
which  poisses  directly  into  the  right  atrium. 

Applied  Anatomy. — Thrombosis  of  the  inferior  vena  cava  is  due  to  much  the  same  causes  as 
that  of  the  superior  (see  p.  754).    It  usually  causes  oedema  of  the  legs  and  back,  without  ascites; 
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if  the  renal  veins  are  involved,  blood  and  albumin  will  often  appear  in  the  urine.  An  extensive 
collateral  venous  circulation  is  soon  established  by  enlargement  either  of  the  superficial  or  of  the 
deep  veins,  or  of  both.  In  the  first  case  the  epigastric,  the  iliac  circumflex,  the  lateral  thoracic, 
the  internal  mammary,  the  intercostak,  the  external  pudendal,  and  the  lumbovertebral  anasto- 
matic  veins  of  Braune  effect  the  communication  with  the  superior  cava;  in  the  second,  the  deep 
anastomosis  is  made  by  the  azygos  and  hemiazygos  and  the  lumbar  veins.^ 

Tributaries. — ^The  inferior  vena  cava  receives  the  following  veins: 

Lumbar.  Renal.  Inferior  Phrenic. 

Right  Spermatic  or  Ovarian.  Suprarenal.  Hepatic. 

The  Lumbar  Veins  (w.  lumbales)' four  in  number  on  each  side,  collect  the  blood 
by  dorsal  tributaries  from  the  muscles  and  integument  of  the  loins,  and  by  abdomi- 
nal tributaries  from  the  walls  of  the  abdomen,  where  they  coDMnunicate  with  the 
epigastric  veins.  At  the  vertebral  column,  they  receive  veins  from  the  vertebral 
plexuses,  and  then  pass  forward,  around  the  sides  of  the  bodies  of  the  vertebrae, 
beneath  the  Psoas  major,  and  end  in  the  back  part  of  the  inferior  cava.  The  left 
lumbar  veins  are  longer  than  the  right,  and  pass  behind  the  aorta.  The  lumbar 
veins  are  connected  together  by  a  longitudinal  vein  which  passes  in  front  of  the 
transverse  processes  of  the  lumbar  vertebrae,  and  is  called  the  ascending  lumbar; 
it  forms  the  most  frequent  origin  of  the  corresponding  azygos  or  hemiazygos  vein, 
and  serves  to  connect  the  common  iliac,  iliolumbar,  and  azygos  or  hemiazygos 
veins  of  its  own  side  of  the  body. 

The  Spermatic  Veins  (iw.  spermaticae)  emerge  from  the  back  of  the  testis,  and 
receive  tributaries  from  the  epididymis;  they  unite  and  form  a  convoluted  plexus, 
called  the  pampiniform  plexus,  which  constitutes  the  greater  mass  of  the  spermatic 
cord;  the  vessels  composing  this  plexus  are  very  numerous,  and  ascend  along  the 
cord,  in  front  of  the  ductus  deferens.  Below  the  subcutaneous  inguinal  ring  they 
unite  to  form  three  or  four  veins,  which  pass  along  the*inguinal  canal,  and,  entering 
the  abdomen  through  the  abdominal  inguinal  ring,  coalesce  to  form  two  veins, 
which  ascend  on  the  Psoas  major,  behind  the  peritoneum,  lying  one  on  either  side 
of  the  internal  spermatic  artery.  These  unite  to  form  a  single  vein,  which  opens 
on  the  right  side  into  the  inferior  vena  cava,  at  an  acute  angle;  on  the  left  side 
into  the  left  renal  vein,  at  a  right  angle.  The  spermatic  veins  are  provided  with 
valves.^  The  left  spermatic  vein  passes  behind  the  iliac  colon,  and  is  thus  exposed 
to  pressure  from  the  contents  of  that  part  of  the  bowel. 

Applied  Anatomy. — The  spermatic  veins  are  very  frequently  varicose,  constituting  the  condi- 
tion known  as  varicocele.  Though  it  is  quite  possible  that  the  originating  cause  of  this  affection 
may  be  a  congenital  weakness  of  the  walls  of  the  veins  of  the  pampiniform  plexus,  still  it  must 
be  admitted  that  there  are  many  anatomical  reasons  why  these  veins  should  become  varicose, 
viz.:  the  imperfect  support  afforded  to  them  by  the  loose  tissue  of  the  scrotum;  their  great  length; 
their  vertical  course;  their  dependent  position;  their  plexiform  arrangement  in  the  scrotum, 
with  their  termination  in  one  small  vein  in  the  abdomen;  their  few  and  imperfect  valves;  and 
the  fact  that  they  may  be  subjected  to  pressing  in  their  passage  through  the  abdominal  wall. 
Varicocele  almost  invariably  occurs  on  the  left  side,  and  this  has  been  accounted  for  by  the  facts 
that  the  left  spermatic  vein  joins  the  left  renal  at  a  right  angle;  that  it  is  overlaid  by  the  iliac  colon, 
and  that  when  this  portion  of  the  gut  is  full  of  fecal  matter,  in  cases  of  constipation,  its  weight 
impedes  the  return  of  the  venous  blood;  and  that  the  left  spermatic  veins  are  somewhat  longer 
than  the  right. 

The  operation  for  the  removal  of  a  varicocele  consists  in  making  a  small  incision  just  over  the 
subcutaneous  inguinal  ring  and  passing  an  aneurism  needle  around  the  mass  of  veins,  taking  care 
that  the  ductus  deferens  is  not  included.  The  veins  are  isolated  from  the  ductus  and  ligatured 
above  and  below,  as  high  and  as  low  as  possible,  and  the  intermediate  portion  cut  away;  the 
divided  ends  are  fixed  together  with  a  suture,  and  the  skin  wound  closed. 

*  G.  Blumer.  in  Osier  and  McCrae's  Modern  Medicine,  Philatielphia.  1908.  vol.  iv. 

*  Rivington  has  pointed  out  that  valves  are  usually  found  at  the  ori^ces  of  both  the  right  and  left  spermatic  veins. 
When  no  valves  exist  at  the  opening  of  the  left  spermatic  vein  into  the  left  renal  vein,  valves  are  generally  present  in 
the  left  renal  vein  within  0  mm.  from  the  orifice  of  the  spermatic  vein. — Journal  of  Anatomy  and  Physiology,  vii,  163. 
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The  Ovarian  Veins  (w.  ovaricae)  correspond  with  the  spermatic  in  the  male;  they 
form  a  plexus  in  the  broad  ligament  near  the  ovary  and  uterine  tube,  and  communi- 
cate with  the  uterine  plexus.  They  end  in  the  same  way  as  the  spermatic  veins 
in  the  male.  Valves  are  occasionally  found  in  these  veins.  Like  the  uterine  veins, 
they  become  much  enlarged  during  pregnancy. 

The  Banal  Veins  (w.  renales)  are  of  large  size,  and  placed  in  front  of  the  renal 
arteries.  The  left  is  longer  than  the  right,  and  passes  in  front  of  the  aorta,  just 
below  the  origin  of  the-  superior  mesenteric  artery.  It  receives  the  left  spermatic 
and  left  inferior  phrenic  veins,  and,  generally,  the  left  suprarenal  vein.  It  opens 
into  the  inferior  vena  cava  at  a  slightly  higher  level  than  the  right. 

The  Suprarenal  Veins  (w.  swprarenales)  are  two  in  number:  the  right  ends  in  the 
inferior  vena  cava;  the  left,  in  the  left  renal  or  left  inferior  phrenic  vein. 

The  Inferior  Phrenic  Veins  {w.  phrenicae  inferiores)  follow  the  course  of  the  inferior 
phrenic  arteries;  the  right  ends  in  the  inferior  vena  cava;  the  left  is  often  repre- 
sented by  two  branches,  one  of  which  ends  in  the  left  renal  or  suprarenal  vein, 
while  the  other  passes  in  front  of  the  oesophageal  hiatus  in  the  Diaphragma  and 
opens  into  the  inferior  vena  cava. 

The  Hepatic  Veins  {w.  hepaticae)  commence  in  the  substance  of  the  liver,  in  the 
terminations  of  the  portal  vein  and  hepatic  artery,  and  are  arranged  in  two  groups, 
upper  and  lower.  The  upper  group  usually  consists  of  three  large  veins,  which 
converge  toward  the  posterior  surface  of  the  liver,  and  open  into  the  inferior 
vena  cava,  while  that  vessel  is  situated  in  the  groove  on  the  back  part  of  the  liver. 
The  veins  of  the  lower  group  vary  in  number,  and  are  of  small  size;  they  come 
from  the  right  and  caudate  lobes.  The  hepatic  veins  run  singly,  and  are  in  direct 
contact  with  the  hepatic  tissue.    They  are  destitute  of  valves. 


THE  POBTAl  system   OF  VEINS    (Fig.  651). 

The  portal  system  includes  all  the  veins  which  drain  the  blood  from  the  abdominal 
part  of  the  digestive  tube  (with  the  exception  of  the  lower  part  of  the  rectum) 
and  from  the  spleen,  pancreas,  and  gall-bladder.  From  these  viscera  the  blood 
is  conveyed  to  the  liver  by  the  portal  vein.  In  the  liver  this  vein  ramifies  like  an 
artery  and  ends  in  capillary-like  vessels  termed  sinusoids,  from  which  the  blood  is 
conveyed  to  the  inferior  vena  cava  by  the  hepatic  veins.  From  this  it  will  be  seen 
that  the  blood  of  the  portal  system  passes  through  two  sets  of  minute  vessels, 
viz.,  (a)  the  capillaries  of  the  digestive  tube,  spleen,  pancreas,  and  gall-bladder; 
and  (b)  the  sinusoids  of  the  liver.  In  the  adult  the  portal  vein  and  its  tributaries 
are  destitute  of  valves;  in  the  fetus  and  for  a  short  time  after  birth  valves  can  be 
demonstrated  in  the  tributaries  of  the  portal  vein;  as  a  rule  they  soon  atrophy 
and  disappear,  but  in  some  subjects  they  persist  in  a  degenerate  form. 

The  portal  vein  {vena  poriae)  is  about  8  cm.  in  length,  and  is  formed  at  the  level 
of  the  second  lumbar  vertebra  by  the  junction  of  the  superior  mesenteric  and  lienal 
veins,  the  union  of  these  veins  taking  place  in  front  of  the  inferior  vena  cava  and 
behind  the  neck  of  the  pancreas.  It  passes  upward  behind  the  superior  part  of 
the  duodenum  and  then  ascends  in  the  right  border  of  the  lesser  omentum  to  the 
right  extremity  of  the  porta  hepatis,  w^here  it  divides  into  a  right  and  a  left  branch, 
which  accompany  the  corresponding  branches  of  the  hepatic  artery  into  the  sub- 
stance of  the  liver.  In  the  lesser  omentum  it  is  placed  behind  and  between  the 
common  bile  duct  and  the  hepatic  artery,  the  former  lying  to  the  right  of  the  latter. 
It  is  surrounded  by  the  hepatic  plexus  of  nerves,  and  is  accompanied  by  numerous 
lymphatic  vessels  and  some  lymph  glands.  The  right  branch  of  the  portal  vein 
enters  the  right  lobe  of  the  liver,  but  before  doing  so  generally  receives  the  cystic 
vein.    The  left  branch,  longer  but  of  smaller  calibre  than  the  right,  crosses  the  left 
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sagittal  fossa,  pves  branches  to  the  caudate  lobe,  and  then  enters  the  left  lobe  of 
the  liver.  As  it  crosses  the  left  sagittal  fossa  it  is  joined  in  front  by  a  fibrous  cord, 
the  liKameatnm  teres  {obliierated  umbilical  vein),  and  is  united  to  the  infenor  vena 
cava  by  a  second  fibrous  cord,  the  Ug amentum  venosum  (obliterated  ductus  venosus). 


Pio,  SSI.— Th«  portkl  vein  and  iti  tributuis. 

Tiibataries. — ^The  tributaries  of  the  portal  vein  are: 
Lienal.  Pyloric. 

Superior  Mesenteric.  Cystic, 

Coronary.  Parumbilical. 

The  Lienal  Vein  (v.  lienalia;  splenic  vein)  commences  by  five  or  six  large  branches 
which  return  the  blood  from  the  spleen.  These  unite  to  form  a  single  vessel,  which 
passes  from  left  to  right,  grooving  the  upper  and  back  part  of  the  pancreas,  below 
the  lineal  artery,  and  ends  behind  the  neck  of  the  pancreas  by  uniting  at  a  right 
angle  with  the  superior  mesenteric  to  form  the  portal  vein.  The  lienal  vein  is 
of  large  size,  but  is  not  tortuous  like  the  arterj'. 
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Tribataries. — The  lineal  vein  receives  the  short  gastric  veins,  the  left  gastro- 
epiploic vein,  the  pancreatic  veins,  and  the  inferior  mesenteric  veins. 

The  short  gastric  veins  (w.  gastricae  breves)  yt  out  or  five  in  number,  drain  the  fundus 
and  left  part  of  the  greater  curvature  of  the  stomach,  and  pass  between  the  two 
layers  of  the  gastrolienal  ligament  to  end  in  the  lienal  vein  or  in  one  of  its  large 
tributaries. 

The  left  gastroepiploic  vein  (v.  gaMroepiphica  sinistra)  receives  branches  from 
the  antero-superior  and  postero-inf erior  surfaces  of  the  stomach  and  from  the  greater 
omentiun;  it  runs  from  right  to  left  along  the  greater  curvature  of  the  stomach 
and  ends  in  the  commencement  of  the  lienal  vein. 

The  pancreatic  veins  (w.  pancreaticae)  consist  of  several  small  vessels  which  drain 
the  body  and  tail  of  the  pancreas,  and  open  into  the  trunk  of  the  lienal  vein. 

The  inferior  mesenteric  vein  (v.  mesenterica  inferior)  returns  blood  from  the  rectum 
and  the  sigmoid,  and  descending  parts  of  the  colon.  It  begins  in  the  rectum  as 
the  superior  hemorrhoidal  vein,  which  has  its  origin  in  the  hemorrhoidal  plexus, 
and  through  this  plexus  communicates  with  the  middle  and  inferior  hemor- 
rhoidal veins.  The  superior  hemorrhoidal  vein  leaves  the  lesser  pelvis  and  crosses 
the  left  common  iliac  vessels  with  the  superior  hemorrhoidal  artery,  and  is  con- 
tinued upward  as  the  inferior  mesenteric  vein.  This  vein  lies  to  the  left  of  its 
artery,  and  ascends  behind  the. peritoneum  and  in  front  of  the  left  Psoas  major; 
it  then  passes  behind  the  body  of  the  pancreas  and  opens  into  the  lienal  vein; 
sometimes  it  ends  in  the  angle  of  union  of  the  lienal  and  superior  mesenteric  veins. 

Tribataries. — ^The  inferior  mesenteric  vein  receives  the  sigmoid  veins  from  the 
sigmoid  colon  and  iliac  colon,  and  the  left  colic  vein  from  the  descending  colon  and 
left  colic  flexure. 

The  Superior  Mesenteric  Vein  (v,  meserUerica  superior)  returns  the  blood  from  the 
small  intestine,  from  the  cecum,  and  from  the  ascending  and  transverse  portions 
of  the  colon.  It  begins  in  the  right  iliac  fossa  by  the  union  of  the  veins  which  drain 
the  terminal  part  of  the  ileum,  the  cecum,  and  vermiform  process,  and  ascends 
between  the  two  layers  of  the  mesentery  on  the  right  side  of  the  superior  mes- 
enteric artery.  In  its  upward  course  it  passes  in  front  of  the  right  ureter,  the 
inferior  vena  cava,  the  inferior  part  of  the  duodenum,  and  the  lower  portion  of 
the  head  of  the  pancreas.  Behind  the  neck  of  the  pancreas  it  unites  with  the  lienal 
vein  to  form  the  portal  vein. 

Tributaries. — ^Besides  the  tributaries  which  correspond  with  the  branches  of  the 
superior  mesenteric  artery,  viz.,  the  intestinal,  ileocolic,  right  colic,  and  middle  colic 
veins,  the  superior  mesenteric  vein  is  joined  by  the  right  gastroepiploic  and  pan- 
creaticoduodenal veins. 

The  right  gastroepiploic  vein  (v.  gastroepiploica  dextra)  receives  branches  from  the 
greater  omentum  and  from  the  lower  parts  of  the  antero-superior  and  postero- 
inf  erior  surfaces  of  the  stomach;  it  runs  from  left  to  right  along  the  greater  curva- 
ture of  the  stomach  between  the  two  layers  of  the  greater  omentum. 

The  pancreaticoduodenal  veins  {w.  pancreaticoduodenales)  accompany  their  corre- 
sponding arteries;  the  lower  of  the  two  frequently  joins  the  right  gastroepiploic 
vein. 

The  Coronary  Vein  (u.  coronaria  ventriculi;  gastric  vein)  derives  tributaries  from 
both  surfaces  of  the  stomach;  it  runs  from  right  to  left  along  the  lesser  curs-ature 
of  the  stomach,  between  the  two  layers  of  the  lesser  omentum,  to  the  oesophageal 
opening  of  the  stomach,  where  it  receives  some  oesophageal  veins.  It  then  turns 
backward  and  passes  from  left  to  right  behind  the  omental  bursa  and  ends  in  the 
portal  vein. 

The  Pyloric  Vein  is  of  small  size,  and  runs  from  left  to  right  along  the  pyloric 
portion  of  the  lesser  curvature  of  the  stomach,  between  the  two  layers  of  the  lesser 
omentum,  to  end  in  the  portal  vein. 
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The  Cystic  Vein  {v.  cystica)  drains  the  blood  from  the  gall-bladder,  and,  accom- 
panying the  cystic  duct,  usually  ends  in  the  right  branch  of  the  portal  vein. 

Pammbilicid  YeinB(w,  parumbilicales). — In  the  course  of  the  ligamentum  teres 
of  the  liver  and  of  the  middle  umbilical  ligament,  small  veins  (parumbilical)  are 
found  which  establish  an  anastomosis  between  the  veins  of  the  anterior  abdominal 
wall  and  the  portal,  hypogastric,  and  iliac  veins.  The  best  marked  of  these  small 
veins  is  one  which  commences  at  the  umbilicus  and  runs  backward  and  up^'ard 
in,  or  on  the  surface  of,  the  ligamentum  teres  between  the  layers  of  the  falciform 
ligament  to  end  in  the  left  portal  vein. 

i^^ed  Anatomy. — Obstruction  to  the  portal  vein  may  produce  ascites,  and  this  may  arise 
from  many  causes:  as  (1)  the  pressure  of  a  tumor  on  the  portal  vein,  such  as  cancer  or  hydatid 
cyst  in  the  liver,  enlarged  lymph  glands  in  the  lesser  omentum,  or  cancer  of  the  head  of  the 
pancreas;  (2)  from  cirrhosis  of  the  liver,  when  the  radicles  of  the  portal  vein  are  pressed  upon 
by  the  contracting  fibrous  tissue  in  the  portal  canals;  (3)  from  valvular  disease  of  the  heart,  and 
back  pressure  on  the  hepatic  veins,  and  so  on  the  whole  of  the  circulation  through  the  liver.  In 
this  condition  the  prognosis  as  regards  life  and  freedom  from  ascites  may  be  much  improved  by 
the  establishment  of  a  good  collateral  venous  circulation  to  relieve  the  portal  obstruction  in  the 
liver.  This  is  effected  by  communications  between  (a)  the  gastric  veins  and  the  oesophageal 
veins  which  often  project  as  a  varicose  bunch  into  the  stomach,  emptying  themselves  into  the 
hemiazygos  vein;  (6)  the  veins  of  the  colon  and  duodenum  and  the  left  renal  vein;  (c)  the  accessory 
portal  system  of  Sappey,  branches  of  which  pass  in  the  round  and  falciform  ligaments  (particu- 
larly the  latter)  to  unite  with  the  epigastric  and  internal  mammary  veins,  and  through  the  dia- 
phragmatic veins  with  the  azygos;  a  single  large  vein,  shown  to  be  a  parumbilical  vein,  may  pass 
from  the  hilus  of  the  liver  by  the  round  ligament  to  the  umbilicus,  producing  there  a  bunch  of 
prominent  varicose  veins  known  as  the  caput  medusae;  (d)  the  veins  of  Retzius,  which  connect 
the  intestinal  veins  with  the  inferior  vena  cava  and  its  retroperitoneal  branches;  (e)  the  inferior 
mesenteric  veins,  and  the  hemorrhoidal  veins  that  open  into  the  hypogastrics;  (f)  very  rarely 
the  ductus  venoeus  remains  patent,  affording  a  direct  connection  between  the  portal  vein  and 
the  inferior  vena  cava. 

An  operation  for  the  relief  of  portal  obstruction  on  these  lines  hafl  been  advocated  by  Ruther- 
ford Morison  and  by  Talma.  It  consists  in  curetting  the  opposed  surfaces  of  the  liver  and  Dia- 
phragma  and  stitching  them  together,  so  as  to  secure  vascular  inflammatory  adhesions  between 
the  two.  The  greater  omentum  may  with  advantage  be  interposed  between  them,  so  as  to  increase 
the  amount  of  the  adhesions,  and  the  spleen  has  been  similarly  scraped  and  sutured  to  or  into 
the  abdominal  wall.    The  operation  should  not  be  deferred  until  the  patient  is  moribund. 

Thrdmbosis  of  the  portal  vein,  or  pylethrombosis,  is  a  very  serious  event,  and  is  oftenest  due 
to  pathological  processes  causing  compression  of  the  vessel  or  injury  to  its  wall,  such  as  tumors 
or  inflammation  about  the  pylorus,  head  of  the  pancreas,  or  vermiform  process,  or  to  gall-stones, 
or  cirrhosis  of  the  liver.  If  the  thrombus  is  infected  with  bacteria,  as  is  often  the  case  when  it 
is  due  to  appendicitis,  septic  or  suppurative  pylephlebitis  results;  this  condition  is  known  also 
as  portal  pyemia.  Fragments  of  the  infected  clot  break  off  and  are  carried  away  to  lodge  in  the 
smaller  veins  in  the  liver,  with  the  development  of  multiple  abscesses  in  its  substance  and  a 
rapidly  fatal  result.  When  the  thrombus  is  sterile,  the  chief  signs  produced  are  enlargement 
of  the  spleen,  reciurent  ascites,  and  the  establishment  of  a  collateral  venous  circulation,  the 
case  clinically  resembling  one  of  atrophic  cirrhosis  of  the  liver. 

The  83rmptoms  of  thrombosis  of  the  mesenteric  veins  are  very  much  the  same  as  those  of 
embolism  of  the  mesenteric  arteries  (see  p.  696). 


THE  LYMPHATIC  SYSTEM. 


nnHE  lymphatic  system  includes  the  Ijrmphatic  vessels  and  lymph  glands.  The  lym- 
^  phatic  vessels  of  the  small  intestine  receive  the  special  designation  of  lacteals 
or  chyliferous  vessels;  they  differ  in  no  respect  from  the  lymphatic  vessels  generally 
excepting  that  during  the  process  of  digestion  they  contain  a  milk-white  fluid, 
the  chyle. 

The  lymphatic  vessels  are  exceedingly  delicate,  and  their  coats  are  so  transparent 
that  the  fluid  they  contain  is  readily  seen  through  them.  They  are  interrupted 
at  intervals  by  constrictions,  which  give  them  a  knotted  or  beaded  appearance; 
these  constrictions  correspond  to  the  situations  of  valves  in  their  interior.  Lym- 
phatic vessels  have  been  found  in  nearly  every  texture  and  organ  of  the  body 
which  contains  bloodvessels.  Such  non-vascular  structures  as  cartilage,  the  nails, 
cuticle,  and  hair  have  none,  but  these  with  exceptions  it  is  probable  that  eventually 
all  parts  will  be  found  to  be  permeated  by  these  vessels. 

Stracture  of  Lymphatic  Vessels. — The  larger  lymphatic  vessels  are  each  composed  of  three 
coats.  The  internal  coat  is  thin,  transparent,  slightly  elastic,  and  consists  of  a  layer  of  elongated 
endotheUal  cells  with  wavy  margins  by  which  the  contiguous  cells  are  dovetailed  into  one  another; 
the  cells  are  supported  on  an  elastic  membrane.  The  middle  coat  is  composed  of  smooth  muscular 
and  fine  elastic  fibres,  disposed  in  a  transverse  direction.  The  external  coat  consists  of  connective 
tissue,  intermixed  ■  with  smooth  muscular  fibres  longitudinally  or  obUquely  disposed;  it  forms 
a  protective  covering  to  the  other  coats,  and  serves  to  connect  the  vessel  with  the  neighboring 
structures.  In  the  smaller  vessels  there  are  no  muscular  or  elastic  fibres,  and  the  wall  consists 
only  of  a  connective-tissue  coat,  lined  by  endothelium.  The  thoracic  duct  has  a  more  complex 
structure  than  the  other  lymphatic  vessels;  it  presents  a  distinct  subendothelial  layer  of  branched 
corpuscles,  similar  to  that  found  in  the  arteries;  in  the  middle  coat  there  is,  in  addition  to  the 
muscular  and  elastic  fibres,  a  layer  of  connective  tissue  with  its  fibres  arranged  longitudinaUy. 
The  lymphatic  vessels  are  supplied  by  nutrient  vessels,  which  are  distributed  to  their  outer 
and  middle  coats;  and  here  also  have  been  traced  many  non-medullated  nerves  in  the  form  of 
a  fine  plexus  of  fibrils. 

The  valves  of  the  lymphatic  vessels  are  formed  of  thin  layers  of  fibrous  tissue  covered  on  both 
surfaces  by  endotheUimti  which  presents  the  same  arrangement  as  on  the  valves  of  veins  (p.  599). 
In  form  the  valves  are  semilunar;  they  are  attached  by  their  convex  edges  to  the  wall  of  the 
vessel,  the  concave  edges  being  free  and  directed  along  the  course  of  the  contained  current. 
Usually  two  such  valves,  of  equal  size,  are  found  opposite  one  another;  but  occasionally  excep- 
tions occur,  especially  at  or  near  the  anastomoses  of  lymphatic  vessels.  Thus,  one  valve  may 
be  of  smsdl  size  and  the  other  increased  in  proportion. 

In  the  lymphatic  vessels  the  valves  are  placed  at  much  shorter  intervals  than  in  the  veins. 
They  are  most  numerous  near  the  lymph  glands,  and  are  found  more  frequently  in  the  lymphatic 
vessels  of  the  neck  and  upper  extremity  than  in  those  of  the  lower  extremity.  The  wall  of 
the  lymphatic  vessel  immediately  above  the  point  of  attachment  of  each  segment  of  a  valve  is 
expanded  into  a  pouch  or  sinus  which  gives  to  these  vessels,  when  distended,  the  knotted  or 
beaded  appearance  already  referred  to.  Valves  are  wanting  in  the  vessels  composing  the  plexi- 
form  net-work  in  which  the  lymphatic  vessels  usually  originate  on  the  surface  of  the  body. 

The  Ijrmph  glands  (lymphoglandulae)  are  small  oval  or  bean-shaped  bodies,  situ- 
ated in  the  course  of  lymphatic  and  lacteal  vessels  so  that  the  lymph  and  chyle 
pass  through  them  on  their  way  to  the  blood.  Each  generally  presents  on  one  side 
a  slight  depression — the  hilus — through  which  the  bloodvessels  enter  and  leave  the 
interior.  The  efferent  lymphatic  vessel  also  emerges  from  the  gland  at  this  spot, 
while  the  afferent  vessels  enter  the  organ  at  different  parts  of  the  periphery.  On 
section  (Fig.  652)  a  lymph  gland  displays  two  different  structures:  an  external, 
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of  lighter  color — the  cortical;  and  an  interna],  darker — the  medolluy.  The  cortical 
structure  does  not  form  a  complete  investment,  but  is  deficient  at  the  hilum, 
where  the  medullary  portion  reaches  the  surface  of  the  gland;  so  that  the  efferent 
vessel  is  derived  directly  from  the  medullary  structures,  while  the  afferent  vessels 
empty  themselves  into  the  cortical  substance. 


B  of  IiTin^  OUndB.— A  lymph  gland  conaiBts  ot  (1)  a  fibroua  envelope,  or  upBDls, 
from  which  a  frtune-work  of  processes  (Irabeculm)  proceeds  inward,  imperfectly  dividing  the 
gland  into  open  spaces  freely  communicating  with  each  other;  (2)  a  quantity  of  lymphoid  tissue 
occupying  these  spaces  without  completely  filling  them;  (3)  a  free  supply  of  bloodveeseb,  which 


Fio.  053. — L^mph  cUiid  tissue.    Highly  magnified,    a.  TrabeculB.    b.  Small  arUcj'  in  aubaUuDa  ol  earns, 
c.  Lymph  pethe.    d,  LVrnph  oorpuaclea.     9-  CapiUary  pleius. 

are  supported  in  the  trabecute;  and  (4)  the  ftflBront  and  eSoiBnt  veaaala  communicating  through 
the  lymph  paths  in  the  substance  of  the  gland.  The  nerves  passing  into  the  hilus  are  few  in 
number  and  are  chiefly  distributed  to  the  bloodvessels  supplying  the  gland. 

Tbecapanleiscomposedof  connective  tissue  with  some  plain  muscle  fibres,  and  from  its  internal 

suHace  are  given  off  a  number  of  membranous  processes  or  trabeculee,  consisting,  in  man,  of 

connective  tissue,  with  a  small  admixture  of  plain  muscle  fibres;  but  in  many  of  the  lower  animals 

composed  almost  entirely  of  involuntary  muscle.    They  pass  inward,  radiating  toward  the  centre 
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of  the  gland,  for  a  certain  distance — that  is  to  say,  for  about  one-third  or  one-fourth  of  the  space 
between  the  circumference  and  the  centre  of  the  gland.  In  some  animals  they  are  sufficiently 
well-marked  to  divide  the  peripheral  or  cortical  portion  of  the  gland  into  a  number  of  compart- 
ments (so-called  follicles),  but  in  man  this  arrangement  is  not  obvious.  The  larger  trabeculae 
springing  from  the  capsule  break  up  into  finer  bands,  and  these  interlace  to  form  a  mesh-work 
in  the  central  or  medullary  portion  of  the  gland.  In  these  spaces  formed  by  the  interlacing 
trabecule  is  contained  the  proper  gland  substance  or  Ijrmphoid  tissue.  The  gland  pulp  does 
not,  however,  completely  fill  the  spaces,  but  leaves,  between  its  outer  margin  and  the  enclosing 
trabecule,  a  channel  or  space  of  uniform  width  throughout.  This  is  termed  the  lyn^h  iMth 
or  lymph  siniui  (Fig.  652).  Running  across  it  are  a  niunber  of  finer  trabeculse  of  retiform  con- 
nective tissue,  the  fibres  of  which  are,  for  the  most  part,  covered  by  ramifying  cells. 

On  account  of  the  pecidiar  arrangement  of  the  frame-work  of  the  organ,  the  gland  pulp  in  the 
cortical  portion  is  disposed  in  the  form  of  nodules,  and  in  the  medullary  part  in  the  form  of  rounded 
cords.  It  consists  of  ordinary  lymphoid  tissue  (Fig.  653),  being  made  up  of  a  delicate  net-work 
of  retiform  tissue,  which  is  continuous  with  that  in  the  lymph  paths,  but  marked  off  from  it 
by  a  closer  reticulation;  it  is  probable,  moreover,  that  the  reticular  tissue  of  the  gland  pulp  and 
the  lymph  paths  is  continuous  with  that  of  the  trabecule,  and  ultimately  with  that  of  the  capsule 
of  the  gland.  In  its  meshes,  in  the  nodules  and  cords  of  lymphoid  tissue,  are  closely  packed 
lymph  corpuscles.  The  gland  pulp  is  traversed  by  a  dense  plexus  of  capillary  bloodvessels. 
The  nodules  or  follicles  in  the  cortical  portion  of  the  gland  frequently  show,  in  their  centres, 
areas  where  karyokinetic  figures  indicate  a  division  of  the  lymph  corpuscles.  These  areas  are 
termed  germ  centres.  The  cells  composing  them  have  more  abundant  protoplasm  than  the 
peripheral  cells. 

The  afferent  vessels,  as  stated  above,  enter  at  all  parts  of  the  |>eriphery  of  the  gland,  and  after 
branching  and  forming  a  dense  plexus  in  the  substance  of  the  capsule,  open  into  the  lymph  sinuses 
of  the  cortical  part.  In  doing  this  they  lose  all  their  coats  except  their  endothelial  lining,  which 
is  continuous  with  a  layer  of  similar  cells  lining  the  lymph  paths.  In  like  manner  the  efferent 
vessel  conunences  from  the  lymph  sinuses  of  the  medullary  portion.  The  stream  of  lymph  carried 
to  the  gland  by  the  afferent  vessels  thus  passes  through  the  plexus  in  the  capsule  to  the  lymph 
paths  of  the  cortical  portion,  where  it  is  exposed  to  the  action  of  the  gland  pulp;  flowing  through 
these  it  enters  the  paths  or  sinuses  of  the  medullary  portion,  and  finally  emerges  from  the  hilus 
by  means  of  the  efferent  vessel.  The  stream  of  lymph  in  its  passage  through  the  lymph  sinuses 
is  much  retarded  by  the  presence  of  the  reticulimi,  hence  morphological  elements,  either  normal 
or  morbid,  are  easily  arrested  and  deposited  in  the  sinuses.  Many  lymph  corpuscles  pass  with 
the  efferent  lymph  stream  to  join  the  general  blood  stream.  The  arteries  of  the  gland  enter 
at  the  hilus,  and  either  go  at  once  to  the  gland  pulp,  to  break  up  into  a  capillary  plexus,  or  else 
run  along  the  trabeculse,  partly  to  supply  them  and  partly  running  across  the  lymph  paths, 
to  assist  in  forming  the  capillary  plexus  of  the  gland  pulp.  This  plexus  traverses  the  lymphoid 
tissue,  but  does  not  enter  into  the  lymph  sinuses.  From  it  the  veins  commence  and  emerge 
from  the  organ  at  the  same  place  as  that  at  which  the  arteries  enter. 

The  lymphatic  vessels  are  arranged  into  a  superficial  and  a  deep  set.  On  the 
surface  of  the  body  the  superficial  lymphatic  vessels  are  placed  immediately 
beneath  the  integument,  accompanying  the  superficial  veins;  they  join  the  deep 
lymphatic  vessels  in  certain  situations  by  perforating  the  deep  fascia.  In  the 
interior  of  the  body  they  lie  in  the  submucous  areolar  tissue,  throughout  the  whole 
length  of  the  digestive,  respiratory,  and  genito-urinary  tracts;  and  in  the  subserous 
tissue  of  the  thoracic  and  abdominal  walls.  Plexiform  networks  of  minute  lym- 
phatic vessels  are  found  interspersed  among  the  proper  elements  and  bloodvessels 
of  the  several  tissues;  the  vessels  composing  the  net-work,  as  well  as  the  meshes 
between  them,  are  much  larger  than  those  of  the  capillary  plexus.  From  these 
net-works  small  vessels  emerge,  which  pass,  either  to  a  neighboring  gland,  or  to 
join  some  larger  lymphatic  trunk.  The  deep  lymphatic  vessels,  fewer  in  number, 
but  larger  than  the  superficial,  accompany  the  deep  bloodvessels.  Their  mode  of 
origin  is  probably  similar  to  that  of  the  superficial  vessels.  The  lymphatic  vessels 
of  any  part  or  organ  exceed  the  veins  in  number,  but  in  size  they  are  much  smaller. 
Their  anastomoses  also,  especially  those  of  the  large  trunks,  are  more  frequent, 
and  are  effected  by  vessels  equal  in  diameter  to  those  which  they  connect,  the  con- 
tinuous trunks  retaining  the  same  diameter. 

Applied  Anatomy. — The  lymphatic  channels  and  lymph  glands  draining  any  infected  area 
of  the  body  are  very  liable  to  become  infected,  resulting  in  acute  or  chronic  lymphangitis  and 
lymphadenitis.    In  acute  cases  the  paths  of  the  superficial  lymphatic  vessels  are  often  marked 
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out  on  the  skin  by  pain,  redness,  heat,  and  swelling,  while  the  glands  swell  and  may  suppurate. 
Chronic  inflammation  leads  to  growth  and  fibroisis  of  the  lymphatic  vessels  and  the  connective 
tissue  aroimd  them;  obstruction  to  the  passage  of  the  lymph  results,  as  the  fibrous  tissue  contracts 
and  causes  stenosis  or  obUteration  of  the  lymphatic  channels,  and  hard  oedema  of  the  involved 
skin  and  subcutaneous  tissues  follows  {pachydermia  lymphangiectatica) .  Chronic  lymphangitis, 
together  with  the  blocking  of  numerous  lymphatic  vessels  by  the  escaped  ova  of  the  minute 
parasitic  worm  Microfilaria  noctuma,  is  the  cause  of  elephantiasis,  a  condition  common  in  the 
tropics  and  subtropics,  and  characterized  by  enormous  enlargement  and  thickening  of  the  integu- 
ments of  some  part  of  the  body,  most  frequently  of  the  leg.  Tubercular  and  syphihtic  enlarge- 
ments of  the  lymphatic  vessels  and  glands  are  both  very  commonly  met  with.  Primary  tumors 
of  the  lymphatic  vessels  are  lymphangioma  and  endothelioma;  the  so-called  '^  congenital  cystic 
hygroma"  of  the  neck,  arm,  trunk,  or  thigh,  is  a  cystic  lymphangioma.  Primary  tumors  of  the 
lymph  glands  may  be  innocent  (lymphadenoma,  myxoma,  chondroma)  or  malignant  (lympho- 
sarcoma) ;  cancer  is  never  met  with  as  a  primary  affection,  but  is  extremely  common  secondarily 
to  cancer  of  some  other  part  of  the  body. 

The  appearance  of  secondary  malignant  deposits  or  of  secondary  infection  in  parts  of  the 
body  that  seem  not  to  be  directly  associated  by  any  lymphatic  connection  with  the  seat  of  the 
primary  growth  or  infection  has  often  been  observed,  and  explained  as  due  to  "retrograde  trans- 
port" of  cancer  cells  or  bacteria  by  a  reversed  flow  of  lymph.  Weleminsky,*  however,  believes 
that  the  explanation  is  to  be  found  in  the  fact  that  when  the  infected  glands  have  grown  to  a 
certain  size  they  no  longer  permit  the  normal  flow  of  lymph  through  them,  and  that  under  these 
circumstances  very  deUcate  lymphatic  connections,  whose  existence  normally  remains  unsus- 
pected, develop  to  a  surprising  extent  between  groups  of  lymph  glands  that  at  first  sight  appear 
to  be  unconnected  with  one  another. 

THE  THORACIC  DUCT. 

The  thoracic  duct  {ductus  thoracicus)  (Fig.  654)  conveys  the  greater  part  of  the 
lymph  and  chyle  into  the  blood.  It  is  the  common  trunk  of  all  the  lymphatic 
vessels  of  the  body,  excepting  those  on  the  right  side  of  the  head,  neck,  and  thorax, 
and  right  upper  extremity,  the  right  lung,  right  side  of  the  heart,  and  the  convex 
surface  of  the  liver.  In  the  adult  it  varies  in  length  from  38  to  45  cm.  and  extends 
from  the  second  lumbar  vertebra  to  the  root  of  the  neck.  It  begins  in  the  abdomen 
by  a  triangular  dilatation,  the  cistema  chyli,  which  is  situated  on  the  front  of  the 
body  of  the  second  lumbar  vertebra,  to  the  right  side  of  and  behind -the  aorta, 
by  the  side  of  the  right  cms  of  the  Diaphragma.  It  enters  the  thorax  through  the 
aortic  hiatus  of  the  Diaphragma,  and  ascends  through  the  posterior  mediastinal 
cavity  between  the  aorta  and  azygos  vein.  Behind  it  in  this  region  are  the  vertebral 
column,  the  right  intercostal  arteries,  and  the  hemiazygos  veins  as  they  cross  to 
open  into  the  azygos  vein;  in  front  of  it  are  the  Diaphragma,  oesophagus,  and  peri- 
cardium, the  last  being  separated  from  it  by  a  recess  of  the  right  pleural  cavity. 
Opposite  the  fifth  thoracic  vertebra,  it  inclines  toward  the  left  side,  enters  the  supe- 
rior mediastinal  cavity,  and  ascends  behind  the  aortic  arch  and  the  thoracic  part 
of  the  left  subclavian  artery  and  between  the  left  side  of  the  oesophagus  and  the 
left  pleura,  to  the  upper  orifice  of  the  thorax.  Passing  into  the  neck  it  forms  an 
arch  which  rises  about  3  or  4  cm.  above  the  clavicle  and  crosses  anterior  to  the 
subclavian  artery,  the  vertebral  artery  and  vein,  and  the  thyrocervical  trunk  or 
its  branches.  It  also  passes  in  front  of  the  phrenic  nerve  and  the  medial  border 
of  the  Scalenus  anterior,  but  is  separated  from  these  two  structures  by  the  pre- 
vertebral fascia.  In  front  of  it  are  the  left  common  carotid  artery,  vagus  nerve, 
and  internal  jugular  vein;  it  ends  by  opening  into  the  angle  of  junction  of  the  left 
subclavian  vein  with  the  left  internal  jugular  vein.  The  thoracic  duct,  at  its  com- 
mencement, is  about  equal  in  diameter  to  a  goose-quill,  but  it  diminishes  consid- 
erably in  calibre  in  the  middle  of  the  thorax,  and  is  again  dilated  just  before  its 
termination.  It  is  generaUy  flexuous,  and  constricted  at  intervals  so  as  to  present 
a  varicose  appearance.  Not  infrequently  it  divides  in  the  mid41e  of  its  course  into 
two  vessels  of  unequal  size  which  soon  reunite,  or  into  several  branches  which  form 

1  Berliner  klin.  Woch.,  1905,  No.  24,  p.  743. 


a  plexiform  interlacement.    It  occasionally  divides  at  its  upper  part  into  two 

branches,  right  and  left;  the  left  ending  in  the  usual  manner,  while  the  right  opens 

into  the  right  subclavian  \ein,   in 

connection  with  the  right  lymphatic 

duct.    The  thoracic  duct  has  several 

lym  valves;  at  its  termination  it  is  pro- 

'*  vided  with  a  pair,  the  free  borders 

of  which  are  turned  toward  the  vein, 

90  as  to  prevent  the  passage   of 

venous  blood  into  the  duct. 

The  cistema  chyli  {receptaetdum 
chyli)  (Fig.  655)  receives  the  two 
lumbar  lymphatic  trunks,  right  and 
left,  and  the  intestinal  lymphatic 
trunk.  The  lumbar  tmnkB  are  formed 
by  the  union  of  the  efferent  vessels 
from  the  lateral  aortic  lymph  glands. 
They  receive  the  lymph  from  the 
lower  limbs, 'from  the  walls  and 
viscera  of  the  pelvis,  from  the  kid- 
neys and  suprarenal  glands  and  the 
.  deep  lymphatics  of  the  greater  part 

of  the  abdominal  wall.  The  intes- 
tinal trunk  receives  the  lymph  from 
the  stomach  and  intestine,  from  the 
pancreas  atid  spleen,  and  from  the 
lower  and  front  part  of  the  liver. 

Tribotaries.  — Opening  into  the 
commencement  of  the  thoracic  duct, 
on  either  side,  is  a  descending  trunk 
from  the  posterior  intercostal  lymph 
glands  of  the  lower  six  or  seven  in- 
tercostal spaces.  In  the  thorax  the 
duct  is  joined,  on  either  side,  by  a 
trunk  which  drains  the  upper  lumbar 
lymph  glands  and  pierces  the  cms  of 
the  Diaphragm  a.  It  also  receives 
the  efferents  from  the  posterior 
mediastinal  lymph  glands  and  from 
iMt  the     posterior     intercostal     hmph 

glands  of  the  upper  six  left  spaces. 
In  the  neck  it  is  joined  by  the  left 
Ju^ar  and  left  sobclavian  trunks, 
and  sometimes  by  the  left  broncho- 
mediastinal trunk;  the  last-named, 
however,  usually  opens  indepen- 
dently into  the  junction  of  the  left 
Fio.  GM,— ThB  thocscic  and  right  [ymphatic  ducu.  subclaviau    and     internal     jugiUar 

veins. 
The  right  Irmphatic  duct  {ductm  lymphaticus  dexter)  (Fig.  656),  about  1.25  cno. 
in  length,  courses  along  the  medial  border  of  the  Scalenus  anterior  at  the  root  of 
the  neck  and  ends  in  the  right  subclavian  vein,  at  its  angle  of  junction  with  the  right 
internal  jugular  vein.  Its  orifice  is  guarded  by  two  semilunar  valves,  which  prevent 
the  passage  of  venous  blood  into  the  duct. 


--  / 


THE  THORACIC  DUCT 


Tributaries.— The  right  lymphatic  duct  receives  the  lymph  from  the  right  sid 
of  the  head  and  neck  through  the  right  jugular  trunk;  from  the  right  upper  extremit 
through  the  right  BubcIaTian  trunk;  from  the  right  side  of  the  thorax,  right  lunj 
right  side  of  the  heart,  and  part  of  the  convex  surface  of  the  liver,  through  tl 
right  bronchomediastiiial  tnmk.  These  three  collecting  trunks  frequently  ope 
separately  in  the  angle  of  union  of  the  two  veins. 


-^X  >: 

FiQ.  666.— ModH  o[  orisin  o[  thoruio  duct.  (Poirier  utd  Chupy.)  a,  ThoNuta  duct.  a'.  CiiMnui  ohyb' 
EffBient  tnioki  from  lateral  sortie  flsods.  d.  An  eSennt  veiasl  wtiioh  piarsea  tllK  left  erua  dI  tba  di^>hncn 
LaUia]  uirtifl  iLuida.  h.  Racnuortia  gliuula.  i.  lategtiaal  tmnk.    3.  Deacandlug  bAuch  [ram  iDleceoMiil  tym] 

AivUfld  Anatomy. — Blockage  of  the  thoracic  duct  by  mature  spccimene  O^'^e  minute  pai 
worm  MieroJUaria  noctuma  gives  rise  to  stasis  of  the  chyle,  and  to  ita  passage  ri,  arijjas-fcbSoni 
directions  on  ita  course  past  the  obstruction.  The  neighboring  ^dominai,  fp^l,  and  peh 
lymphatics  become  enlarged,  varicoae,  and  tortuous,  and  chyle  may  make  its  way  into  the  uii 
(chyltaia),  the  tunica  vaginalis  (ehylocele),  the  abdominal  cavity  (ehyUnti  oaeitti),  or  the  pleui 
cavity  [chylmi*  pUurai  effutitm),  in  consequence  of  rupture  of  some  of  these  distended  lymphai 
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THE  LYMPHATICS  OF  THE  HEAD,  FACE,  AND  HECK. 

The  Lymph  Glands  of  the  Head  (Fig.  657). 
The  lymph  glands  of  the  head  are  arranged  in  the  following  groups: 
Occipital.  Facial. 

Posterior  Auricular.  Deep  Facial. 

Anterior  Auricular.    .  Lingual. 

Parotid.  Retropharyngeal. 
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of  the  auricula  or  pinna,  and  the  back  of  the  external  acoustic  meatus;  their 
efferents  pass  to  the  superior  deep  cervical  glands.  . 

The  anterior  auricular  glands  (lymphogloTtdulae  auriculares  anteriores;  superficial     ., 
parotid  or  preaurirular  glands),  from  one  to  three  in  number,  lie  immediately  in     .    . 
front  of  the  tragus.   Their  afFereate  drain  the  lateral  surface  of  the  auricula  and  the    , 
skin  of  the  adjacent  part  of  the  temporal  region;  their  efferents  pass  to  the  superior    >•  ■  . 
.  deep  cervical  glands. 

The  parotid  glands  {lympkoglandulae  parotideae),  form  two  groups  in  reh      -.        ^ 
with  the  parotid  salivary  gland,  viz.,  a  group  imbedded  in  the  substance  of  the  git      i       j-^»^ 
and  a  group  of  subparotid  glands  lying  on  the  lateral  wall  of  the  pharynx.    (X      >        , 
sionalty  small  glands  are  found  in  the  subcutaneous  tissue  over  the  parotid  gla^ 
Their  afferent  vessels  drain  the  root  of  the  nose,  the  eyelids,  the  frontotempora.      ^ 
region,  the  external  acoustic  meatus  and  the  tympanic  cavity,  possibly  also  the       . 
posterior  parts  of  the  palate  and  the  floor  of  the  nasal  cavity.    The  efferents  of       . 
these  glands  pass  to  the  superior  deep  cervicaJ  glands.    The  afferents  of  the  sub- 
parotid  glands  drain  the  nasal  part  of  the  pharynx  and  the  posterior  parts  of  the 
nasal  cavities;  their  efferents  pass  to  the  superior  deep  cervical  glands. 


yngtal  ^ttixdi 


Fio.  SfiS. — LymplutJCB  of  phuryni.     (Poirier  sod  Chiipy.) 

The  facial  glands  comprise  three  groups:  (a)  infraorbital  or  maxillarjr,  scattered 
over  the  infraorbital  region  from  the  groove  between  the  nose  and  cheek  to  the 
zygomatic  arch;  (b)  buccinator,  one  or  more  placed  on  the  Buccinator  opposite  the 
angle  of  the  mouth;  (c)  supramandibular,  on  the  outer  surface  of  the  mandible, 
in  front  of  the  Masseter  and  in  contact  with  the  external  maxillary  artery  and 
anterior  facial  vein.  Their  efferent  vessels  drain  the  eyelids,  the  conjunctiva, 
and  the  sldn  and  mucous  membrane  of  the  nose  and  cheek;  their  efferents  pass  to 
the  submaxillary  glands.  _/C' 

The  deep  fadal  glands  (lymphoglandnlae  faciales  profunda;  internal  maxillary''i 
glands)  are  placed  beneath  the  ramus  of  the  mandible,  on  the  outer  surface  of  the  J 
Pterygoideus  externus,  in  relation  to  the  internal  maxillary  artery.    Their  afferenu 


!s  drain  the  temporal  and  infratemporal  fosste  and  the  nasal  part  of  the  pharyn: 


their  efferents  pass  to  the  superior  deep  cervical  glandi 

The  lintrual  glands  (lymplwglandvlae  linguales)  are  two  or  three  small  nodulcf 
lying  on  the  Hyoglossus  and  under  the  Genioglossus.   They  form  merely  r' — ''"' 
substations  in  the  course  of  the  lympbafic  vessels  of  the  tongue.    /"  --^ 


( 
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The  retropharyngeal  glands  (Fig.  65S),  from  one  to  three  in  number,  lie  in  the 
buccopharyngeal  fascia,  behind  the  upper  part  of  the  pharynx  and  in  front  of  the 
arch  of  the  atlas,  being  separated,  however,  from  the  latter  by  the  Longus  capitis. 
Their  afferents  drain  the  nasal  cavities,  the  nasal  part  of  the  pharynx,  and  the 
auditory  tubes;  their  efferents  pass  to  the  supmor  deep  cervical  glands. 

The  lymphatic  vessels  of  the  scalp  are  divisible  into  (a)  those  of  the  frontal  region, 
which  terminate  in  the  anterior  auricular  and  parotid  glands;  (6)  those  of  the 
temporoparietal  region,  which  end  in  the  parotid  and  posterior  auricular  glands; 
and  (c)  those  of  the  occipital  region,  which  terminate  partly  in  the  occipital 
glands  and  partly  in  a  trunk  which  runs  down  along  the  posterior  border  of  the 
St^mocleidomastoideus  to  end  in  the  inferior  deep  cervical  glands. 
.  The  lymphatic  vessels  of  the  auricula  and  external  acoustic  meatus  are  also  divisible 
into  three  groups:  (a)  an  anterior,  from  the  lateral  surface  of  the  auricula  and 
anterior  wall  of  the  meatus  to  the  anterior  auricular  glands;  (6)  a  posterior,  from 
the  margin  of  the  auricula,  the  upper  part  of  its  cranial  surface,  the  internal  surface 
and  posterior  wall  of  the  meatus  to  the  posterior  auricular  and  superior  deep  cervical 
glands;  (?)  an  inferior,  from  the  floor  of  the  meatus  and  from  the  lobule  of  the  auric- 
ula to  the  superficial  and  superior  deep  cervical  glands. 


1" 


FaeuA  gtanda 

'sbmaxillary  glanda 

kep  ctrvieai  glandt 


Fia.  Ue.— Tbe  lymphatics  o[  Ihe  face.     (After  Kattnar.) 

The  lymphatic  vessels  of  the  face  (Fig.  659)  are  more  numerous  than  those  of  the 
scalp.  Those  from  the  eyelids  and  conjunctiva  terminate  partly  in  the  submaxillary 
but  mainly  in  the  parotid  glands.  The  vessels  from  the  posterior  part  of  the  cheek 
■also  pass  to  the  parotid  glands,  while  those  from  the  anterior  portion  of  the  cheek, 
the  side  of  the  nose,  the  upper  lip,  and  the  lateral  portions  of  the  lower  lip  end  in 
the  submaxillary  glands.  The  deeper  vessels  from  the  temporal  and  infratemporal 
fossie  pass  to  the  deep  facial  and  superior  deep  cervical  glands.  The  deeper  vessels 
^f  the  cheek  and  lips  end,  like  the  superficial,  in  the  submaxillary  glands.  Both 
isuperficial  and  deep  vessels  of  the  central  part  of  the  lower  lip  run  to  the  submental 
ttlands.  _  _  j;^"! 

intThe  lympbatic  vessels  of  the  nasal  cavities  can  be  injected  from  the  subdural 
the     ™ '"'  ^»^tt^-«     Th^^  f^^  »i  .L  ._  -*  .ll  1  ^■.. 


!*l 
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779 
communicate  with  the  vessels  of  the  integument  of  the  nose  and  end  in  the  sub- 
maxillary glands;  those  from  the  posterior  two-thirds  of  the  nasal  cavities  and  ■ 
from  the  accessory  air  sinuses  pass  partly  to  the  retropharyngeal  and  partly  to  •  .l 
the  superior  deep  cervical  glands.  .^  ^ 

Lymphatie  Vesseb  of  the  Month. — ^The  vessels  of  the  gums  pass  to  the  submaxillary  j 

glands;  those  of  the  hard  plate  are  continuous  in  front  with  those  of  the  upper  »■, 
gum,  but  pass  backward  to  pierce  the  Constrictor  pharyngis  superior  and  end  in 
the  superior  deep  cervical  and  subparotid  glands;  those  of  the  soft  palate  pass 

backward  and  lateralward  and  end  partly  in  the  retropharyngeal  and  subparotid,  j^f*^ 

and  partly  in  the  superior  deef»cervical  glands.    The  vessels  of  the  anterior  part  ^j 
of  the  floor  of  the  mouth  pass  either  directly  to  the  inferior  glands  of  the  superior 

deep  cervical  group,  or  indirectly  through  the  submental  glands;  from  the  ""t,  ," 

of  the  floor  of  the  mouth  the  vessels  pass  to  the  submaxillar>'  and  superior  deep  ^^i 

cervical  glands.  l^ 

¥t«sel»  from  Vetsfli  from 

roc4  of  tongue  margin  of  '^ 


to»g» 


— Lymphitic*  ot  the  toDcuB.     (Poirier. 


r 


The  lymphatic  vesssLB  of  the  palatine  tonail,  usually  three  to  five  in  number, 
pierce  the  buccopharyngeal  fascia  aad  constrictor  pharyngis  superior  and  pass 
between   the  Stylohyoideus  and  internal  jugular  vein  to  the  uppermost  of  tb 
superior  deep  cervical  glands.    They  end  in  a  gland  which  lies  at  the  side  of  tl'T- 
posterior  belly  of  the  Digastricus,  on  the  internal  jugular  vein;  occasionally  or  ^ 
or  two  additional  vessels  run  to  small  glands  on  the  lateral  side  of  *'         '      -n^ius 
cover  ot  the  Sternocleidomastoideus.  ^  the 


I 
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The  lymphatic  vessels  of  the  tongue  (Fig.  660)  are  drained  chiefly  into  the  deep 
cervical  glands  lying  between  the  posterior  belly  of  the  Digastricus  and  the  superior 
belly  of  the  Omohyoideus;  one  gland  situated  at  the  bifurcation  of  the  common 
carotid  artery  is  so  intimately  associated  with  these  vessels  that  it  is  known  as  the 
principal  gland  of  the  tongue.    The  lymphatic  vessels  of  the  tongue  may  be  divided 

!  into  four  groups:  (1)  apical^  from  the  tip  of  the  tongue  to  the  suprahyoid  glands 
and  principal  gland  of  the  tongue;  (2)  lateral,  from  the  margin  of  the  tongue — 
some  of  these  pierce  the  Mylohyoideus  to  end  in  the  submaxillary  glands,  others 
pass  down  on  the  Hyoglossus  to  the  superior  deep  cervical  glands;  (3)  basal,  from 
the  region  of  the  papillae  vallatae  to  the  superior  deep  cervical  glands;  and  (4) 
median,  a  few  of  which  perforate  the  Mylohyoideus  to  reach  the  submaxillary 

^, glands,  while  the  majority  turn  around  the  posterior  border  of  the  muscle  to 
enter  the  superior  deep  cervical  glands. 

The  Itymph  Olands  of  the  Neck. 

The  lymph  glands  of  the  neck  include  the  following  groups: 

Submaxillary.  Superficial  Cervical. 

Submental.  Anterior  Cervical. 

Deep  Cervical. 

The  submaxillary  glands  {lymphoglandulae  svbmaxillares)  (Fig.  659),  three  to 
six  in  number,  are  placed  beneath  the  body  of  the  mandible  in  the  submaxillary 
triangle,  and  rest  on  the  superficial  surface  of  the  submaxillary  salivary  gland. 

..^sXljie  gland,  the  middle  gland  of  Stahr,  which  lies  on  the  external  maxillary  artery 
as  it  tuTfi§  over  the  mandible,  is  the  most  constant  of  the  series;  small  lymph  glands 
are  sometimes  found  on  the  deep  surface  of  the  submaxillary  salivary  glands.  The 
afFerents  of  the  submaxillary  glands  drain  the  medial  palpebral  commissure, 
the  cheek,  the  side  of  the  nose,  the  upper  lip,  the  lateral  part  of  the  lower  lip, 
the  gums,  and  the  anterior  part  of  the  margin  of  the  tongue;  efferent  vessels 
from  the  facial  and  submental  glands  also  enter  the  submaxillary  glands.  Their 
efferent  vessels  pass  to  the  superior  deep  cervical  glands. 

The  submental  or  suprahyoid  glands  are  situated  between  the  anterior  bellies 
of  the  Digastrici.  Their  afferents  drain  the  central  portions  of  the  lower  lip  and 
floor  of  the  mouth  and  the  apex  of  the  tongue;  their  efferents  pass  partly  to  the 
Mjbmay^ry  glands  and  partly  to  a  gland  of  the  deep  cervical  group  situated  on 
the  fffLISal  jugular  vein  at  the  level  of  the  cricoid  cartilage. 

The  superficial  cervical  glands  {lymphoglandulae  cervicales  auperficiales)  lie  ip 
close  relationship  with  the  external  jugular  vein  as  it  emerges  from  the  parotic 
gland,  and*,  therefore,  superficial  to  the  Sternocleidomastoideus.    Their  afferen' 
drain  the  lower  parts  of  the  auricula  and  parotid  region,  while  their  efferents  pf 
around  the  anterior  margin  of  the  Sternocleidomastoideus  to  join  the  superior  d 
cervical  glands. 

f  The  anterior  cervical  glands  form  an  irregular  and  inconstant  group  on  the  front! 
of  the  larynx  and  trachea.    They  may  be  divMe^into  (a)  a  superficial  set,  placed 

•^on  the  anterior  jugular  vein;  (b)  a  deeper  set,  wlJfch  is  further  subdivided  into 
prelaryngeal,  on  the  middle  cricothyroid  ligament,  and  pretracheal,  on  the  front 
of  the  trachea.  This  deeper  set  drains  the  lower  part  of  the  larynx,  the  thyroid 
.gland,  and  the  upper  part  of  the  trachea;  its  efferents  pass  to  the  lowest  of  the 
^v  ;rior  deep  cervical  glands. 

^^/he  deep  cervical  glands  {lymphoglandulae  cervicales  profundae)  (Figs.  657, 
^^t))  are  numerous  and  of  large  size:  they  form  a  chain  along  the  carotid  sheath, 
iijjng  by  the  side  of  f^  '  "x,  oesophagus,  and  trachea,  and  extending  from  the 
thse  of  the  skuU  to  ^  neck.    They  are  usually  described  in  two  groups : 

the  passage  or  ve  ^"^  ^^^^'  ■- 


/ 
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I  (I)  the  superior  deep  cerrical  glands  lying  under  the  Sternocleidomastoideus  in        . 

close  relation  with  the  accessory  nerve  and  the  internal  jugular  vein,  some  of  the  / 
glands  lying  in  front  of  and  others  behind  the  vessel ;  (2)  the  inferior  deep  cerrical 
glands  extending  beyond  the  posterior  margin  of  the  Sternocleidomastoideus 
into  the  supraclavicular  triangle,  where  they  are  closely  related  to  the  brachial 
plexus  and  subclavian  vein.  A  few  minute  paratracheal  glands  are  situated  along- 
side the  recurrent  nerves  on  the  lateral  aspects  of  the  trachea  and  oesophagus^ 
The  superior  deep  cervical  glands  drain  the  occipital  portion  of  the  scalp,  the 
auricula,  the  back  of  the  neck,  a  considerable  part  of  the  tongue,  the  larynx,  thyroid 
gland,  trachea,  nasal  part  of  the  pharynx,  nasal  cavities,  palate,  and  oesophagus. 
They  receive  also  the  efferent  vessels  from  all  the  other  glands  of  the  head  and 
neck,  except  those  from  the  inferior  deep  cervical  glands.  The  inferior  deep  cervical 
glands  drain  the  back  of  the  scalp  and  neck,  the  superficial  pectoral  region,  part 

1  of  the  arm  (see  page  782),  and,  occasionally,  part  of  the  superior  surface  of  the 

r  liver,    In  addition,  they  receive  vessels  from  the  superior  deep  cervical  glands.     ^ 

The  efferents  of  the  superior  deep  cervical  glands  pass  partly  to  the  inferior  deep 
cervical  glands  and  partly  to  a  trunk  which  unites  with  the  efferent  vessel  of  fbi^ 
inferior  deep  cervical  glands  and  forms  the  jugular  trunk.    On  the  right  side,  this  ^ 
trunk  ends  in  the  junction  of  the  internal  jugular  and  subclavian  veins;  on  the  left 
side  it  joins  the  thoracic  duct.  X, 

The  lymphatic  vessels  of  the  skin  and  muscles  of  the  ned^nass  to  the  deep  cervical 
glands.   From  the  upper  part  of  the  pharynx  the  lymphaticVessels  pass  to  the  retro- 
pharyngeal, from  the  lower  part  to  the  deep  cervical  glands^    From  the  larynx 
two  sets  of  vessels  arise,  an  upper  and  a  lower.  *  The  vessels  of  tK^  uppjjhP>^  '/lUA'"   ^ 
the  hyothyroid  membrane  and  join  the  superior  deep  cervioiil  giSnas.    Of  ta 
lower  set,  some  pierce  the  conus  elasticus  and  join  the  pi'etracheal  and  pre* 
laryngeal  glands;  others  run  between  the  cricoid  and  first  tracheal  ring  and  enter 
the  inferior  deep  cervical  glands.    The  lymphatic  vessels  of  the  thyroid  gland  con- 
sist of  two  sets,  an  upper,  which  accompanies  the  superior  thyroid  artery  and  ^fe^rs 
the  superior  deep  cervical  glands,  and  a  lower,  which  runs  partly  to  the  pretracqili^^,^ 
glands  and  partly  to  the  small  paratracheal  glands  which  accompany  the  recurremt 
nerves.    These  latter  glands  receive  also  the  lymphatic  vessels  from  the  cervical 

<  J  portion  of  the  trachea. 

J  Applied  Anatomy. — The  cervical  glands  are  very  frequently  the  seat  of  tuberculous  disease. 

This  condition  is  most  usually  set  up  by  some  lesion  in  those  parts  from  which  they  receive  their 
lymph.    It  is  very  desirable  therefore  for  the  surgeon,  in  dealing  with  these  cases,  to  possess  a 
knowledge  of  the  relation  of  the  respective  groups  of  glands  to  the  periphery,  while  in  t)rdei  to  ^ 
eradicate  them  by  operation  a  long  and  difficult  dissection  may  be  required. 

THE   LYMPHATICS  OF  THE  UPPER  EXTBEMITT. 

The  I*ymph  Glands  of  the  Upper  Extremity  (Fig.  661).  i^ 

The  lymph  glands  of  the  upper  extremity  are  divided  into  two  sets,  superficiaV 
and  deep.  :t 

The  superficial  lymph  glands  are  few  and  of  small  size.    One  or  two  supra-J^ 
trochlear  glands  are  placed  above  the  medial  epicondyle  of  the  humerus,  medial*" 
to  the  basilic  vein.    Their  afFerents  drain  the  middle,  ring,  and  little  ^ngers,  tb 
medial  portion  of  the  hand,  and  the  superficial  area  over  the  ulnar  side  of  the  fore, 
arm;  these  vessels  are,  however,  in  free  communication  with  the  other  lymphatic  ^_ 
vessels  of  the  forearm.    Their  efferents  accompany  the  basilic  v^  the , 

deeper  vessels.    One  or  two  deltoideopectoral  glands  are  found  hf  ^ISlvls 

vein  ^tween  thfi,£pf4ffi6i7A^  v;t :  «nd  Dslinidpjte  j'inrr»'»' '^;/ *^*  ^  \y 

^    .hf  h  ;v;'SS;1r^ades  the  skin;  the  meshes  of  the  plexus .  the 
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deep  lymph  glands  are  chiefly  grouped  in  the  axilla,  although  a  few  may 
nd  in  the  forearm,  in  the  course  of  the  radial,  ulnar,  and  interosseous  vessels, 
1  the  arm  along  the  medial  side  of  the  brachial  artery. 


Fio.  eei.— The  gupsrad*!  lymph  cUnda  m 


al  the  uppw  utreniity. 


The  Axillary  Qlands  (lymphoglandiilae  axillarea)  (Fig.  662)  are  of  large  size,  vary 
rom  twenty  to  thirty  in  number,  and  may  be  arranged  in  the  following  groups: 
I.  A  lateral  group  of  from  four  to  six  glands  lies  in  relation  to  the  medial  and 
)osterior  aspects  of  the  axillary  vein;  the  afferents  of  these  glands  drain  the  whole 
jrm  with  the  exception  of  that  portion  whose  vessels  accompany  the  cephalic 
-ein.  The  efferent  vessels  pass  partly  to  the  central  and  subclavicular  groups  of 
..iillary  glands  and  partly  to  the  inferior  deep  cervical  glands.  ^ 

'  1  anterior  or  pectoral  group  consists  of  four  or  five  gland''  .  the  lower 

'  the  Pectoralis  minor,  in  relation  with  the  lateral     i  iry.     Their 

dc^.the  a^^mand  muscles  nf.the  anterJOT.  v^**^  "^.t  paj8f)j,«;ic  walls, 
lenous  blooti  mio  the  duct.  '         '"'   ■     ~    c.  ■'■  ""rtr"  — c^he 
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3.  A  posterior  or  Bubscapular  gioop  of  six  or  seven  glands  is  placed  along  the  lower 
margin  of  the  posterior  wall  of  the  axilla  in  the  course  of  the  subscapular  artery. 
The  aiferents  of  this  group  drain  the  skin  and  muscles  of  the  lower  part  of  the  back 
of  the  neck  and  of  the  posterior  thoracic  wall;  their  efferents  pass  to  the  central 
group  of  axillary  glands. 

4.  A  central  or  intermediate  gronp  of  three  or  four  large  glands  is  imbedded  in 
the  adipose  tissue  near  the  base  of  the  axilla.  Its  afferents  are  the  efferent  vessels 
of  all  the  preceding  groups  of  axillary  glands;  its  efferents  pass  to  the  subclavicular 
group. 

LattraX  group 
Dtlloideopecloral  glands   . ■ , 


try  li/mphaiia 
icular  glands 

I  grnup 

nj  coUecting 

Inlnta 


ig  tranla 

• pagiing  to  internal 

mamtiiary  glande 
Fid.  062. — Lymphalia  o(  the  muuna.  ind  the  aiillnry  (Luidii  |KDiidia«rBiniaatii:) .    <Poirier  sad  Cbacpy.) 

5.  A  media!  or  subelaTicolar  group  of  six  to  twelve  glands  is  situated  partly 
posterior  to  the  upper  portion  of  the  Pectoralis  minor  and  partly  above  the  upper 
border  of  this  muscle.  Its  only  direct  territorial  afferents  are  those  which  accompany 
the  cephalic  vein  and  one  which  drains  the  upper  peripheral  part  of  the  mamma, 
but  it  receives  the  efferents  of  all  the  other  axillary  glands.  The  efferent  vessels 
of  the  subclavicular  group  unite  to  form  the  Bubclavian  trunk,  which  opens  either 
directly  into  the  junction  of  the  internal  jugular  and  subclavian  veins  or  into  the 
jugular  lymphatic  trunk;  on  the  left  side  it  may  end  in  the  thoracic  duct.  A  few 
efferents  from  the  subclavicular  glands  usually  pass  to  the  inferior  deep  cervical 
glands. 

Applied  Ajutoiaj. — In  malignant  disease  or  infectious  processes  impljcatiiq;  the  upper  part 
of  the  back  and  shoulder,  the  front  of  the  cheet  and  mamma,  the  upper  part  of  the  front  and  side 
of  the  abdomen,  or  the  band,  forearm,  and  arm,  enlargement  of  the  axillary  glands  is  very  often 

The  Ljrmpbatic  Tessels  of  the  Upper  Eztiretnitr. 

The  lymphatic  vessels  of  the  upper  extremity  are  divided  into  two  sets,  super- 
ficial and  deep. 

The  BUperflcial  lymphatic  Tessels  commence  (Fig.  663)  in  the  lymphatic  plexus 
which  everywhere  pervades  the  skin;  the  meshes  of  the  plexus  are  much  finer  in  the 
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palm  and  on  the  flexor  aspect  of  the  digits  than  elsewhere.  The  digital  plexuses 
are  drained  by  a  pair  of  vessels  which  run  on  the  sides  of  each  digit,  and  incline 
backward  to  reach  the  dorsum  of  the 
hand.  From  the  dense  plexus  of  the 
palm,  vessels  pass  in  different  direc- 
tions, viz.,  upward  toward  the  wrist, 
downward  to  join  the  digital  vessels, 
medialward  to  join  the  vessels  on  the 
ulnar  border  of  the  hand,  and  lateral- 
ward  to  those  on  the  thumb.  Sev- 
eral vessels  from  the  central  part  of 
the  plexus  unite  to  form  a  trunk, 
,  which  passes  around  the  tnetacarpal 
bone  of  the  index  finger  to  join  the 
vessels  on  the  back  of  that  digit  and 
on  the  back  of  the  thumb.  Running 
upward  in  front  of  and  behind  the 
wrist,  the  lymphatic  vessels  are  col- 
lected into  radial,  median,  and  ulnar 
groups,  which  accompany  respectively 
the  cephalic,  median,  and  basilic  veins 
in  the  forearm.  A  few  of  the  ulnar 
lymphatics  end  in  the  supratrochlear 
glands,  but  the  majority  pass  directly 
to  the  lateral  group  of  axillary 
glands.  Some  of  the  radial  vessels 
are  collectetl  into  a  trunk  which 
ascends  with  the  cephalic  vein  to  the 
deltoideopectoral  glands;  the  efferents 
from  this  group  pass  either  to  the 

Kio.    693.— Lymphalic  veB«1«  0(  the  doreal  surfiM  of  tba      SubclaVlCular    axiUary    glauds    OF     tO 

hidd.    is^pey.)  ^j^p   inferior   cervical   glands. 

The  deep  lymphatic  vessels  accompany  the  deep  bloodvessels.  In  the  fore- 
arm, they  consist  of  four  sets,  corresponding  with  the  radial,  ulnar,  volar,  and 
dorsal  interosseous  arteries;  they  communicate  at  intervals  with  the  superficial 
lymphatics,  and  some  of  them  end  in  the  glands  which  are  occasionally  found  beside 
the  arteries.  In  their  course  upward,  a  few  end  in  the  glands  which  lie  upon  the 
brachial  artery;  but  most  of  them  pass  to  the  lateral  group  of  axillary  glands. 


THE  LYMPHATICS  OF  THE  LOWER  EXTREMITT. 

The  Lymph  Glands  of  the  Lover  Extremity. 

The  lymph  glands  of  the  lower  extremity  consist  of  the  anterior  tibial  ifland 
and  the  popliteal  and  inguinal  glands. 

The  anterior  tibial  gland  {lymphoglandula  tibialis  anterior}  is  small  and  incon- 
stant. It  lies  on  the  interosseous  membrane  in  relation  to  the  upper  part  of  the 
anterior  tibial  vessels,  and  constitutes  a  substation  in  the  course  of  the  anterior 
tibial  lymphatic  trunks. 

The  popliteal  glands  {lymphoglandulae  popUteae)  {Fig.  664),  small  in  size  and 
some  six  or  seven  in  number,  are  imbedded  in  the  fat  contained  in  the  popliteal 
fossa.  One  lies  immediately  beneath  the  popliteal  fascia,  near  the  terminal  part 
of  the  small  saphenous  vein,  and  drains  the  region  from  which  this  vein  derives 
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its  tributaries.  Another  is  placed  betweeD  the  popliteal  artery  and  the  posterior 
surface  of  the  knee-joint;  it  receives  the  lymphatic  vessels  from  the  knee-joint 
together  with  those  which  accompany  the  genicular  arteries.  The  others  lie  at 
the  sides  of  the  popliteal  vessels,  and  receive  as  efferents  the  trunks  which  accom- 
pany the  anterior  and  posterior  tibial  vessels.  The  efferents  of  the  popliteal  glands 
pass  almost  entirely  alongside  the  femoral  vessels  to  the  deep  inguinal  glands,  but 
a  few  may  accompany  the  great  saphenous  vein,  and  end  in  the  glands  of  the 
superficial  subinguinal  group. 

The  ingninaJ  glands  (lymphoglandulae  inguinales)  (Fig.  665),  from  twelve  to 
twenty  in  number,  are  situated  at  the  upper  part  of  the  femoral  triangle.  They 
may  be  divided  into  two  groups  by  a  horizontal  line  at  the  level  of  the  termination 
of  the  great  saphenous  vein;  those  lying  above  this  line  are  termed  the  superficial 
infuiiial  glands,  and  those  below  it  the  subinguinal  glands,  the  latter  group  consisting 
of  a  superficial  and  a  deep  set. 


-  Tibial  nenie 

-  Popliieai  vein 

■  Foplileal  artery 


,  Oland  on   bacic  of  knee 


Fio,  004, — Lymph  gluds  of  popliteal  [oaaa.     (Poirier  ud  Chuiiy.) 

The  Superficial  Inguinal  Glands  form  a  chain  immediately  below  the  inguinal 
ligament.  They  receive  as  afferents  lymphatic  vessels  from  the  integument  of 
the  penis,  scrotum,  perineum,  buttock,  and  abdominal  wall  below  the  level  of  the 
umbilicus. 

The  Sapetfldal  Sobingoinal  Glands  {lymphoglandulae  subivguinales  guperficiales) 
are  placed  on  either  side  of  the  upper  part  of  the  great  saphenous  vein;  their 
efferents  consist  chiefly  of  the  supei£cial  lymphatic  vessels  of  the  lower  extremity; 
but  they  also  receive  some  of  the  vessels  which  drain  the  integument  of  the  penis, 
scrotum,  perineum,  and  buttock,  -i 

The  Deep  Sabinguinal  Glands  (lymphoglandulae  subinguinalea  profundae)  vary 
from  one  to  three  in  number,  and  are  placed  under  the  fascia  lata,  on  the  medial 
side  of  the  femoral  vein.  When  three  are  present,  the  lowest  is  situated  just  below 
the  junction  of  the  great  saphenous  and  femoral  veins,  the  middle  in  the  femoral 
canal,  and  the  highest  in  the  lateral  part  of  the  femoral  ring.  The  middle  one  is 
the  most  inconstant  of  the  three,  but  the  highest,  the  gland  of  Cloquet  or  HosenmUller, 
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I.  6S6. — Tha  guparficial  lymph  glandi  i 


is  also  frequently  absent.  They  receive 
as  afferents  the  deep  lymphatic  trunks 
which  accompany  the  femoral  vessels, 
the  lymphatics  from  the  glans  penis  vel 
clitoridis,  and  also  some  of  the  efferents 
from  the  super£cial  subinguinal  glands. 

^VUod  Anatomy. — Inflammatioa  and  sup- 
puration of  the  popliteal  Klanda  are  most  com- 
monly  due  to  a  sore  on  the  lateral  side  of  the 

heel. 

The  inguinal  and  eubinguinal  glands  fre- 
quently become  enlarged  in  diseaaee  implicat- 
ing the  parts  from  which  their  lymphatic 
Teasels  originate.  Thus  In  malignant  or  sjphi- 
litic  affections  of  the  prepuce  and  penis,  or 
labia  majora,  in  cancer  of  the  scrotum,  in 
abscess  in  the  perineum,  or  in  similar  diseases 
affecting  the  integument  and  superBcial  struc- 
tures in  those  parts,  or  the  subumbilical  part 
of  the  ^dominal  wall,  or  the  gluteal  region,  the 
upper  group  of  glands  is  almost  invariably  en- 
larged, the  lower  groups  being  implicate  in 
s  affecting  the  lower  limb. 


The  Z^mphatic  Vessels  of  the  Lover 
Extremi^, 

The  lymphatic  vessels  of  the  lower 
extremity  consist  of  two  sets,  superficial 
and  deep,  and  id  their  distribution  corre- 
spond closely  with  the  veins. 

The  superficial  lymphatic  vessels  lie 
in  the  superficial  fascia,  and  are  divi- 
sible into  two  groups:  a  medial,  which 
follows  the  course  of  the  great  saphenous 
vein,  and  a  lateral,  which  accompanies 
the  small  saphenous  vein.  The  vessels 
of  the  medial  Kionp  (Fig.  665)  are  larger 
and  more  numerous  than  those  of  the 
lateral  group,  and  commence  on  the 
tibial  side  and  dorsum  of  the  foot;  they 
ascend  both  in  front  of  and  behind  the 
medial  m^leolus,  run  up  the  leg  with  the 
great  saphenous  vein,  pass  with  it  behind 
the  medial  condyle  of  the  femur,  and 
accompany  it  to  the  groin,  where  they 
end  in  the  subinguinal  group  of  super- 
ficial glands.  The  vessels  of  the  lateral 
group  arise  from  the  fibular  side  of  the 
foot;  some  ascend  in  front  of  the  leg, 
and,  just  below  the  knee,  cross  the  tibia 
to  join  the  lymphatics  on  the  medial  side 
of  the  thigh;  others  pass  behind  the 
lateral  malleolus,  and,  accompanying  the 
small  saphenous  vein,  enter  the  popliteal 
glands. 
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The  deep  lymphatic  vessels  are  few  in  number,  and  accompany  the  deep  blood- 
vesseb.  In  the  leg,  they  consist  of  three  sets,  the  anterior  tibial,  posterior  tibial, 
and  peroneal,  which  accompany  the  corresponding  bloodvessels,  two  or  three  with 
each  artery ;  they  enter  the  popliteal  lymph  glands. 

The  deep  lymphatic  vessels  of  the  gluteal  and  ischial  regions  follow  the  course 
of  the  corresponding  bloodvessels.  Those  accompanying  the  superior  gluteal 
vessels  end  in  a  gland  which  lies  on  the  intrapelvic  portion  of  the  superior  gluteal 
artery  near  the  upper  border  of  the  greater  sciatic  foramen.  Those  following 
the  inferior  gluteal  vessels  traverse  one  or  two  small  glands  which  lie  below  the 
Piriformis  muscle,  and  end  in  the  hypogastric  glands. 


Oland  in 
front  of  aacral 
promonUrry 

Commom  Uiac- 


Exttrtial  Mat 


Fio.  ew.— Tlw  purieial  lymph  cluiili  of  the  pelvU.     (Cun*o  md  MirdO*.) 


THE  LYMPHATICS   OF  THE  ABDOMEN  AND  PELVIS. 

The  Lymph  Glands  of  the  Abdomen  and  Pelvis. 

The  lymph  glands  of  the  abdomen  and  pelvis  may  be  divided,  from  their  situa- 
tions, into  (a)  parietal,  lying  behind  the  peritoneum  and  in  close  association  with 
the  larger  bloodvessels;  and  (6)  visceral,  which  are  found  in  relation  to  the  visceral 
arteries. 
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The  parietal  f lands  (Figs.  666,  667)  include  the  following  groups: 

Externa!  Iliac.  Iliac  Circumflex.  ^Lateral  Aortic. 

Common  Iliac.  Hypogastric.  Lumbar  I  Preaortic. 

Epigastric.  Sacral .  I  Retroaortic. 

The  External  Iliac  Olands,  from  eight  to  ten  in  number,  lie  along  the  external 
iliac  vessels.  They  are  arranged  in  three  groups,  one  on  the  lateral,  another 
on  the  medial,  and  a.  third  on  the  anterior  aspect  of  the  vessels;  the  third  group  is, 
however,  sometimes  absent.  Their  principal  afferents  are  derived  from  the  inguinal 
and  subinguinal  glands,  the  deep  lymphatics  of  the  abdominal  wall  below  the  umbili- 
cus and  of  the  adductor  region  of  the  thigh,  and  the  lymphatics  from  the  glans 
penis  vel  clitoridis,  the  membranous  urethra,  the  prostate,  the  fundus  of  the  bladder, 
the  cervix  uteri,  and  upper  part  of  the  vagina. 


JnUnur  I  Ifi  mphai 
bladder 


The  Common  Iliac  Glands,  four  to  six  in  number,  are  grouped  behind  and  on  the 
sides  of  the  common  iliac  artery,  one  or  two  being  placed  below  the  bifurcation 
of  the  aorta,  in  front  of  the  fifth  lumbar  vertebra.  They  drain  chiefly  the  hypo- 
gastric and  external  iliac  glands,  and  their  elferents  pass  to  the  lateral  aortic  glands. 

The  Epigastric  Olands  {lymphoghndulae  epigastricae),  three  or  four  in  number, 
are  placed  alongside  the  lower  portion  of  the  inferior  epigastric  vessels. 

The  niac  Circumflex  Glands,  two  to  four  in  number,  are  situated  along  the  course 
of  the  deep  iliac  circumflex  vessels;  they  are  sometimes  absent. 

The  Hrpofastric  Glands  {lymphogJandulae  hypogastricae;  internal  iliac  gland) 
(Fig.  667)  surround  the  hypogastric  vessels,  and  receive  the  lymphatics  corre- 
sponding to  the  distribution  of  the  branches  of  the  hypoga.stric  artery,  i.  e.,  they 
receive  lymphatics  from  all  the  pelvic  viscera,  from  the  deeper  parts  of  the  perineum, 
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including  the  membranous  and  cavernous  portions  of  the  urethra,  and  from  the 
buttock  and  back  of  the  thigh.  An  obturator  gland  is  sometimes  seen  in  the  upper 
part  of  the  obturator  foramen. 

The  Sacral  Glands  are  placed  in  the  concavity  of  the  sacrum,  in  relation  to  the 
middle  and  lateral  sacral  arteries;  they  receive  lymphatics  from  the  rectum  and 
posterior  wall  of  the  pelvis. 

The  efferents  of  the  hypogastric  group  end  in  the  common  iliac  glands. 

The  Lumbar  Glands  (lymphoglandidde  lumbal^)  are  very  numerous,  and  consist 
of  right  and  left  lateral  aortic,  preaortic,  and  retroaortic  groups. 

The  right  lateral  aortic  glands  are  situated  partly  in  front  of  the  inferior  vena 
cava,  near  the  termination  of  the  renal  vein,  and  partly  behind  it  on  the  origin  of  the 
Psoas  major,  and  on  the  right  crus  of  the  Diaphragma.  The  left  lateral  aortic 
glands  form  a  chain  on  the  left  side  of  the  abdominal  aorta  in  front  of  the  origin 
of  the  Psoas  major  and  left  crus  of  the  Diaphragma.  The  glands  on  either  side 
receive  (a)  the  efferents  of  the  common  iliac  glands,  (b)  the  lymphatics  from  the 
testis  in  the  male  and  from  the  ovary,  uterine  tube,  and  body  of  the  uterus  in  the 
female;  (c)  the  lymphatics  from  the  kidney  and  suprarenal  gland;  and  (d)  the 
lymphatics  draining  the  lateral  abdominal  muscles  and  accompanying  the  lumbar 
veins.  Most  of  the  eflFerent  vessels  of  the  lateral  aortic  glands  converge  to  form 
the  right  and  left  lumbar  trunks  which  join  the  cistema  chyli,  but  some  enter  the 
pre-  and  retroaortic  glands,  and  others  pierce  the  crura  of  the  Diaphragma  to  join 
the  lower  end  of  the  thoracic  duct.  The  preaortic  glands  lie  in  front  of  the  aorta, 
and  may  be  divided  into  codiac,  superior  mesenteric,  and  inferior  mesenteric  groups, 
arranged  around  the  origins  of  the  corresponding  arteries.  They  receive  a  few 
vessels  from  the  lateral  aortic  glands,  but  their  principal  afferents  are  derived  from 
the  viscera  supplied  by  the  three  arteries  with  which  they  are  associated.  Some 
of  their  eflFerents  pass  to  the  retroaortic  glands,  but  the  majority  unite  to  form 
the  intestinal  trunk,  which  enters  the  cisterna  chyli.  The  retroaortic  glands  are  placed 
below  the  cisterna  chyli,  on  the  bodies  of  the  third  and  fourth  lumbar  vertebrae. 
They  receive  lymphatic  trunks  from  the  lateral  and  preaortic  glands,  w^hile  their 
efferents  end  in  the  cistema  chyli. 


The  Lymphatic  Vessels  of  the  Abdomen  and  Pelvis. 

The  lymphatic  vessels  of  the  walls  of  the  abdomen  and  pelvis  may  be  divided 
into  two  sets,  superficial  and  deep. 

The  superficial  vessels  follow  the  course  of  the  superficial  bloodvessels  and 
converge  to  the  superficial  inguinal  glands;  those  derived  from  the  integument 
of  the  front  of  the  abdomen  below  the  umbilicus  follow  the  course  of  the  superficial 
epigastric  vessels,  and  those  from  the  sides  of  the  lumbar  part  of  the  abdominal 
wall  pass  along  the  crest  of  the  ilium,  with  the  superficial  iliac  circumflex  vessels. 
The  superficial  lymphatic  vessels  of  the  gluteal  region  turn  horizontally  around  the 
buttock,  and  join  the  superficial  inguinal  and  subinguinal  glands. 

The  deep  vessels  run  alongside  the  principal  bloodvessels.  Those  of  the  parietes 
of  the  pelvis,  which  accompany  the  superior  and  inferior  gluteal,  and  obturator 
vessels,  follow  the  course  of  the  hypogastric  artery,  and  ultimately  join  the  lateral 
aortic  glands. 

Lymphatic  Vessels  of  the  Perineum  and  External  Genitals. — ^The  lymphatic  vessels 
of  the  perineiun,  of  the  integument  of  the  penis,  and  of  the  scrotum  (or  vulva), 
follow^  the  course  of  the  external  pudendal  vessels,  and  end  in  the  superficial  ingui- 
nal and  subinguinal  glands.  Those  of  the  glans  penis  vel  clitoridis  terminate 
partly  in  the  deep  subinguinal  glands  and  partly  in  the  external  iliac  glands. 

The  visceral  glands  are  associated  with  the  branches  of  the  cceliac,  superior 
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and  inferior  mesenteric  arteries.  Those  related  to  the  branches  of  the  cceliac 
artery  form  three  sets,  gastric,  hepatic,  and  pancreaticotienal. 

The  GaBtric  Olands  (Figs.  668,  669}  consist  of  two  sets,  superior  and  inferior. 

The  Superior  Ooatrlc  Qlands  {lymphoglandulae  gaatricae  superiores)  accompan.v 
the  left  gastric  artery  and  are  divisibJe  into  three  groups,  viz. :  {a)  upper,  on  the 
stem  of  the  artery;  (6)  lower,  accompanying  the  descending  branches  of  the  arterj' 
along  the  cardiac  half  of  the  lesser  curvature  of  the  stomach,  between  the  two  layers 
of  the  lesser  omentum;  and  (c)  paracardial  outlying  members  of  the  gastric  glands, 
disposed  in  a  manner  comparable  to  a  chain  of  beads  around  the  neck  of  the  stomach 
(Jamieson  and  Dobson')-  They  receive  their  afferents  from  the  stomach;  their 
efferents  pass  to  the  cceliac  group  of  preaortic  glands. 

Paracardial  glands 


'$ 


Inferior  gattric  glanda 
Fia.  ess,— Lymphstica  of  Momaoh.  etc.     (Jamie«D  and  Dobsoa.) 

The  Inferior  Gastric  Glands  (lymphoglandulae  gaatricae  inferiores;  right  g<utTo- 
epiploin  gland),  four  to  seven  in  number,  lie  between  the  two  layers  of  the  greater 
omentum  along  the  pyloric  half  of  the  greater  curvature  of  the  stomach,  and  may 
be  regarded  as  an  outlying  group  of  the  hepatic  glands. 

The  Hepatic  Olands  {lymphoglandulae  hepaticae)  (Fig.  668),  consist  of  the  follow- 
ing groups:  (a)  hepatic,  on  the  stem  of  the  hepatic  artery,  and  extending  upward 
along  the  common  bile  duct,  between  the  two  layers  of  the  lesser  omentum,  as 
far  as  the  porta  hepatis;  the  cystic  gland,  a  member  of  this  group,  is  placed  near 
the  neck  of  the  gall-bladder;  (fc)  snbpyloric,  four  or  five  in  number,  in  close  relation 
to  the  bifurcation  of  the  gastroduodenal  arter;-,  in  the  angle  between  the  superior 
and  descending  parts  of  the  duodenum ;  an  outlying  member  of  this  group  is  some- 
times found  above  the  duodenum  on  the  right  gastric  (pyloric)  artery.  The  glands 
of  the  hepatic  chain  receive  afferents  from  the  stomach,  duodenum,  liver,  gall- 
bladder, and  pancreas;  their  efferents  join  the  cceliac  group  of  preaortic  glands. 

The  Pancieaticolieiial  Gtanda  [lymphogUmduiae  paTicreaticolienales;  splenic 
glands)  (Fig.  669)  accompany  the  lienal  (splenic)  artery,  and  are  situated  in  rela- 
tion to  the  posterior  surface  and  upper  border  of  the  pancreas;  one  or  two  members 
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of  this  group  are  found  in  the  gastrolienal  ligament  (Jamieson  and  Dobson,  op.  cii.). 
Their  afferents  are  derived  from  the  stomach,  spleen,  and  pancreas,  their  efferenta 
join  the  coeliac  group  of  preaortic  giands. 

The  saperior  mesenteric  glands  may  be  divided  into  three  principal  groups: 
mesenteric.  Ileocolic,  and  mesocolic. 

The  Mesenteric  Olanda  (lymphoglandulae  meaeniericae)  lie  between  the  layen*  of 
the  mesenterj'.  They  vary  from  one  hundred  to  one  hundred  and  fifty  in  number, 
and  may  be  grouped  into  three  sets,  viz. :  one  lying  close  to  the  wall  of  the  small 
intestine,  among  the  terminal  twigs  of  the  superior  mesenteric  artery;  a  second, 
in  relation  to  the  loops  and  primary  branches  of  the  vessels;  and  a  third  along 
the  trunk  of  the  artery. 


Fic.  Oeo.— Lymptutin  of  Momach,  tic.    The  stomsch  hu  been  turned  upwiinl.     (Jamieeon  and  Dobaoo.) 

AppUed  Aiutomr. — Enlargement  of  the  meaenteric  lymphatic  glande  is  seen  in  tnoet  diseased 
conditione  of  the  mt«etinaJ  tract,  and  ia  well-marked  in  enteric  fever,  tuberculous  ulceration  or 
malignajit  growths  of  the  bowel.  The  enlarged  glands  can  often  be  palpated  through  the  wall 
of  the  abdomen. 

The  Ileocolic  (lands  (Figs.  670,  671),  from  ten  to  twenty  in  number,  form  a  chain 
around  the  ileocolic  artery,  but  show  a  tendency  to  subdivision  into  two  groups, 
one  near  the  duodenum  and  another  on  the  lower  part  of  the  trunk  of  the  artery. 
Where  the  vessel  divides  into  its  terminal  branches  the  chain  is  broken  up  into  sev- 
eral groups,  viz.;  (a)  ileal,  in  relation  to  the  ileal  branch  of  the  artery;  (b)  anterior 
ileocolic,  usually  of  three  glands,  in  the  ileocolic  fold,  near  the  wall  of  the  cecum; 
(c)  posterior  ileocolic,  mostly  placed  in  the  angle  between  the  ileum  and  the  colon, 
but  partly  lying  behind  the  cecum  at  its  junction  with  the  ascending  colon;  (d) 


a  single  gland,  between  the  layers  of  the  mesenteriole  of  the  vermiform  process; 
(e)  rifht  colic,  along  the  medial  side  of  the  ascending  colon. 


Cfeum  Fermiform  jnoce^a 

Flo.  670.— Tbc  lymphatlcg  of  csoum  snd  vermiform  piooM  from  tbs  front.     (JimiMon  iDcl  Dabwi 
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The  MesocoUc  Glands  {lymphogJandulae  mesocolicae)  are  numerous,  and  lie  between 
the  layers  of  the  transverse  mesocolon,  in  close  relation  to  the  transverse  colon; 
they  are  best  developed  in  the  neighborhood  of  the  right  and  left  colic  flexures. 
One  or  two  small  glands  are  occasionally  seen  along  the  trunk  of  the  right  colic 
artery  and  others  are  found  in  relation  to  the  trunk  and  branches  of  the  middle 
colic  arterj'. 

The  superior  mesenteric  glands  receive  afferents  from  the  jejunum,  ileum,  cecum, 
vermiform  process,  and  the  ascending  and  transverse  parts  of  the  colon;  their 
efferents  pass  to  the  preaortic  glands. 


The  inferioi  meseDteric  gUnds  (Fig.  672)  consist  of:  (a)  small  glands  on  the 
branches  of  the  left  colic  and  sigmoid  arteries;  (6)  a  group  in  the  sigmoid  mesocolon, 
around  the  superior  hemorrhoidal  artery;  and  (c)  a  pararectal  group  id  contact  with 
the  muscular  coat  of  the  rectum.  They  drain  the  descending  iliac  and  sigmoid 
I>arts  of  the  colon  and  the  upper  part  of  the  rectum;  their  efferents  pass  to  the 
preaortic  glands. 

The  Lynvhatie  Vessels  of  the  Abdominal  and  PeMc  Viscera. 

The  lymphatic  vessels  of  the  abdominal  and  pelvic  viscera  consist  of  (1)  those 
of  the  subdiaphragmatic  portion  of  the  digestive  tube  and  its  associated  glands, 
the  liver  and  pancreas;  (2)  those  of  the  apleen  and  suprarenal  glands;  (3)  those  of 
the  urinary  organs;  (4)  those  of  the  reproductive  organs. 

1.  The  lymphatic  vessels  of  the  subdiaphragmatic  portion  of  the  digestiTe  tube 
are  situated  partly  in  the  mucous  membrane  and  partly  in  the  seromuscular  coats, 
but  as  the  former  system  drains  into  the  latter,  the  two  may  be  considered  as  one. 
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The  Lymphatic  Vessels  of  the  Stomach  (Figs.  668,  669)  are  continuous  at  the 
cardiac  orifice  with  those  of  the  oesophagus,  and  at  the  pylorus  with  those  of  the 
duodenum.  They  mainly  follow  the  bloodvessels,  and  may  be  arranged  in  four 
sets.  Those  of  the  first  set  accompany  the  branches  of  the  left  gastric  arter}-, 
receiving  tributaries  from  a  large  area  on  either  surface  of  the  stomach,  and  ter- 
minate in  the  superior  gastric  glands.  Those  of  the  second  set  drain  the  fundus 
and  body  of  the  stomach  on  the  left  of  a  line  drawn  vertically  from  the  oesophagus; 
they  accompany,  more  or  less  closely,  the  short  gastric  and  left  gastroepiploic 
arteries,  and  end  in  the  pancreaticolienal  glands.  The  vessels  of  the  third  set  drain 
the  right  portion  of  the  greater  curvature  as  far  as  the  pyloric  portion,  and  end  in 
the  inferior  gastric  glands,  J;he  efferents  of  which  pass  to  the  subpyloric  group. 
Those  of  the  fourth  set  drain  the  pyloric  portion  and  pass  to  the  hepatic  and 
subpyloric  glands,  and  to  the  superior  gastric  glands. 

The  Lynqkhatic  Vessels  of  the  Duodenum  consist  of  an  anterior  and  a  posterior 
set,  which  open  into  a  series  of  small  pancreaticoduodenal  glands  on  the  anterior 
and  posterior  aspects  of  the  groove  between  the  head  of  the  pancreas  and  the  duo- 
denum. The  efferents  of  these  glands  run  in  two  directions,  upward  to  the  hepatic 
glands  and  downward  to  the  preaortic  glands  around  the  origin  of  the  superior 
mesenteric  artery. 

The  Lymphatic  Vessels  of  the  Jejunum  and  Ileum  are  termed  lacteals,  from  the 
milfc-white  fluid  they  contain  during  intestinal  digestion.  They  run  between  the 
layers  of  the  mesentery  and  enter  the  mesenteric  glands,  the  efferents  of  which 
end  in  the  preaortic  glands. 

The  Lymphatic  Vessels  of  the  Vermiform  Process  and  Cecum  (Figs.  670,  671)  are 
numerous,  since  in  the  wall  of  this  process  there  is  a  large  amount  of  adenoid  tissue. 
From  the  body  and  tail  of  the  vermiform  process  eight  to  fifteen  vessels  ascend 
between  the  layers  of  the  mesenteriole,  one  or  two  being  interrupted  in  the  gland 
which  lies  between  the  layers  of  this  peritoneal  fold.  They  unite  to  form  three 
or  four  vessels,  which  end  partly  in  the  lower  and  partly  in  the  upper  glands  of  the 
ileocolic  chain.  The  vessels  from  the  root  of  the  vermiform  process  and  from  the 
cecum  consist  of  an  anterior  and  a  posterior  group.  The  anterior  vessels  pass  in 
front  of  the  cecum,  and  end  in  the  anterior  ileocolic  glands  and  in  the  upper  and 
lower  glands  of  the  ileocolic  chain;  the  posterior  vessels  ascend  over  the  back  of  the 
cecum  and  terminate  in  the  posterior  ileocolic  glands  and  in  the  lower  glands  of  the 
ileocolic  chain. 

Lymphatic  Vessels  of  the  Colon  (Fig.  672). — ^The  lymphatic  vessels  of  the  ascend- 
ing and  transverse  parts  of  the  colon  finally  end  in  the  mesenteric  glands,  after 
traversing  the  right  colic  and  mesocolic  glands.  Those  of  the  descending  and  iliac 
sigmoid  parts  of  the  colon  are  interrupted  by  the  small  glands  on  the  branches 
of  the  left  colic  and  sigmoid  arteries,  and  ultimately  end  in  the  preaortic  glands 
around  the  origin  of  the  inferior  mesenteric  artery. 

Lymphatic  Vessels  of  the  Anus,  Anal  Canal,  and  Rectum. — ^The  lymphatics  from 
the  anus  pass  forward  and  end  with  those  of  the  integument  of  the  perineum  and 
scrotum  in  the  superficial  inguinal  glands;  those  from  the  anal  canal  accompany 
the  middle  and  inferior  hemorrhoidal  arteries,  and  end  in  the  hypogastric  glands; 
while  the  vessels  from  the  rectum  traverse  the  pararectal  glands  and  pass  to  those 
in  the  sigmoid  mesocolon;  the  efferents  of  the  latter  terminate  in  the  preaortic 
glands  around  the  origin  of  the  inferior  mesenteric  artery. 

The  Lymphatic  Vessels  of  the  Liver  are  divisible  into  two  sets,  superficial  and  deep. 
The  former  arise  in  the  subperitoneal  areolar  tissue  over  the  entire  surface  of  the 
organ,  and  may  be  grouped  into  (a)  those  on  the  convex  surface,  (6)  those  on  the 
inferior  surface. 

(a)  On  the  convex  surface:  The  vessels  from  the  back  part  of  this  surface  reach 


THE  LYMPHATIC  VESSELS  OF-  ABDOMINAL  AND  PELVIC  VISCERA     793 

their  terminal  glands  by  three  different  routes;  the  vessels  of  the  middle  set,  five 
or  six  in  nimiber,  pass  through  the  vena-caval  foramen  in  the  Diaphragma  and  end 
in  one  or  two  glands  which  are  situated  around  the  terminal  part  of  the  inferior 
vena  cava;  a  few  vessels  from  the  left  side  pass  backward  toward  the  oesophageal 
hiatus,  and  terminate  in  the  paracardial  group  of  superior  gastric  glands;  the  vessels 
from  the  right  side,  one  or  two  in  niunber,  run  on  the  abdominal  surface  of  the 
Diaphragma,  and,  after  crossing  its  right  cms,  end  in  the  preaortic  glands  which 
surround  the  origin  of  the  coeliac  artery.  From  the  portions  of  the  right  and  left 
lobes  adjacent  to  the  falciform  ligament,  the  lymphatic  vessels  converge  to  form 
two  trunks,  one  of  which  accompanies  the  inferior  vena  cava  through  the  Dia- 
phragma, and  ends  in  the  glands  around  the  terminal  part  of  this  vessel;  the  other 
runs  downward  and  forward,  and,  turning  around  the  anterior  sharp  margin  of  the 
liver,  accompanies  the  upper  part  of  the  ligamentum  teres,  and  ends  in  the  upper 
hepatic  glands.  From  the  anterior  surface  a  few  additional  vessels  turn  around  the 
anterior  sharp  margin  to  reach  the  upper  hepatic  glands. 

(6)  On  the  inferior  surface:  The  vessels  from  this  surface  mostly  converge 
to  the  porta  hepatis,  and  accompany  the  deep  lymphatics,  emerging  from  the 
porta  to  the  hepatic  glands;  one  or  two  from  the  posterior  parts  of  the  right  and 
caudate  lobes  accompany  the  inferior  vena  cava  through  the  Diaphragma,  and 
end  in  the  glands  around  the  terminal  part  of  this  vein. 

The  deep  lymphatics  converge  to  ascending  and  descending  trunks.  The  ascend- 
ing trunks  accompany  the  hepatic  veins  and  pass  through  the  Diaphragma  to  end 
in  the  glands  around  the  terminal  part  of  the  inferior  vena  cava.  The  descending 
tnmks  emerge  from  the  porta  hepatis,  and  end  in  the  hepatic  glands. 

The  Lymphatic  Vessels  of  the  Gall-blftdder  pass  to  the  hepatic  glands  in  the  porta 
hepatis;  those  of  the  comznon  bile  duct  to  the  hepatic  glands  alongside  the  duct 
and  to  the  upper  pancreaticoduodenal  glands. 

The  Lymphatic  Vessels  of  the  Pancreas  follow  the  course  of  its  bloodvessels. 
Most  of  them  enter  the  pancreaticolienal  glands,  but  some  end  in  the  pancreatico- 
duodenal glands,  and  others  in  the  preaortic  glands  near  the  origin  of  the  superior 
mesenteric  artery. 

2.  The  lymphatic  vessels  of  the  spleen  and  suprarenal  glands. 

The  Lymphatic  Vessels  of  the  Spleen,  both  superficial  and  deep,  pass  to  the  pan- 
creaticolienal glands. 

The  Lymphatic  Vessels  of  the  Suprarenal  Glands  usually  accompany  the  suprarenal 
veins,  and  end  in  the  lateral  aortic  glands;  occasionally  some  of  the^l  pierce  the 
crura  of  the' Diaphragma  and  end  in  the  glands  of  the  posterior  mediastinal  cavity. 

3.  The  l3nnpliatic  vessels  of  the  urinary  organs. 

The  Lymphatic  Vessels  of  the  Kidney  form  three  plexuses:  one  in  the  substance 
of  the  kidney,  a  second  beneath  its  fibrous  capsule,  and  a  third  in  the  perinephric 
fat;  the  second  and  third  communicate  freely  with  each  other.  The  vessels  from 
the  plexus  in  the  kidney  substance  converge  to  form  four  or  five  trunks  which 
issue  at  the  hilus.  Here  they  are  joined  by  vessels  from  the  plexus  under  the 
capsule,  and,  following  the  course  of  the  renal  vein,  end  in  the  lateral  aortic  glands. 
The  perinephric  plexus  is  drained  directly  into  the  upper  lateral  aortic  glands. 

The  Lymphatic  Vessels  of  die  Ureter  run  in  different  directions.  Those  from 
its  upper  portion  end  partly  in  the  efferent  vessels  of  the  kidney  and  partly  in  the 
lateral  aortic  glands;  those  from  the  portion  immediately  above  the  brim  of  the 
lesser  pelvis  are  drained  into  the  common  iliac  glands;  while  the  vessels  from  the 
intrapelvic  portion  of  the  tube  either  join  the  efferents  from  the  bladder,  or  end 
in  the  hypogastric  glands. 

The  Lymphatic  Vessels  of  the  Bladder  (Fig.  673)  originate  in  two  plexuses,  an 
intra-  and  an  extramuscular,  it  being  generally  admitted  that  the  mucous  mem- 
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brane  is  devoid  of  lymphatic'  The  efferent  vessels  are  arranged  in  two  groups, 
one  from  the  anterior  and  another  from  the  posterior  surface  of  the  bladder.  Tbc 
vessels  from  the  aiiierior  surface  pass  to  the  external  iliac  glands,  but  in  their  course 
minute  glands  are  situated.  These  minute  glands  are  arranged  in  two  groups, 
an  anterior  vesical,  in  front  of  the  bladder,  and  a  l&teial  vesical,  in  relation  to  the 
lateral  umbilical  ligament.  The  vessels  from  the  posterior  surface  pass  to  the  hypo- 
gastric, external,  and  common  iliac  glands;  those  draining  the  upper  part  of  this 
surface  traverse  the  lateral  vesical  glands. 

The  Lymphatic  Vesseb  ol  tiie  Prostate  (Fig.  674)  terminate  chiefly  in  the  h\'po- 
gastric  and  sacral  glands,  but  one  trunk  from  the  posterior  surface  ends  in  the  exter- 
nal iliac  glands,  and  another  from  the  anterior  surface  joins  the  vessels  which  drain 
the  membranous  part  of  the  urethra. 


Fia,  073-— Lymphiktiafl  of  the  bladder.     (Cimto  uul  Mareillfl.) 

Lymphatic  Vessels  ol  the  Urethra. — The  lymphatics  of  the  cavernous  portion  of 
the  urethra  accompany  those  of  the  glans  penis,  and  terminate  with  them  in  the  deep 
subinguinal  and  external  iliac  glands.  Those  of  the  memhranoun  and  prostatic 
portions,  and  those  of  the  whole  urethra  in  the  female,  pass  to  the  hypogastric  glands. 

(4)  The  lymphatic  vesseU  of  the  reproductiTe  organa. 

The  Lymphatic  Vessels  of  the  Testes  consist  of  two  sets,  superficial  and  deep, 
the  former  commencing  on  the  surface  of  the  tunica  vaginalis,  the  latter  in  the 
epididymis  and  body  of  the  testis.  They  form  from  four  to  eight  collecting  trunks 
which  ascend  with  the  spermatic  veins  in  the  spermatic  cord  and  along  the  front 
of  the  Psoas  major  to  the  level  where  the  spermatic  vessels  cross  the  ureter  and  end 
in  the  lateral  and  preaortic  groups  of  lumbar  glands.' 

The  Lymphatic  Vessels  of  ^e  Ductus  Deferens  pass  to  the  external  iliac  glands; 
those  of  the  vesiculae  seminales  partly  to  the  hypogastric  and  partly  to  the  external 
glands. 

'  Some  nuthoriiicH  rnaincain  thaC  s  pleius  of  lymphatic  veskIh  do«9  eiiat  ia  the  mucous  membmne  oi  tbr  bladder 
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The  Lymphatic  Vesnls  of  the  Ovary  are  similar  to  those  of  the  testis,  and  ascend 
with  the  ovarian  artery  to  the  lateral  and  preaortic  glands. 

The  Lymphatic  Vessels  of  the  Utemie  Tube  pass  partly  with  those  of  the  ovary 
and  partly  with  those  of  the  uterus. 


Fio.  674.— Lymphstin  d(  the  proet&te.  (Cunio  ud  Ma 
into  eitenul  iliac  ilBuai.  d.  RetroproeUlic  lympb  nodei. 
/.  GUod  in  [ront  olucnl  proinoDtory.  g.  LatecifuFral  gli 
ttiwliil  Ij-mphstic  veBeb. 

The  Lymphatic  Vessels  of  tiie  Uterus  (Fig.  675)  consist  of  two  sets,  superficial 
and  deep,  the  former  being  placed  beneath  the  peritoneum,  the  latter  in  the  sub- 
stance of  the  organ.  The  lymphatics  of  the  cervix  uteri  run  in  three  directions: 
transversely  to  the  external  iliac  glands,  postero-laterally  to  the  hypogastric  glands, 
and  posteriorly  to  the  common  iliac  glands.  The  majority  of  the  vessels  of  the  body 
and  fundus  of  the  uterus  pass  lateralward  in  the  broad  ligaments,  and  are  continued 
up  with  the  ovarian  vessels  to  the  lateral  and  preaortic  glands;  a  few.  however, 
run  to  the  external  iliac  glands,  and  one  or  two  to  the  superficial  inguinal  glands. 
In  the  unimpregnated  uterus  the  lymphatic  vessels  are  very  small,  but  during 
gestation  they  are  greatly  enlarged. 

The  Lymi^atic  Vessels  of  the  Vagina  are  carried  in  three  directions:  those  of 
the  upper  part  of  the  vagina  to  the  external  iliac  glands,  those  of  the  middle  part 
to  the  hypogastric  glands,  and  those  of  the  lower  part  to  the  common  iliac  glands. 
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On  the  course  of  the  vessels  from  the  middle  and  lower  parts  small  glands  are 
situated.  Some  lymphatic  vessels  from  the  lower  part  of  the  vagina  ioin  those 
of  the  vulva  and  pass  to  the  superficial  inguinal  glands.  The  lymphatics  of  the 
vagina  anastomose  with  those  of  the  cervix  uteri,  vulva,  and  rectum,  but  not  with 
those  of  the  bladder. 


)  675— LymphBticsol  thFut«n]9.  ICun^snd  Marrlllc.)  a.  Eflerepta  to  liMral  aortic  g]ud«.  b.e.d.  'ESntBU 
tera^  iliac  ElaDds.  r,  N«t-WDTk  on  lAt«r(i]  aniect  of  cervix  uteri.  /.  Gluids  in  froDt  of  AHcm]  promonltjry.  9. 
EOU  to  KalnHii  in  front  of  Bscru]  oromonlory.  h.  HypoBMtric  glaodi.  i.  Lateral  Mcnl  »laiiil«.  ).  Vemola  dndn- 
ito  bypoBaalric  claD<l>.    ''.  Veuels  passinc  to  Isteral  sacral  glandg. 


THE  LYMPHATICS  OF  THE  THORAX. 

The  lymph  (lands  of  the  thorax  may  be  divided  into  parietal  and  visceral — the 
former  being  situated  in  the  thoracic  wall,  the  latter  in  relation  to  the  viscera. 

The  parietal  lymph  glands  include  the  sternal,  intercostal,  and  diapfaraKmatic 
{lands. 

1.  The  Sternal  Glands  {lymphoglandulae  stemalen;  internal  mammary  glands)  are 
placed  at  the  anterior  ends  of  the  intercostal  spaces,  by  the  side  of  the  internal 
mammary  artery.  They  derive  afferents  from  the  mamma,  from  the  deeper  struc- 
tures of  the  anterior  abdominal  wall  above  the  le\'el  of  the  umbilicus,  from  the 
upper  surface  of  the  liver  through  a  small  group  of  glands  which  lie  behind  the 
xiphoid  process,  and  from  the  deeper  parts  of  the  anterior  portion  of  the  thoracic 
wall.  Their  efferents  usually  unite  to  form  a  single  trunk  on  either  sid^;  this  may 
open  directly  into  the  junction  of  the  internal  jugular  and  subclavian  veins,  or 
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that  of  the  right  side  may  join  the  right  subclavian  trunk,  and  that  of  the  left 
the  thoracic  duct. 

2.  The  Intercostal  Glands  {lymphoglandulae  iniercosiales)  occupy  the  posterior 
parts  of  the  intercostal  spaces,  in  relation  to  the  intercostal  vessels.  They  receive 
the  deep  lymphatics  from  the  postero- lateral  aspect  of  the  chest;  some  of  these 
vessels  are  interrupted  by  small  lateral  intercostal  glands.  The  efferents  of  the 
glands  in  the  lower  four  or  five  spaces  unite  to  form  a  trunk,  which  descends  and 
opens  either  into  the  cistema  chyli  or  into  the  commencement  of  the  thoracic  duct. 
The  efferents  of  the  glands  in;  the  upper  spaces  of  the  left  side  end  in  the  thoracic 
duct;  those  of  the  corresponding  right  spaces,  in  the  right  lymphatic  duct. 

3.  The  Diaimragmatic  Glands  lie  on  the  thoracic  aspect  of  the  Diaphragma, 
and  consist  of  three  sets,  anterior,  middle,  and  posterior. 

The  anterior  set  comprises  (a)  two  or  three  small  glands  behind  the  base  of  the 
xiphoid  process,  which  receive  afferents  from  the  convex  surface  of  the  liver,  and 
(6)  one  or  two  glands  on  either  side  near  the  junction  of  the  seventh  rib  with  its 
cartilage,  which  receive  lymphatic  vessels  from  the  front  part  of  the  Diaphragma. 
The  efferent  vessels  of  the  anterior  set  pass  to  the  sternal  glands. 

The  middle  set  consists  of  two  or  three  glands  on  either  side  close  to  where  the 
phrenic  nerves  enter  the  Diaphragma.  On  the  right  side  some  of  the  glands  of  this 
group  lie  within  the  fibrous  sac  of  the  pericardimn,  on  the  front  of  the  termination 
of  the  inferior  vena  cava.  The  afferents  of  this  set  are  derived  from  the  middle 
part  of  the  Diaphragma,  those  on  the  right  side  also  receiving  afferents  from  the 
convex  surface  of  the  liver.   Their  efferents  pass  to  the  posterior  mediastinal  glands. 

The  posterior  set  consists  of  a  few  glands  situated  on  the  back  of  the  crura  of 
the  Diaphragma,  and  connected  on  the  one  hand  with  the  lumbar  glands  and  on 
the  other  with  the  posterior  mediastinal  glands. 

The  superficial  Ijrmphatic  vessels  of  the  thoracic  wall  ramify  beneath  the  skin 
and  converge  to  the  axillary  glands.  Those  over  the  Trapezius  and  Latissimus 
dorsi  run  forward  and  unite  to  form  about  ten  or  twelve  trunks  which  end  in  the 
subscapular  group.  Those  over  the  pectoral  region,  including  the  vessels  from  the 
skin  covering  the  peripheral  part  of  the  mamma,  run  backward,  and  those  over 
the  Serratus  anterior  upward,  to  the  pectoral  group.  Others  near  the  lateral  margin 
of  the  sternum  pass  inward  between  the  rib  cartilages  and  end  in  the  sternal  glands, 
while  the  vessels  of  opposite  sides  anastomose  across  the  front  of  the  sternum.  A 
few  vessels  from  the  upper  part  of  .the  pectoral  region  ascend  over  the  clavicle  to 
the  supraclavicular  group  of  cervical  glands. 

The  Lymphatic  Vessels  of  the  Mamma  originate  in  a  plexus  in  the  interlobular 
spaces  and  on  the  walls  of  the  galactophorous  ducts.  Those  from  the  central  part 
of  the  gland  pass  to  an  intricate  plexus  situated  beneath  the  areola,  a  plexus  which 
receives  also  the  lymphatics  from  the  skin  over  the  central  part  of  the  gland  and 
those  from  the  areola  and  nipple.  Its  efferents  are  collected  into  two  trunks  which 
pass  to  the  pectoral  group  of  axillary  glands.  The  vessels  which  drain  the  medial 
part  of  the  mamma  pierce  the  thoracic  wall  and  end  in  the  sternal  glands,  while 
a  vessel  has  occasionally  been  seen  to  emerge  from  the  upper  part  of  the  mamma 
and,  piercing  the  Pectoralis  major,  terminate  in  the  subclavicular  glands  (Fig.  662). 

The  deep  Ijrmphatic  vessels  of  the  thoracic  wall  consist  of: 

1.  The  lymphatics  of  the  muscles  which  lie  on  the  ribs:  most  of  these  end  in 
the  axillary  glands,  but  some  from  the  Pectoralis  major  pass  to  the  sternal  glands. 
2.  The  intercostal  vessels  which  drain  the  Intercostales  and  parietal  pleura.  Those 
draining  the  Intercostales  externi  run  backward  and,  after  receiving  the  vessels 
which  accompany  the  posterior  branches  of  the  intercostal  arteries,  end  in  the 
intercostal  glands.  Those  of  the  Intercostales  interni  and  parietal  pleura  consist 
of  a  single  trunk  in  each  space.  These  trunks  run  forward  in  the  subpleural  tissue 
and  the  upper  six  open  separately  into  the  sternal  glands  or  into  the  vessels  which 
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unite  them;  those  of  the  lower  spaces  unite  to  form  a  single  trunk  which  terminates 
in  the  lowest  of  the  sternal  glands.  3.  The  lymphatic  vessels  of  the  Diaphragma, 
which  form  two  plexuses,  one  on  its  thoracic  and  another  on  its  abdominal  surface. 
These  plexuses  anastomose  freely  with  each  other,  and  are  best  marked  on  the 
parts  covered  respectively  by  the  pleuree  and  peritoneum.  That  on  the  thoracic 
surface  communicates  wuth  the  lymphatics  of  the  costal  and  mediastinal  parts  of 
the  pleura,  and  its  eff  erents  consist  of  three  groups :  (a)  anterior,  passing  to  the  gland 
which  lie  near  the  junction  of  the  seventh  rib  with  its  cartilage;  (6)  middle,  to  the 
glands  on  the  oesophagus  and  to  those  around  the  termination  of  the  inferior  vena 
cava;  and  (c)  posterior,  to  the  glands  which  surround  the  aorta  at  the  point  where 
this  vessel  leaves  the  thoracic  cavity. 

The  plexus  on  the  abdominal  surface  is  composed  of  fine  vessels,  and  anasto- 
moses with  the  lymphatics  of  the  liver  and,  at  the  periphery  of  the  Diaphragma, 
with  those  of  the  subperitoneal  tissue.  The  efferents  from  the  right  half  of  this 
plexus  terminate  partly  in  a  group  of  glands  on  the  trunk  of  the  corresponding 
inferior  phrenic  artery,  while  others  end  in  the  right  lateral  aortic  glands.  Those 
from  the  left  half  of  the  plexus  pass  to  the  pre-  and  lateral  aortic  glands  and  to  the 
glands  on  the  terminal  portion  of  the  oesophagus. 

The  visceral  Ijrmph  glands  consist  of  three  groups,  viz.:  anterior  mediastinal, 
posterior  mediastinal,  and  tracheobronchial. 

The  Anterior  Mediastinal  Glands  {lymphoglandulae  mediastinahs  anteriores)  are 
placed  in  the  anterior  part  of  the  superior  mediastinal  cavity,  in  front  of  the  aortic 
arch  and  in  relation  to  the  innominate  veins  and  the  large  arterial  trunks  which 
arise  from  the  aortic  arch.  They  receive  afferents  from  the  thymus  and  pericar- 
dium, and  from  the  sternal  glands;  their  efferents  unite  with  those  of  the  tracheo- 
bronchial glands,  to  form  the  right  and  left  bronchomediastinal  trunks. 

The  Posterior  Mediastinal  Glands  {lymphoglandulae  mediastinales  posteriores) 
lie  behind  the  pericardium  in  relation  to  the  oesophagus  and  descending  thoracic 
aorta.  Their  afferents  are  derived  from  the  oesophagus,  the  posterior  part  of  the 
pericardium,  the  Diaphragma,  and  the  convex  surface  of  the  liver.  Their  efferents 
mostly  end  in  the  thoracic  duct,  but  some  join  the  tracheobronchial  glands. 

The  Tracheobronchial  Glands  (Fig.  676)  form  four  main  groups:  (a)  tracheal, 
on  either  side  of  the  trachea;  (b)  bronchial,  in  the  angles  betw^een  the  lower  part 
of  the  trachea  and  bronchi  and  in  the  angle  between  the  two  bronchi;  (c)  broncho- 
pulmonary, in  the  hilus  of  each  lung;  and  (d)  pulmonary,  in  the  lung  substance,  on 
the  larger  branches  of  the  bronchi.  The  afferents  of  the  tracheobronchial  glands 
drain  the  lungs  and  bronchi,  the  thoracic  part  of  the  trachea  and  the  heart;  some 
of  the  efferents  of  the  posterior  mediastinal  glands  also  end  in  this  group.  Their 
efferent  vessels  ascend  upon  the  trachea  and  unite  with  efferents  of  the  internal 
mammary  and  anterior  mediastinal  glands  to  form  the  right  and  left  broncho- 
mediastinal tninks.  The  right  bronchomediastinal  trunk  may  join  the  right 
lymphatic  duct,  and  the  left  the  thoracic  duct,  but  more  frequently  they  open 
independently  of  these  ducts  into  the  junction  of  the  internal  jugular  and 
subclavian  veins  of  their  own  side. 

Applied  Anatomy. — In  all  town  dwellers  there  are  continually  being  swept  into  these  glands 
from  the  bronchi  and  alveoli  large  quantities  of  the  dust  and  black  carbonaceous  pigment  that 
are  so  freely  inhaled  in  cities.  At  first  the  glands  are  moderately  enlarged,  firm,  inky  black,  and 
gritty  on  section;  later  they  enlarge  still  further,  often  becoming  fibrous  from  the  irritation  set 
up  by  the  minute  foreign  bodies  with  which  they  are  crammed,  and  may  break  down  into  a  soft 
slimy  mass  or  may  calcify.  In  tuberculosis  of  the  lungs  these  glandis  are  practically  always 
infected ;  they  enlarge,  being  filled  with  tuberculous  deposits  that  may  soften,  or  become  fibrous, 
or  calcify.  Not  infrequently  an  enlarged  tuberculous  gland  perforates  into  a  bronchus,  discharg- 
ing its  contents  into  the  tube.  When  this  happens  there  is  great  danger  of  acute  pulmonary 
tuberculosis,  the  infecting  gland  substance  being  rapidly  spread  throughout  the  bronchial  system 
by  the  coughing  its  presence  in  the  air  passages  excites. 
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The  lymphatic  vessels  of  the  thoracic  viscera  comprise  those  of  the  heart  and 
pericardium,  Inngs  and  pleura,  thymos,  and  cesopbaKUS. 

The  Lymphatic  Teaaela  ol  the  Heart  consist  of  two  plexuses:  (a)  deep,  immediately 
under  the  endocardium;  and  (b)  superficia!,  subjacent  to  the  visceral  pericardium. 
The  deep  plexus  opens  into  the  superficial,  the  efferents  of  which  form  right  and 
left  collecting  trunks.  The  lelt  trnnka,  two  or  three  in  number,  ascend  in  the  anterior 
longitudinal  sulcus,  receiving,  in  their  course,  vessels  from  both  ventricles.  On 
reaching  the  coronary  sulcus  they  arejoined  by  a  large  trunk  from  the  diaphragmatic 
surface  of  the  heart,  and  then  unite  to  form  a  single  vessel  which  ascends  between 
the  pulmonary  artery  and  the  left  atrium  and  ends  in  one  of  the  tracheobronchial 


PlQ.  676.— Tbe  CruhRibrDiichiHl  lymph  ftland*.     (Prom  ■  figure  dcsignsd  by  M,  HbIL«.) 

glands.  The  right  tnmk  receives  its  afl'erents  from  the  right  atrium  and  from  the 
right  border  and  diaphragmatic  surface  of  the  right  ventricle.  It  ascends  in  the 
posterior  longitudinal  sulcus  and  then  runs  forward  in  the  coronarj-  sulcus,  and 
passes  up  behind  the  pulmonary  artery,  to  erqil  in  one  of  the  tracheobronchial 
glands. 

The  Lymphatic  Vessels  of  the  Lungs  originatejlli  two  plexuses,  a  superficial  and  a 
deep.  The  superficial  plexus  is  placed  beneath  the  pulmonary  pleura.  The  deep 
accompanies  the  branches  of  the  pulmonary  vessels  and  the  ramifications  of  the 
bronchi.  In  the  case  of  the  larger  bronchi  the  deep  plexus  consists  of  two  net-works 
— one,  submucous,  beneath  the  mucous  membrane,  and  another,  peribronchial, 
outside  the  walls  of  the  bronchi.  In  the  smaller  bronchi  there  is  but  a  single  plexus, 
which  extends  as  far  as  the  bronchioles,  but  fails  to  reach  the  alveoli,  in  the  walls 
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of  which  there  are  no  traces  of  lymphatic  vessels.  The  superficial  efferents  turn 
around  the  borders  of  the  lungs  and  the  margins  of  their  fissures,  and  converge  to 
end  in  some  glands  situated  at  the  hilus;  the  deep  eflFerents  are  conducted  to  the 
hilus  along  the  pulmonary  vessels  and  bronchi,  and  end  in  the  tracheobronchial 
glands.  Little  or  no  anastomosis  occurs  between  the  superficial  and  deep  lymph- 
atics of  the  lungs,  except  in  the  region  of  the  hilus. 

The  Lymphatic  Vessels  of  the  Pleura  consist  of  two  sets — one  in  the  visceral 
and  another  in  the  parietal  part  of  the  membrane.  Those  of  the  visceral  pleura 
drain  into  the  superficial  eflFerents  of  the  lung,  while  the  lymphatics  of  the  parietal 
pleura  have  three  modes  of  ending,  viz. :  (a)  those  of  the  costal  portion  join  the 
lymphatics  of  the  Intercostales  interni  and  so  reach  the  sternal  glands;  (b)  those 
of  the  diaphragmatic  part  are  drained  by  the  efferents  of  the  Diaphragma;  while 
(c)  those  of  the  mediastinal  portion  terminate  in  the  posterior  mediastinal  glands. 

The  Lymphatic  Vessels  of  the  Thymus  end  in  the  anterior  mediastinal,  tracheo- 
bronchial, and  sternal  glands. 

The  Lymphatic  Vessels  of  the  (Esophagus  form  a  plexus  around  that  tube,  and  the 
collecting  vessels  from  the  plexus  drain  into  the  posterior  mediastinal  glands. 


NEUROLOGY. 


T^HE  Nervous  System  is  the  most  complicated  and  highly  organized  of  the  various 
^  systems  which  make  up  the  human  body.  It  may  be  divided  into  two  parts, 
central  and  peripheral. 

The  central  nervous  system  consists  of  (a)  an  upper  expanded  portion,  the  enceph- 
alon  or  brain,  contained  within  the  cranium,  and  (b)  a  lower,  elongated,  nearly 
cylindrical  portion,  the  medulla  spinalis  or  spinal  cord,  lodged  in  the  vertebral 
canal;  the  two  portions  are  continuous  with  one  another  at  the  level  of  the  upper 
border  of  the  atlas  vertebra. 

The  peripheral  nervous  system  consists  of  a  series  of  nerves  by  which  the  central 
nervous  system  is  connected  with  the  various  tissues  of  the  body.  For  descriptive 
purposes  these  nerves  may  be  arranged  in  two  groups,  cerebrospinal  and  sympathetic, 
the  arrangement,  however,  being  an  arbitrary'  one,  since  the  two  groups  are  inti- 
mately connected  and  closely  intermingled.  The  cerebrospinal  nerves  are  forty- 
three  in  nimiber  on  either  side — twelve  cerebral,  attached  to  the  brain,  and  thtflj^- 
one  spinal,  to  the  medulla  spinalis.  They  are  associated  with  the  functions  of  the 
special  and  general  senses  and  with  the  voluntary  movements  of  the  body.  The 
sympathetic  nerves  transmit  the  impulses  which  regulate  the  movements  of  the 
viscera,  determine  the  calibre  of  the  bloodvessels,  and  control  the  phenomena  of 
secretion.  In  relation  with  them  are  two  rows  of  central  ganglia,  situated  one  on 
either  side  of  the  middle  line  in  front  of  the  vertebral  column;  these  ganglia  are 
intimately  connected  with  the  medulla  spinalis  and  the  spinal  nerves,  and  are  also 
joined  to  each  other  by  vertical  strands  of  nerve  fibres  so  as  to  constitute  a  pair 
of  knotted  cords,  the  sympathetic  trunks,  which  reach  from  the  base  of  the  skull 
to  the  coccyx.  The  sympathetic  nerves  issuing  from  the  ganglia  form  three  great 
prevertebral  plexuses  which  supply  the  thoracic,  abdominal,  and  pelvic  viscera; 
in  relation  to  the  walls  of  these  viscera  intricate  nerve  plexuses  and  numerous 
peripheral  ganglia  are  found. 

The  nervous  system  is  built  up  of  nervous  and  non-nervous  tissues — the  former 
consisting  of  nerve  cells  and  nerve  fibres;  the  latter,  of  neuroglia  and  bloodvessels, 
together  with  certain  enveloping  membranes. 

The  minute  structure  of  the  nervous  elements,  and  of  the  neuroglia,  has  been 
described  in  the  chapter  on  Histology  (pp.  69  to  76) ;  and  an  outline  of  the  devel- 
opment of  the  nervous  system  furnished  in  that  on  Embryology  (pp.  117  to  133). 
The  structure  of  the  individual  parts  of  the  brain  is  given  under  their  specific 
descriptions. 

Structure  of  the  Peripheral  Nerves  and  Ganglia. — ^The  cerebrospinal  nerves  consist  of  numerous 
nerve  fibres  collected  together  and  enclosed  in  membranous  sheaths  (Fig.  677).  A  small  bundle 
of  fibres,  enclosed  in  a  tubular  sheath,  is  called  a  f unieuluB ;  if  the  nerve  is  of  small  size,  it  may 
consist  only  of  a  single  funiculus;  but  if  large,  the  funiculi  are  collected  together  into  larger  bundles 
or  tasdenli,  which  are  bound  together  in  a  common  membranous  investment.  In  structure,  the 
common  membranous  investment,  or  sheath  of  the  whole  nerve  (epineurium),  as  well  as  the  septa 
given  ofif  from  it  to  separate  the  fasciculi,  consist  of  connective  tissue,  composed  of  white  and 
yellow  elastic  fibres,  the  latter  existing  in  great  abundance.  The  tubular  sheath  of  the  funiculi 
(perineurium)  is  a  fine,  smooth,  transparent  membrane,  which  may  be  easily  separated,  in  the 
form  of  a  tube,  from  the  fibres  it  encloses;  in  structure  it  is  made  up  of  connective  tissue,  which 
has  a  distinctly  lamellar  arrangement.    The  nerve  fibres  are  held  together  and  supported  within 
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the  fiiniculua  by  delicate  connective  tissue,  called  the  «iidoiiBaiiam.  It  is  continuous  with  septs 
which  pass  inward  from  the  innermost  layer  of  the  perineurium,  and  shows  a  ground  substance 
in  which  are  imbedded  fine  bundles  of  ^rous  connective  tissue  running  for  the  most  part 
longitudinally.  It  serves  to  support  capillary  vessels,  arranged  so  as  to  form  a  net-work  with 
elongated  meshes.  The  cerebrospinal  nerves  consist  almost  exclusively  of  medullated  nerve 
fibres,  only  a  very  small  proportion  of  non-medullated  being  present.- 

The  bloodvessels  supplying  a  nerve  end  in  a  minute  capillary  plexus,  the  vessels  composing 
which  pierce  the  perineurium,  and  nm,  for  the  most  part,  parallel  with  the  fibres;  they  are  coo- 
nected  together  by  short,  transverse  vessels,  forming  narrow,  oblong  meshee,  similar  to  the 
capillaiy  system  of  muscle.  Fine  non-medullated  nerve  fibres,  nsomotor  flbrM,  accompany  these 
Ct4>illary  vessels,  and  break  up  into  elementary  fibrils,  which  form  a  network  around  the  vessels. 
Horsley  has  demonstrated  certain  medullated  fibres  running  in  the  epineurium  and  terminating 
in  small  sphsroidal  tutila  eorpniclM  or  end  bulbs  of  Knuw.  These  nerve  fibres,  which  Marshall 
believes  to  be  sensory,  and  which  he  has  tei^ed  nerri  nerroram,  are  considered  by  him  to  have 
an  important  bearing  upon  certain  neuralgic  pains. 


Fia.  fl77.— Traruverae  BHtion  of  humaa  tibisl  oerve. 

The  nerve  fibres,  so  far  as  is  at  present  known,  do  not  coalesce,  but  pursue  an  uninterrupted 
course  from  the  centre  to  the  periphery.  In  separating  a  nerve,  however,  into  its  component 
funiculi,  it  may  be  seen  that  these  do  not  pursue  a  periectly  insulated  course,  but  occasionally 
join  at  a  very  acute  angle  with  other  funiculi  proceeding  in  the  same  direction;  from  this,  branches 
are  given  off,  to  join  again  in  like  manner  with  Othw  funiculi.  It  must  be  distinctly  understood, 
however,  that  in  these  communications  the  individual  nerve  fibres  do  not  coalesce,  but  merely 
pass  into  the  sheath  of  the  adjacent  nerve,  become  intermixed  with  its  nerve  fibres,  and  again 
pass  on  to  intermingle  with  the  nerve  fibres  in  some  adjoining  funiculus. 

Nerves,  in  their  course,  subdivide  into  branches,  and  these  frequently  communicate  with 
branches  of  a  neighboring  nerve.  The  communications  which  thus  take  place  form  what  is  called 
a  plflxni.  Sometimes  a  plexus  is  formed  by  the  primary  branches  of  the  trunks  of  the  nerves — 
as  the  cervical,  brachial,  lumbar,  and  sacral  plexuses — and  occasionally  by  the  terminal  funiculi, 
as  in  the  plexuses  fonued  at  the  periphery  of  the  body  In  the  formation  of  a  plexus,  the  compo- 
nent  nerves  divide,  then  join,  and  again  subdivide  in  such  a  complex  manner  that  the  individual 
funiculi  become  interlaced  most  intricately;  so  that  each  branch  leaving  a  plexus  may  contain 
filaments  from  all  the  primary  nervous  trimks  which  form  the  plexus.  In  the  formation  also  of 
smaller  plexuses  at  the  periphery  of  the  body  there  is  a  free  interchange  of  the  funiculi  and 
primitive  fibres.    In  each  case,  however,  the  individual  fibres  remain  separate  and  distinct. 

It  is  probable  that  through  this  interchange  of  fibres,  every  branch  passing  off  from  a  plexus 
has  a  more  extensive  connection  with  the  spinal  cord  than  if  it  had  proceeded  to  its  distribution 
without  forming  connections  with  other  nerves.  Consequently  the  parts  supplied  by  these  nerves 
have  more  extended  relations  with  the  nervous  centres;  by  this  means,  also,  groups  of  muscles 
may  be  associated  for  combined  action. 
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The  Hymiiathetic  nerves  are  constructed  in  the  same  manner  as  the  cerebrospinal  nerves,  but 
consist  mainly  of  non-medullated  fibres,  collected  in  funiculi  and  enclosed  in  sheaths  of  connective 
tissue.  There  is,  however,  in  these  nerves  a  certain  admixture  of  medullated  fibres.  The  number 
of  the  latter  varies  in  different  nerves,  and  may  be  estimated  by  the  color  of  the  nerve.  Those 
branches  of  the  sympathetic  which  present  a  well-marked  gray  color  are  composed  chiefly  of 
non-meduUated  nerve  fibres,  intermixed  with  a  few  medullated  fibres;  while  those  of  a  white 
color  contain  many  of  the  latter  fibres,  and  few  of  the  former. 

The  cerebrospinal  and  S3anpathetic  nerve  fibres  convey  various  impressions.  The  sensory 
nerves,  called  also  centripetal  or  afferent  nerves,  transmit  to  the  nervous  centres  impressions 
made  upon  the  peripheral  extremities  of  the  nerves,  and  in  this  way  the  mind,  through  the  medium 
of  the  brain,  becomes  conscious  of  external  objects.  The  centrifugal  or  efferent  nerves  transmit 
impressions  from  the  nervous  centres  to  the  parts  to  which  the  nerves  are  distributed,  these 
impressions  either  exciting  muscular  contraction,  or  influencing  the  processes  of  nutrition,  growth, 
and  secretion. 

Origins  and  Terminations  of  Nerves. — By  the  expression  'Hhe  terminations  of  nerve  fibres" 
is  signified  their  connections  with  the  nerve  centres  and  with  the  parts  they  supply.  The  former 
are  sometimes  called  their  origlDS  or  central  terminations;  the  latter  their  periikheral  terminations. 

Origins  of  Nerves.— The  origin  in  some  cases  is  single — that  is  to  say,  the  whole  nerve  emerges 
from  the  nervous  centre  by  a  single  root;  in  other  instances  the  nerve  arises  by  two  or  more  roots 
which  come  off  from  different  parts  of  the  nerve  centre,  sometimes  widely  apart  from  each  other, 
and  it  often  happens,  when  a  nerve  arises  in  this  way  by  two  roots,  that  the  functions  of  these 
two  roots  are  different;  as,  for  example,  in  the  spinal  nerves,  each  of  which  arises  by  two  roots, 
the  anterior  of  which  is  motor,  and  the  posterior  sensory.  The  point  where  the  nerve  root  or 
roots  emerge  from  the  surface  of  the  nervous  centre  is  named  the  snperfldal  or  apparent  origin, 
but  the  fibres  of  the  nerve  can  be  traced  for  a  certain  distance  into  the  substance  of  the  nervous 
centre  to  some  portion  of  the  gray  matter,  which  constitutes  the  deep  or  real  origin  of  the  nerve. 
The  centrifugal  or  efferent  nerve  fibres  originate  in  the  nerve  cells  of  the  gray  substance,  the 
axis-cylinder  processes  of  these  cells  being  prolonged  to  form  the  fibres.  In  the  case  of  the  centrip- 
etal or  afferent  nerves  the  fibres  grow  inward  either  from  nerve  cells  in  the  organs  of  special 
sense,  e.  g,,  the  retina,  or  from  nerve  cells  in  the  ganglia.  Having  entered  the  nerve  centre  they 
branch  and  send  their  ultimate  twigs  among  the  cells,  without,  however,  uniting  with  them. 

Peripheral  Terminations  of  Nerves. — Nerve  fibres  terminate  peripherally  in  various  ways, 
and  these  may  be  conveniently  studied  in  the  sensory  and  motor  nerves  respectively.  The 
terminations  of  the  sensory  nerves  are  dealt  with  in  the  section  on  Sense  Organs. 

Motor  nerves  can  be  traced  into  either  unstriped  or  striped  muscular  fibres.  In  the  unstriped 
or  involurUary  musdes  the  nerves  are  derived  from  the  S3anpathetic,  and  are  composed  mainly 
of  non-medullated  fibres.  Near  their  terminations  they  divide  into  numerous  branches,  which 
communicate  and. form  intimate  plexuses.  At  the  junctions  of  the  branches  small  triangular 
nuclear  bodies  (ganglion  c^)  are  situated.  From  these  plexuses  minute  branches  are  given  off 
which  divide  and  break  up  into  the  ultimate  fibrilke  of  which  the  nerves  are  composed.  These 
fibrillse  course  between  the  involuntary  muscle  cells,  and,  according  to  EUscher,  terminate  on 
the  surfaces  of  the  cells,  opposite  the  nuclei,  in  minute  swellings. 

In  the  striped  or  voluntary  muacley  the  nerves  suppl3ring  the  muscular  fibres  are  derived  from 
the  cerebrospinal  nerves,  and  are  composed  mainly  of  medullated  fibres.  The  nerve,  after  enter- 
ing the  sheath  of  the  muscle,  breaks  up  into  fibres  or  bundles  of  fibres,  which  form  plexuses, 
and  gradually  divide  until,  as  a  rule,  a  single  nerve  fibre  enters  a  single  muscular  fibre.  Some- 
times, however,  if  the  muscular  fibre  be  long,  more  than  one  nerve  fibre  enters  it.  Within  the 
muscular  fibre  the  nerve  terminates  in  a  special  expansion,  called  by  KUhne,  who  first  accurately 
described  it,  a  motor  end  plate  (Fig.  678).  The  nerve  fibre,  on  approaching  the  muscular  fibre, 
suddenly  loses  its  medullary  sheath,  the  neurolenuna  becomes  continuous  with  the  sarcolemma 
of  the  muscle,  and  only  the  axis-cylinder  enters  the  muscular  fibre.  There  it  at  once  spreads 
out,  ramifying  like  the  roots  of  a  tree,  immediately  beneath  the  sarcolemma,'  and  becomes 
imbedded  in  a  layer  of  granular  matter,  containing  a  number  of  clear,  oblong  nuclei,  the  whole 
constituting  an  end-plate  from  which  the  contractile  wave  of  the  muscular  fibre  is  said  to  start. 

Ganglia  are  small  aggregations  of  nerve  cells.  They  are  found  on  the  posterior  roots  of  the 
spinal  nerves;  on  the  sensory  roots  of  the  trigeminal,  facial,  glossophar3mgeal,  and  vagus  nerves, 
and  on  the  acoustic  nerves.  They  are  also  found  in  connection  w^ith  the  sympathetic  nerves. 
On  section  they  are  seen  to  consist  of  a  reddish-gray  substance,  traversed  by  numerous  white 
nerve  fibres;  they  vary  considerably  in  form  and  size;  the  largest  are  found  in  the  cavity  of  the 
abdomen;  the  smallest,  not  visible  to  the  naked  eye,  exist  in  considerable  numbers  upon  the 
nerves  diistributed  to  the  different  viscera.  Each  ganglion  is  invested  by  a  smooth  and  firm, 
closely  adhering,  membranous  envelope,  consisting  of  dense  areolar  tissue;  this  sheath  is  con- 
tinuous with  the  perineurium  of  the  nerves,  and  sends  numerous  processes  into  the  interior  to 
support  the  bloodvessels  supplying  the  substance  of  the  ganglion. 

In  structure  all  ganglia  are  essentially  similar,  consisting  of  the  same  structural  elements — 
viz.,  nerve  cells  and  nerve  fibres.    Each  nerve  cell  has  a  nucleated  sheath  which  is  continuous 
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njth  the  neurolemma  of  the  nerve  fibre  with  which  the  cell  ia  cotuiected.  The  n^-ve  cells  in  the 
ganglia  of  the  spinal  nerves  (Fig.  679)  are  pyriform  in  shape,  and  have  each  a  single  proceas. 
A  short  distance  from  the  cell  and  while  still  within  the  ganglion  this  process  divides  in  a  T-shaped 
manner,  one  limb  of  the  crose-bar  turauig  into  the  medulla  apinalia,  the  other  limb  paaaing  out- 
ward to  the  periphery.  In  the  sympathetic  ganglia  (Fig.  680)  the  nerve  cells  are  multipolar 
and  each  has  one  axis-cylinder  process  and  several  dendrons;  the  axon  emerges  from  the  ganglioD 
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as  a  non-medullated  nerve  fibre.  Similar  cells  are  found  in  the  ganglia  connected  with  the  tri- 
geminal nerve,  and  these  ganglia  are  therefore  regarded  as  the  cerebral  portions  of  the  "autonomic" 
system.  The  autonomic  nervous  system  includes  those  portions  of  the  nervous  mechanism  in 
which  a  medullated  nerve  fibre  from  the  central  system  passes  to  a  ganglion,  sympathetic  or 
peripheral,  from  which  fibres,  usually  non-medullated,  are  distributed  to  such  structures,  e.  g., 
bloodveesela,  as  are  not  under  voluntary  control.  The  spinal  and  sympathetic  ganglia  differ 
somewhat  in  the  size  and  diapoeition  of  the  cells  and  in  the  number  of  nerve  fibres  entering  and 
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leaving  them.  In  the  spinal  ganglia  (Fig.  679)  the  nen'e  cells  are  much  larger  and  for  the  most 
part  collected  in  groups  near  the  periphery,  while  the  fibres,  which  are  mostly  medullated,  traveree 
the  central  portion  of  the  ganglion;  whereas  in  the  sympathetic  ganglia  (Fig.  680)  the  cells  are 
smaller  and  distributed  in  irregulm'  groups  throughout  the  whole  ganglion;  the  fibres  also  are 
irregulary  scattered;  some  of  the  entering  ones  are  medullated,  while  many  of  those  leaving  the 
ganglion  are  non-medullated. 
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Hmiron  TlieraT. — The  nerve  cell  and  its  proceaaes  collectively  constitute  what  is  termed  a 
naUTOn,  and  Waldeyer  formulated  the  theory  that  the  nervous  system  ia  built  up  of  numerous 
neurons,  "anatomically  and  genetically  independent 
of  one  another."  According  to  this  theory  (neuron 
thtory)  the  proceesee  of  one  neuron  only  come  into 
contact,  and  are  never  in  direct  continuity,  with 
those  of  other  neurons ;  while  impulses  are  transmitted 
from  one  nerve  cell  to  another  through  these  points 
of  contact.  This  theory  is  based  on  the  following 
facts,  viz.;  (1)  embryonic  nerve  cells  or  neuroblasts 
are  entirely  distinct  from  one  another;  (2)  when 
nervous  tissues  are  stained  by  the  Golgi  method  no 
continuity  b  seen  even  between  neighboring  neurons; 
and  (3)  when  degenerative  changes  occur  in  nervous 
tissue,  either  as  the  result  of  disease  or  experiment, 
they  never  spread  from  one  neuron  to  another,  but 
are  limited  to  the  individual  neurons,  or  groups  of 
as,  primarily  affected.    It  must,  however,  be 
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added  that  within  the  pa^t  few  years  the  vahdity  of  the  neuron  theory  has  been  called  in 
question  by  certain  eminent  histologists,  who  maintain  that  by  the  employment  of  more  deli- 
cate histological  methods,  minute  fibrils  can  be  followed  from  one  nerve  cell  into  another. 

THE  MEDULU  8FIHAU8  OB  SPINAL  CORD. 

DiUMtion. — To  dissect  the  medulla  spinalis  and  its  membranes  it  wtU  be  necessary  to  lay 
open  the  whole  length  of  the  vertdsral  canal.  For  this  purpose  the  musclRs  must  be  separated 
from  the  vertebral  grooves,  so  as  to  expose  the  spinous  processes  and  lamime  of  the  vertebne; 
and  the  latter  must  be  sawn  through  on  each  side,  close  to  the  roots  of  the  transverse  processes, 
from  the  third  or  fourth  cervical  vertebra  above  to  the  sacrum  below.  The  vertebral  arches 
having  been  displaced  by  means  of  a  chisel  and  the  separate  fragment*  removed,  the  dura  will 
be  exposed,  covered  by  a  plexus  of  veins  and  a  quantity  of  loose  areolar  tissue,  often  infiltrated 
with  serous  fluid.  The  arches  of  the  upper  vertebne  axe  best  divided  by  means  of  a  strong  pair 
of  cutting  bone  forceps  or  by  a  rachttome. 

The  medulla  spinalis  or  spinal  cord  forms  the  elongated,  nearly  cylindiical,  part 
of  the  central  nerv-ous  system  which  occupies  the  upper  two-thirds  of  the  vertebral 
canal.  Its  average  length  in  the  male  is  about  45  cm.,  in  the  female  from  42  to  43 
cm.,  while  its  weight  amounts  to  about  30  gms.  It  extends  from  the  level  of  the 
upper  border  of  the  atlas  to  that  of  the  lower  border  of  the  first,  or  upper  border 
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of  the  second,  lumbar  vertebra.  Above,  it  is  continuous  with  the  brain;  below,  it 
,  ends  in  a  conical  extremity,  the  eonus  medullaris,  from  the  apex  of  which  a  delicate 
filament,  the  filmn  terminale,  descends  as  far  as  the  first  segment  of  the  coccyx 
(Fig.  681).  ^ 

The  position  of  the  medulla  spinalis  varies  with  the  movements  of  the  vertebral 
column,  its  lower  extremity  being  drawn  slightly  upward  when  the  column  is 
flexed.  It  also  varies  at  different  periods  of  life;  up  to  the  third  month  of  fetal 
life  the  medulla  spinalis  is  as  long  as  the  vertebral  canal,  but  from  this  stage  onward 
the  vertebral  column  elongates  more  rapidly  than  the  medulla  spinalis,  so  that  by 
the  end  of  the  fifth  month  the  medulla  spinalis  terminates  at  the  base  of  the  sacrum, 
and  at  birth  about  the  third  lumbar  vertebra. 

The  medulla  spinalis  does  not  fill  the  part  of  the  vertebral  canal  in  which.it  lies; 
it  is  ensheathed  by  three  protective  membranes,  separated  from  each  other  by  two 
concentric  spaces.  The  three  membranes  are  named  from  without  inward,  the 
dura  mater,  the  arachnoid,  and  the  pia  mater.  The  dura  mater  is  a  strong,  fibrous 
membrane  which  formsawide,  tubular  sheath;  this  sheath  extends  below  the  ter- 
mination of  the  medulla  spinalis  and  ends  in  a  pointed  cul-de-sac  at  the  level  of  the 
lower  border  of  the  second  sacral  vertebra.  The  dura  mater  is  separated  from  the 
wall  of  the  vertebral  canal  by  the  epidural  cayity,  which  contains  a  quantity  of  loose 
areolar  tissue  and  a  plexus  of  veins;  between  the  dura  mater  and  the  subjacent 
arachnoid  is  a  capillary  interval,  the  subdural  cavity,  which  contains  a  small  quan- 
tity of  fluid,  probably  of  the  nature  of  lymph.  The  arachnoid  is  a  thin,  transparent 
sheath,  separated  from  the  pia  mater  by  a  comparatively  wide  interval,  the  sub- 
arachnoid cavity,  which  is  filled  with  cerebrospinal  fluid.  The  pia  mater  closely 
invests  the  medulla  spinalis  and  sends  delicate  septa  into  its  substance;  a  narrow 
band,  the  ligamentum  denticulatum,  extends  along  each  of  its  lateral  surfaces 
and  is  attached  by  a  series  of  pointed  processes  to  the  inner  surface  of  the  dura 
mater. 

Thirty-one  pairs  of  spinal  nerves  spring  from  the  medulla  spinalis,  each  nerve 
having  an  anterior  or  ventral,  and  a  posterior  or  dorsal  root,  the  latter  being  dis- 
tinguished by  the  presence  of  an  oval  swelling,  the  spinal  ganglion,  which  contains 
numerous  nerve  cells.  Each  root  consists  of  several  bundles  of  nerve  fibres,  and 
at  its  attachment  extends  for  some  distance  along  the  side  of  the  medulla  spinalis. 
The  pairs  of  spinal  nerves  are  grouped  as  follows:  cervical  8,  thoracic  12,  lumbar 
5,  sacral  5,  coccygeal  1,  and,  for  convenience  of  description,  the  medulla  spinalis 
is  divided  into  cervical,  thoracic,  lumbar  and  sacral  regions,  corresponding  w^ith 
the  attachments  of  the  different  groups  of  nerves. 

Although  no  trace  of  transverse  segmentation  is  visible  on  the  surface  of  the 
medulla  spinalis,  it  is  convenient  to  regard  it  as  being  built  up  of  a  series  of  super- 
imposed spinal  segments  or  neuromeres,  each  of  which  has  a  length  equivalent 
to  the  extent  of  attachment  of  a  pair  of  spinal  nerves.  Since  the  extent  of  attach- 
ment of  the  successive  pairs  of  nerves  varies  in  different  parts,  it  follows  that  the 
spinal  segments  are  of  varying  lengths;  thus,  in  the  cervical  region  they  average 
about  13  mm.,  in  the  mid-thoracic  region  about  26  mm.,  while  in  the  lumbar  and 
sacral  regions  they  diminish  rapidly  from  about  15  mm.  at  the  lerel  of  the  first  pair 
of  lumbar  nerves  to  about  4  mm.  opposite  the  attachments  of  the  lower  sacral 
nerves. 

As  a  consequence  of  the  relative  inequality  in  the  rates  of  growth  of  the  medulla 
spinalis  and  vertebral  column,  the  nerve  roots,  which  in  the  early  embryo  passed 
transversely  outward  to  reach  their  respective  intervertebral  foramina,  become 
more  and  more  oblique  in  direction  from  above  downward,  so  that  the  lumbar 
and  sacral  nerves  descend  almost  vertically  to  reach  their  points  of  exit.  From  the 
appearance  these  nerves  present  at  their  attachment  to  the  medulla  spinalis  and 
from  their  great  length  they  are  collectively  termed  the  cauda  equina  (Fig.  682). 
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The  filmn  terminale  is  a  delicate  filament,  about  20  em.  in  length,  prolonged 
downward  from  the  apex  of  the  conus  medullaris.  It  consists  of  two  parts,  an  upper 
and  a  lower/  The  upper  part,  or  filum 
tenninale  internum,  measures  about  15 
cm.  in  length  and  reaches  as  far  as  the 
lower  border  of  the  second  sacral  verte- 
bra. It  is  contained  within  the  tubular 
sheath  of  dura  mater,  and  is  surrounded 
by  the  nerves  forming  the  cauda  equina, 
from  which  it  can  be  readily  recognized 
by  its  bluish-white  color.  The  lower 
part,  or  filmn  terminale  externum,  is 
closely  invested  by,  and  is  adherent  to, 
the  dura  mater;  it  extends  downward 
from  the  apex  of  the  tubular  sheath 


Dectissation  of 
the  pyramids 


Anterior  median 
fissure 


Dura  mater 


Conus  medvUaris 


Posterior  tterverooto 


Filum  ierminaU 


Fig.  682. — Cauda  equina  and  filum  terminale  seen 
from  behind.  The  dura  mater  has  been  opened  and 
wpneA  out,  and  the  arachnoid  has  been  removed. 
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Fig.  683. — Diagrams  of  the  medulla  spinalis. 
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and  IS  attached  to  the  back  of  the  first  segment  of  the  coccyx.  -The  filum  ter- 
minale  consists  mainly  of  fibrous  tissue,  continuous  above  with  that  of  the  pia 
mater.  Adhering  to  its  outer"  surface,  however,  are  a  few  strands  of  nerve  fibres 
which  probably  represent  rudimentary  second  and  third  coccygeal  nerves;  further, 
the  central  canal  of  the  medulla  spinalis  extends  downward  into  it  for  5  or  6  cm. 

Enlargements V — ^The. medulla  spinalis  is  not  quite  cylindrical,  being  slightly 
flattened  from  before  backward;  it  also  presents  two  swellings  or  enlargements, 
an  upper  or  cervical,  and  a  lower  or  lumbar  (Fig.  68^ 

The  cervical  enlargement  is  the  more  pronounced,  and  corresponds  with  the  attach- 
ments of  the  large  nerves  which  supply  the  upper  limbs.  It  extends  from  about 
the  third  cervical  to  the  second"  thoracic  vertebra,  its  maximum  circumference 
(about  38  mm.)  being  on  a  level  with  the  attachment  of  the  sixth  pair  of  cervical 
nerves. 

The  lumbar  enlargement  gives  attachment  to  the  nerves  which  supply  the  lower 
limbs.  It  commences  about  the  level  of  the  ninth  thoracic  vertebra,  and  reaches 
its  maximum  circumference,  of  about  33  nmi.,  opposite  the  last  thoracic  vertebra, 
below  which  it  tapers  rapidly  into  the  conus  medullaris. 

Fissures  and  Sulci  (Fig.  684). — An  anterior  median  fissure  and  a  posterior 
median  sulcus  incompletely  divide  the  medulla  spinalis  into  two  symmetrical 
parts,  which  are  joined  across  the  middle  line  by  a  commissural  baud  of  ner\'ous 
matter. 

The  Anterior  Median  Fissure  (fissura  mediana  anterior)  has  an  average  depth  of 
about  3  mm.,  but  this  is  increased  in  the  lower  part  of  the  medulla  spinalis.  It 
contains  a  double  fold  of  pia  mater,  and  its  floor  is  formed  by  a  transverse  band 
of  white  substance,  the  anterior  white  commissure,  which  is  perforated  by  blood- 
vessels on  their  way  to  or  from  the  central  part  of  the  medulla  spinalis. 

The  Posterior  Median  Sulcus  (sulcus  medianus  posterior)  is  very  shallow;  from  it 
a  septum  of  neuroglia  reaches  rather  more  than  half-way  into  the  substance  of  the 
medulla  spinalis;  this  septum  varies  in  depth  from  4  to  6  nun.,  but  diminishes 
considerably  in  the  lower  part  of  the  medulla  spinalis. 

On  either  side  of  the  posterior  median  sulcus,  and  at  a  short  distance  from  it, 
the  posterior  nerve  roots  are  attached  along  a  vertical  furrow  named  the  postero- 
lateral sulcus.  The  portion  of  the  medulla  spinalis  which  lies  between  this  and  the 
posterior  median  sulcus  is  named  the  posterior  funiculus.  In  the  cervical  and  upper 
thoracic  regions  this  funiculus  presents  a  longitudinal  furrow,  the  postero-inter- 
mediate  sulcus;  this  marks  the  position  of  a  septum  which  extends  into  the  posterior 
funiculus  and  subdivides  it  into  two  fasciculi — a  medial,  named  the  fasciculus 
gracilis  {tract  of  GoH);  and  a  lateral,  the  fasciculus  cuneatus  (tra<i^  of  Burdock) 
(Fig.  690).  The  portion  of  the  medulla  spinalis  which  lies  in  front  of  the  postero- 
lateral sulcus  is  termed  the  antero-lateral  region.  The  anterior  nerve  roots,  unlike 
the  posterior,  are  not  attached  in  linear  series,  and  their  position  of  exit  is  not 
marked  by  a  sulcus.  They  arise  by  separate  bundles  which  spring  from  the  anterior 
column  of  gray  substance  and,  passing  forward  through  the  white  substance, 
emerge  over  an  area  of  some  slight  width.  The  most  lateral  of  these  bundles  is 
generally  taken  as  a  dividing  line  which  separates  the  antero-lateral  region  into 
two  parts,  viz.,  an  anterior  funiculus,  between  the  anterior  median  fissure  and  the 
most  lateral  of  the  anterior  nerve  roots;  and  a  lateral  funiculus,  between  the  exit 
of  these  roots  and  the  posterolateral  sulcus.  In  the  upper  part  of  the  cervical 
region  a  series  of  nerve  roots  passes  outward  through  the  lateral  funiculus  of  the 
medulla  spinalis;  these  unite  to  form  the  spinal  portion  of  the  accessory  nerve, 
which  runs  upward  and  enters  the  cranial  cavity  through  the  foramen  magnum. 

The  Internal  Structure  of  the  Medulla  SpiniJis. — On  examining  a  transverse 
section  of  the  medulla  spinalis  (Fig.  684)  it  is  seen  {o  consist  of  gray  and  white 
nervous  substance,  the  former  being  enclosed  within  the  latter. 
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Qr»y  Substance  {substantia  grisea  ceiUraiis). — ^The  gray  substance  consists  of 
two  symmetrical  portions,  one  in  each  half  of  the  medulla  spinalis:  these  are 
joined  across  the  middle  line  by  a  transverse  commissure  of  gray  substance,  through 
which  runs  a  minute  canal,  the  central  canal,  just  visible  to  the  naked  eye.  In  a 
transverse  section  each  half  of  the  gray  substance  is  shaped  like  a  comma  or 
crescent,  the  concavity  of  which  is  directed  laterally;  and  these,  together  with 
the  intervening  gray  commissure,  present  the  appearance  of  the  letter  H.  An 
imaginary  coronal  plane  through  the  central  canal  serves  to.  divide  each  crescent 
into  an  anterior  or  ventral,  and  a  posterior  or  dorsal  column. 

The  Anterior  Colnmn  {columna  anterior;  anterior  comu),  directed,  fonvard,  is 
broad  and  of  a  rounded  or  quadrangular  shape.  Its  posterior  part  is  termed  the 
base,  and  its  anterior  part  the  head,  but  these  are  not  differentiated  from  each  other 
by  any  well-defined  constriction.  It  is  separated  from  the  surface  of  the  medulla 
spinalis  by  a  layer  of  white  substance  which  is  traversed  by  the  bundles  of  the 
anterior  nerve  roots.  In  the  thoracic  region,  the  postero-lateral  part  of  the  anterior 
column  projects  lateralward  as  a  triangular  field,  which  is  named  the  lateral  colnmn 
-  (columna  lateralis;  lateral  comu). 

PotUrior  median  tvleus 


AnUrioraervc  roolt        Anltrior median fieaure 
Fia.  eS4.— Truuverec  Kction  oC  the  inedullB  BploHlia  in  the  mid-thondc  region. 

The  Posterior  Colonm  (colvmna  posterior;  posterior  corvu)  is  long  and  slender, 
and  is  directed  backward  and  lateralward :  it  reaches  almost  as  far  as  the  postero- 
lateral sulcus,  from  which  it  is  separated  by  a  thin  lajer  of  white  substance,  the 
tract  of  Lissauer.  It  consists  of  a  base,  directly  continuous  with  the  base  of  the 
anterior  horn,  and  a  neck  or  slightlj-  constricted  portion,  which  is  succeeded  by 
an  oval  or  fusiform  area,  termed  the  head,  of  which  the  apex  approaches  the  postero- 
lateral sulcus.  The  apex  is  capped  by  a  \'-shaped  or  crescentic  mass  of  trans- 
lucent, gelatinous  neuroglia,  termed  the  substantia  celatinosa  of  Rolando,  which 
contains  both  neuroglia  cells,  and  small  nerve  cells.  Between  the  anterior  and 
posterior  columns  the  gray  substance  extends  as  a  series  of  processes  into  the 
lateral  funiculus,  to  form  a  net-work  called  the  formatio  reticnlaris. 

The  quantity  of  gray  substance,  as  well  as  the  form  which  it  presents  on  trans- 
verse section,  varies  markedly  at  different  levels.  In  the  thoracic  region  it  is  small, 
not  only  in  amount  but  relatively  to  the  surrounding  white  substance.     In  the 
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cervical  and  lumbar  enlargements  it  is  greatly  increased :  in  the  latter,  and  especially 

in ''the  conus  medullaris,  its  proportion  to  the  white  substance  is  greatest  (Fig. 

685).    In  the  cervical  region  its  posterior  column  is 

comparatively  narrow,   while  its  anterior  is  broad 

and  expanded;  in  the  thoracic  region,  both  columns 

e  attenuated,  and  the  lateral  column  is  evident; 
in  the  lumbar  enlargement,  both  are  expanded;  while 
in  the  conus  medullaris  the  gray  substance  assumes 
the  form  of  two  oval  masses,  one  in  each  half  of  the 
cord,  connected  together  by  a  broad  gray  commissure. 

The  Central  Canal  {canalis  centralis)  runs  through- 
out the  entire  length  of  the  medulla  spinalis.  The 
portion  of  gray  substance  in  front  of  the  canal  is 
named  the  anterior  gray  commissure;  that  behind  it, 
the  posterior  gt»y  conmussure.  The  former  is  thin, 
and  is  in  contact  anterioriy  with  the  anterior  white 
commissure:  it  contains  a  couple  of  longitudinal 
veins,  one  on  either  side  of  the  middle  line.  The 
posterior  gray  commissure  reaches  from  the  central 
canal  to  the  posterior  median  septum,  and  is  thin- 
nest in  the  thoracic  region,  and  thickest  in  the  conus 
medullaris.  The  central  canal  is  continued  upward 
through  the  lower  part  of  the  medulla  oblongata,  and 
opens  into  the  fourth  ventricle  of  the  brain;  below, 
it  reaches  for  a  short  distance  into  the  Slum  termi- 
nale.  In  the  lower  part  of  the  conus  medullaris  it 
exhibits  a  fusiform  dilatation,  the  terminal  ventricle; 
this  has  a  vertical  measurement  of  from  8  to  10 
,  is  triangular  on  cross-section  with  its  base 
directed  forward,  and  tends  to  undergo  obliteration 
after  the  age  of  forty  years. 

Throughout  the  cervical  and  thoracic  regions  the 
central  canal  is  situated  in  the  anterior  third  of  the 
medulla  spinalis;  in  the  lumbar  enlargement  it  is 
near  the  middle,  and  in  the  conus  medullaris  it 
approaches  the  posterior  surface.  It  is  filled  with 
cerebrospinal  fluid,  and  lined  by  ciliated,  columnar 
epithelium,  outside  of  which  is  an  encircling  baud 
of  gelatinous  substance,  the  substantia  felatinosa 
centralis.  This  gelatinous  substance  consists  mainly 
of  neuroglia,  but  contains  a  few  nerve  cells  and 
fibres;  it  is  traversed  by  processes  from  the  deep  ends 
of  the  columnar  ciliated  cells  which  line  the  central 
canal  (Fig.  686). 

Structure  of  tiie  Oray  Substance. — The  gray  sub- 
stance consists  of  numerous  nerve  cells  and  nerve 
fibres  held  together  by  neuroglia.  Throughout  the 
greater  part  of  the  gray  substance  the  neuro^ia 
presents  the  appearance  of  a  sponge-like  net-work, 
but  around  the  central  canal  and  on  the  apices  of 
the  posterior  columns  it  consists  of  the  gelatinous 
substance  already  referred  to.  The  ner%'e  cells  are 
multipolar,  and  vary  greatlj'  in  size  and  shape.  They 
consist  of  (1)  motor  cells  of  large  size,  which  are 
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situated  in  the  anterior  horn,  and  are  especially  numerous  in  the  cervical  and 
lumbar  enlargements;  the  axons  of  most  of  these  cells  pass  out  to  form  the  anterior 
nerve  roots,  but  before  leaving  the  white  substance  they  frequently  give  off 
collaterals,  which  reenter  and  ramify  in  the  gray  substance.'    (2)  Cells  of  small 
or  medium  size,  whose  axons  pass  into  the  white  matter,  where  some  pursue  an 
ascending,  and  others  a  descending  course,  but  most  of  them  divide  in  a  T-shape 
maimer  into  descending  and  ascending  processes.    They  give  off  collaterals  which 
enter  and  ramify  in  the  gray  substance,  and  the  terminations  of  the  axons  behave 
in  a  similar  manner.    The  lengths  of  these  axons  vary  greatly:  some  are  short  and 
pass  only  between  adjoining  spinal  segments,  while  others  are  longer  and  connect 
more  distant  segments.  These  cells 
and  their  processes  constitute  a 
series  of   as80ciati<ai  or  interseg- 
mental neurons  (Fig.  687),  which 
link  together  the  different  parts  of 
the  medulla  spinalis.    The   axons 
of  most  of  these  cells  are  confined 
to  that  side  of  the  medulla  spinalis 
in  which  the  nerve  cells  are  situ- 
ated, but  some  cross  to  the  oppo- 
site side  through  the  anterior  com- 
missure,   and  are   termed  crossed 
commisstiral  fibres.    Some  of  these 
latter  end  directly  in  the  gray  sub- 
stance, while  others  enter  the  white 
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substance,  and  ascend  or  descend  in  it  for  varying  distances,  before  finally  termi- 
nating in  the  gray  substance.  (3)  Cells  of  the  type  II  of  Golgi,  limited  to  the 
posterior  column,  are  found  in  the  substantia  gelatinosa  of  Rolando;  their  axons 
are  short  and  entirely  confined  to  the  gray  substance,  in  which  they  break  up 
into  numerous  fine  filaments.  M«st  of  the  nerve  cells  are  arranged  in  longitu- 
dinal column,  and  appear  as  groups  on  transverse  section  (Figs.  688,  689), 

Nerre  Cells  in  the  ^terior  Column. — ^The  nerve  cells  in  the  anterior  column  are 
arranged  in  columns  of  varying  length.    The  longest  occupies  the  medial  part  of 
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the  anterior  column,  and  is  named  the  anteio-medial  column:  it  is  absent  only  in 
the  fifth  lumbar,  the  first  sacral  and  the  upper  part  of  the  second  sacral  segments 
(Bruce)  .*  Behind  it  is  a  dorso-medial  colimm  of  small  cells,  which  extends  from  tbe 
second  thoracic  to  the  first  lumbar  segment,  and  is  also  present  in  the  first,  sixth, 
and  seventh  cervical  segments. 


Fio.  ass.— Mode  of  dietribution  of  tbe  DErve  cells  in  tbe  grsy  >ub«Cui«.    (Schematin.)    <T«atut.)    1.  2.  MediiJ 

the  posterior  nerve  root.    7.  Colin  of  aubsUnlia  geUlinoea  centralis.    8,  8'.  Solitary  oelU,    9.  Cell*  of  Golff.    lO- 
Cellaof  oricinattheeuperficulBDtaro-lateralfBsoiFului.    1).  Anterior  root.    12.  Poglerjor  root.    13.  Spiul  fuftioii. 

In  the  cervical  and  lumbar  enlargements,  where  the  anterior  column  is  expanded 
in  a  lateral  direction,  the  following  additional  columns  are  present,  viz. :  (a)  antero- 
lateral, in  the  fourth,  fifth,  and  sixth  cervical  and  the  second  thoracic  segments, 
and  in  the  lower  four  lumbar  and  upper  two  sacral  segments;  (6)  postero-Utatsl, 
in  the  lower  five  cervical,  lower  four  lumbar,  and  upper  three  sacral  segments; 
(c)  post-postero-lateral,  in  the  last  cervical,  first  thoracic,  and  upper  three  sacral 
segments ;  and  {d)  a  central,  in  the  lower  four  lumbar  and  upper  two  sacral  segments. 
Throughout  the  base  of  the  anterior  column  are  scattered  solitary  cells,  the  axons 
of  some  of  which  form  crossed  commissural  fibres,  while  others  constitute  the  motor 
fibres  of  the  posterior  nerve  roots.    (See  footnote,  page  81 1 .) 

Nerve  Cells  in  the  Lateral  Colonm. — These  form  a  column  which  is  best  marked 
where  the  lateral  gray  column  is  diflferentiated,  viz.,  in  the  thoracic  region;*  but 
it  can  be  traced  throughout  the  entire  length  of  the  medulla  spinalis  in  the  form 
of  groups  of  small  cells  which  are  situated  in  the  anterior  part  of  the  formatio 
reticularis.  The  cells  of  this  column  are  fusiform  or  star-shaped,  and  of  a  medium 
size:  the  axons  of  some  of  them  pass  into  the  anterior  ner\-e  roots,  by  which  they 
are  carried  to  the  sympathetic  nerves;  while  the  axons  of  others  pass  into  the 
anterior  and  lateral  funiculi,  where  thc,\'  become  longitudinal. 

this  column  eiteadt  trom  tbe  middle  ol  Iha  «c^(l> 


THE  MEDULLA  SPINALIS  OR  SPINAL  CORD 


813 


Nenre  Cells  in  the  Posterior  Colnnm, — 1.  The  dorsal  nndeiu  {nucleus  dorsalis;  col- 
umn of  Clarke)  occupies  the  medial  part  of  the  base  of  the  posterior  column,  and 
appears  on  the  transverse  section  as  a  well-defined  oval  area.  It  be^ns  below 
at  the  level  of  the  second  or  third  lumbar  nerve,  and  reaches  its  maximum  size 
opposite  the  twelfth  thoracic  nerve. 
Above  the  level  of  the  ninth  thoracic 
ner\'e  its  size  diminishes,  and  the 
column  ends  opposite  the  last  cer- 
vical or  first  thoracic  nerve.  It  is 
represented,  however,  in  the  other 
regions  by  scattered  cells,  which 
become  aggregated  to  form  a  cer- 
Tical  micleiu  opposite  the  third 
cervical  nerve,  and  a  sacral  aoclens 
in  the  middle  and  lower  part  of 
the  sacral  region.  Its  cells  are  of 
medium  size,  and  of  an  oval  or 
pyriform  shape;  their  axons  pass 
into  the  peripheral  part  of  the 
lateral  funiculus  of  the  same  side, 
and  there  ascend,  under  the  name  of 
the  cerebellospinal  (direct  cerebellar) 
fascicnlos.  2.  The  nenre  cella  in  the 
substantia  felatinosa  of  Rolando  are 
arranged  in  three  zones:  a  posterior 
or  marginal,  of  large  angular  or  fusi- 
form cells;  an  intermediate,  of  small 
fusiform  cells;  and  an  anterior,  of 
star-shaped  cells.  The  axons  of 
these  ceils  pass  into  the  lateral  and 
posterior  funiculi,  and  there  assume 
a  vertical  course.  In  the  anterior 
zone  some  Golgi  cells  are  found 
whose  short  axons  ramify  in  the 
gray  substance.  3.  Solitary  cells 
of  varying  form  and  size  are  scat- 
tered throughout  the  posterior 
column.  Some  of  these  are  grouped 
to  Form  the  posterior  basal  colnnm 
in  the  base  of  the  posterior  column, 
lateral  to  the  dorsal  nucleus;  the 
posterior  basal  column  is  well- 
marked  in  the  gorilla  (Waideyer), 
but  is  ill-defined  in  man.  The  axons 
of  its  cells  pass  partly  to  the  fKJs- 
terior  and  lateral  funiculi  of  the 
same  side,  and  partly  through  the 
anterior  white  commissure  to  the 
lateral  funiculus  of  the  opposite  side. 
Before  leaving  the  gray  substance, 
a  considerable  number  run  longitu- 
dinally for  a  varying  distance  in  the 
head  of  the  posterior  column,  form- 
ing what  is  termed  the  l<mfitadinal 
tascicolos  of  the  posterior  column. 
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A  few  star-shaped  or  fusiform  nerve  cells  of  varjing  size  are  found  in  the  sub- 
stantia gelatinosa  centralis.  Their  axons  pass  into  the  lateral  funiculus  of  the 
same,  or  of  the  opposite  side. 

The  nerve  fibres  in  the  gray  substance  form  a  dense  interlacement  of  minute 
fibrils  among  the  nerve  cells.  This  interlacement  is  formed  partly  of  axons  whicb 
pass  from  the  cells  in  the  gray  substance  to  enter  the  white  funiculi  or  nerve  roots; 
partly  of  the  axons  of  Golgi's  cells  which  ramif;'  only  in  the  gray  .substance;  and 
partly  of  collaterals  from  the  nerve  fibres  in  the  white  funiculi  which,  as  already 
stated,  enter  the  gray  substance  and  ramify  within  it. 


White  Substance  (substantia  alba). — The  white  substance  of  the  medulla  spinalis 
consists  of  medullated  ner\'e  fibres  imbedded  in  a  sponge-like  net-work  of  neuroglia, 
and  is  arranged  in  three  funiculi:  anterior,  lateral,  and  posterior.  The  anterior 
funiculus  lies  between  the  anterior  median  fissure  and  the  most  lateral  of  the  ante- 
rior nerve  roots:  the  lateral  funiculus  between  these  nerve  roots  and  the  postero- 
lateral sulcus;  and  the  posterior  funiculus  between  the  postero-lateral  and  the  pos- 
terior median  sulci  (Fig,  690),  The  fibres  vary  greatly  in  thickness,  the  smallest 
being  found  in  the  fasciculus  gracilis,  the  tract  of  Llssaoer,  and  inner  part  of  the 
lateral  funiculus;  while  the  largest  are  situated  in  the  anterior  funiculus,  and  in  the 
peripheral  part  of  the  lateral  funiculus.  Some  of  the  nerve  fibres  assume  a  more 
or  less  transverse  direction,  as  for  example  those  which  cross  from  side  to  side 
in  the  anterior  white  commissure,  but  the  majority  pursue  a  longitudinal  course 
and  are  divisible  into  (1)  those  connecting  the  medulla  spinalis  with  the  brain  and 
conveying  impulses  to  or  from  the  latter,  and  (2)  those  which  are  confined  to  the 
medulla  spinalis  and  link  together  its  different  segments,  i.  e.,  intersegmental  or 
associatitm  fibres. 

Nerve  Fasciculi. — The  longitudinal  fibres  are  grouped  into  more  or  less  definite 
bundles  or  fasciculi.    These  are  not  recognizable  from  each  other  in  the  normal 
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state,  and  their  existence  has  been  determined  by  the  following  methods:  (1) 
A.  Waller  discovered  that  if  a  bundle  of  nerve  fibres  be  cut,  the  portions  of  the 
fibres  which  are  separated  from  their  cells  rapidly  degenerate  and  become  atrophied, 
while  the  cells  and  the  parts  of  the  fibres  connected  with  them  undergo  little  alter- 
ation.^ This  is  known  as  WaUerian  degeneration.  Similarly,  if  a  group  of  nerve 
cells  be  destroyed,  the  fibres  arising  from  them  undergo  degeneration.  Thus, 
if  the  motor  cells  of  the  cerebral  cortex  be  destroyed,  or  if  the  fibres  arising  from 
these  cells  be  severed,  a  descending  degeneration  from  the  seat  of  injury  takes 
place  in  the  fibres.  In  the  same  manner,  if  a  spinal  ganglion  be  destroyed,  or  the 
fibres  which  pass  from  it  into  the  medulla  spinalis  be  cut,  an  ascending  degenera- 
tion will  extend  along  these  fibres.  (2)  By  tracing  the  development  of  the  nervous 
system,  it  has  been  observed  that  at  first  the  nerve  fibres  are  merely  naked  axis- 
cylinders,  and  that  they  do  not  all  acquire  their  medullary  sheaths  at  the  same 
time;  hence  the  fibres  can  be  grouped  into  different  bundles  according  to  the  dates 
at  which  they  receive  their  medullary  sheaths.  (3)  Various  methods  of  staining 
nervous  tissue  are  of  great  value  in  tracing  the  course  and  mode  of  termination  of 
the  axis-cylinder  processes. 

Fasciculi  in  the  Anterior  Fanicnlns. — ^The  principal  fasciculus  is  the  anterior  cerebra- 
spinal  {fasciculus  cerebrospinalis  anterior;  direct  pyramidal  tract),  which  is  usually 
small,  but  varies  inversely  in  size  with  the  lateral  cerebrospinal  fasciculus.  It 
lies  close  to  the  anterior  median  fissure,  and  is  present  only  in  the  upper  part 
of  the  medulla  spinalis;  gradually  diminishing  in  size  as  it  descends,  it  ends  about 
the  middle  of  the  thoracic  region.  It  consists  of  descending  fibres  which  arise 
from  cells  in  the  motor  area  of  the  cerebral  hemisphere  of  the  same  side,  and 
which,  as  they  run  downward  in  the  medulla  spinalis,  cross  in  succession  through 
the  anterior  white  commissure  to  the  opposite  side,  where  they  end  by  arborizing 
around  the  motor  cells  in  the  anterior  column. 

In  addition  to  the  anterior  cerebrospinal  fasciculus  there  are  strands  of  fibres 
in  the  anterior  funiculus  connecting  certain  ganglia  in  the  brain  with  the  gray  sub- 
stance of  the  medulla  spinalis.  The  most  important  of  these  is  the  yestibulospinal, 
situated  chiefly  in  the  marginal  part  of  the  funiculus  and  mainly  derived  from  the 
cells  of  Deiters'  nucleus,  i.  e,,  the  chief  terminal  nucleus  of  the  vestibular  division 
of  the  acoustic  nerve.  Of  the  other  descending  fibres  some  pass  downward  from 
the  corpora  quadrigemina  (tectospinal)  and  others  are  continuous  with  the  medial 
longitudinal  fasciculus. 

The  remaining  fibres  of  the  anterior  funiculus  constitute  what  is  termed  the 
anterior  proper  fasciculus  (fasciculus  anterior  proprius;  anterior  basis  bundle).  It 
consists  of  (a)  longitudinal  intersegmental  fibres  which  arise  from  cells  in  the  gray 
substance,  more  especially  from  those  of  the  medial  group  of  the  anterior  column, 
and,  after  a  longer  or  shorter  course,  reenter  the  gray  substance;  (6)  fibres  which 
cross  in  the  anterior  white  commissure  from  the  gray  substance  of  the  opposite 
side;  (c)  fibres  arising  from  cells  of  the  cerebellum  and  extending  down  the 
medulla  spinalis  to  end  around  the  cells  of  the  anterior  column — these  fibres 
constitute  an  irregular  tract,  cerebellospinal  tract  of  Lowenthal,  disposed  in  the 
.  peripheral  portions  of  the  anterior  and  lateral  proper  fasciculi;  and  (d)  fibres  of 
the  anterior  nerve  roots,  which  run  obliquely  forward  to  reach  the  surface  of  the 
medulla  spinalis. 

Fasciculi  in  the  Lateral  Funiculus.  —  1.  Descending  Fasciculi.  —  (a)  The  lateral 
cerebrospinal  fasciculus  (fasciculus  cerebrospinalis  lateralis;  crossed  pyramidal 
tract)  extends  throughout  the  entire  length  of  the  medulla  spinalis,  and  on  trans- 
verse section  appears  as  an  oval  area  in  front  of  the  posterior  column  and  medial 

1  Somewhat  later  a  chani^e,  termed  chromaiolyai»,  takes  place  in  the  nerve  cells,  and  consists  of  a  breaking  down  and 
an  ultimate  disappearance  of  the  Nissl  bodies.    Further,  the  body  of  the  cell  is  swollen,  the  nucleus  displaced  toward 
the  periphery,  ana  the  part  of  the  axon  stiU  attached  to  the  altered  cell  is  diminished  in  size  and  somewhat  atrophied. 
Under  favorable  conditions  the  cell  is  capable  of  reassuming  its  normal  appearance,  and  its  axon  may  grow  again. 
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to  the  cerebellospinal.  Its  fibres  arise  from  cells  in  the  motor  area  of  the  cerebral 
hemisphere  of  the  opposite  side.  They  pass  downward  in  company  with  those 
of  the  anterior  cerebrospinal  fasciculus  through  the  same  side  of  the  brain  as  that 
from  which  they  originate,  but  they  cross  to  the  opposite  side  in  the  medulla  oblon- 
gata and  descend  in  the  lateral  funiculus  of  the  medulla  spinalis;  they  end  by 
arborizing  around  the  motor  cells  in  the  anterior  column.^ 

The  anterior  and  lateral  cerebrospinal  fasciculi  constitute  the  motor  fasciculi 
of  the  medulla  spinalis  and  have  their  origins  in  the  motor  cells  of  the  cerebral 
cortex.  They  descend  through  the  internal  capsule  of  the  cerebrum,  traverse  the 
cerebral  peduncles  and  pons  and  enter  the  pyramid  of  the  medulla  oblongata. 
In  the  lower  part  of  the  latter  about  two-thirds  of  them  cross  the  middle  line  and 
run  downward  in  the  lateral  funiculus  as  the  lateral  cerebrospinal  fasciculus,  while 
the  remaining  fibres  do  not  cross  the  middle  line,  but  are  continued  into  the  same 
side  of  the  medulla  spinalis,  where  they  form  the  anterior  cerebrospinal  fasciculus. 
The  fibres  of  the  latter,  however,  cross  the  middle  line  in  the  anterior  white  com- 
missure, and  thus  all  the  motor  fibres  from  one  side  of  the  brain  ultimately  reach 
the  opposite  side  of  the  medulla  spinalis.  The  proportion  of  fibres  which  cross 
in  the  medulla  oblongata  is  not  a  constant  one,  and  thus  the  anterior  and  lateral 
cerebrospinal  fasciculi  vary  inversely  in  size.  Sometimes  the  former  is  absent, 
and  in  such  cases  it  may  be  presumed  that  the  decussation  of  the  motor  fibres  in 
the  medulla  oblongata  has  been  complete.  The  fibres  of  these  two  fasciculi  do 
not  acquire  their  medullary  sheaths  until  after  birth.  In  some  animals  the  motor 
fibres  are  situated  in  the  posterior  funiculus. 

(6)  The  rubrospinal  fasciculus  (Monakow)  (prepyramidal  tract),  lies  on  the  "ventral 
aspect  of  the  lateral  cerebrospinal  fasciculus  and  on  transverse  section  appears 
as  a  somewhat  triangular  area.  Its  fibres  descend  from  the  mid-brain,  where  they 
have  their  origin  in  the  red  nucleus  of  the  tegmentum  of  the  opposite  side. 

(c)  The  tectospinal  fasciculus  originates  in  the  superior  coUiculus  (upper  quad- 
rigeminal  body)  of  the  opposite  side,  and  its  fibres  are  partly  intermingled  with 
those  of  the  rubrospinal  fasciculus,  and  are  partly  contained  in  the  anterior 
funiculus. 

(d)  The  oliyospinal  fasciculus  (Helweg)  arises  in  the  vicinity  of  the  inferior 
olivary  nucleus  in  the  medulla  oblongata,  and  is  seen  only  in  the  cervical  region 
of  the  medulla  spinalis,  where  it  forms  a  small  triangular  area  at  the  periphery, 
close  to  the  most  lateral  of  the  anterior  nerve  roots.  Its  exact  origin  and  its  mode 
of  ending  have  not  yet  been  definitely  made  out. 

2.  Ascending  Fasciculi. — (a)  The  cerebellospinal  fasciculus  {fasciculus  cerebello- 
spinalis;  direct  cerebellar  tract  of  Flechsig)  is  situated  at  the  periphery  of  the  pos- 
terior part  of  the  lateral  funiculus,  and  on  transverse  section  appears  as  a  flattened 
band  reaching  as  far  forward  as  a  line  drawn  transversely  through  the  central 
canal.  Medially,  it  is  in  contact  with  the  lateral  cerebrospinal  fasciculus,  behind, 
with  the  fasciculus  of  Lissauer.  It  begins  about  the  level  of  the  second  or  third 
lumbar  nerve  and,  increasing  in  size  as  it  ascends,  passes  to  the  cerebellum  through 
the  restiform  body.  Its  fibres  are  generally  regarded  as  being  formed  by  the  axons 
of  the  cells  of  the  dorsal  nucleus  (Clarke's  column) ;  they  receive  their  medullary 
sheaths  about  the  sixth  or  seventh  month  of  fetal  life. 

(b)  The  superficial  antero-lateral  fasciculus  {fasciculus  anterolateralis  superficialis; 
tract  of  Gowers)  skirts  the  periphery  of  the  lateral  funiculus  in  front  of  the  cerebello- 
spinal fasciculus.  In  transverse  section  it  is  shaped  somewhat  like  a  comma,  the 
expanded  end  of  which  lies  in  front  of  the  lateral  cerebrospinal  fasciculus  while 
the  tail  reaches  forward  into  the  anterior  funiculus.    Its  fibres  come  from  the  oppo- 

^  It  is  probable  (Sch&fer,  Proc.  Phyaiolog.  Soc,  1899)  that  the  fibres  of  the  anterior  and  lateral  oerebrospinal  faseiculi 
are  not  related  in  this  direct  manner  with  the  cells  of  the  anterior  column,  but  terminate  by  arborising  around  the  cells 
at  the  base  of  the  posterior  column  and  the  cells  of  Clarke's  column,  which  in  turn  link  them  to  the  motor  cells  in  the 
anterior  column,  usually  of  several  segments  of  the  cord,  In  consequence  of  these  interposed  neurons  the  fibres  of  the 
cerebrospinal  fasciculi  correspond  not  to  individual  muscles,  but  to  associated  groups  of  muscles. 
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site  side  of  the  medulla  spinalis  and  cross  in  the  anterior  white  commissure;  they 
are  derived  from  the  cells  of  the  dorsal  nucleus  and  from  other  cells  of  the  posterior 
column.  The  superficial  antero-lateral  fasciculus  begins  about  the  level  of  the  third 
pair  of  lumbar  nerves,  and,  increasing  in  size  as  it  ascends,  can  be  followed  into  the 
medulla  oblongata  and  pons.  It  consists  of  three  fasciculi:  (1)  the  yentral  spino- 
cerebellar, the  largest  of  the  three,  passes  to  the  cerebellum  by  way  of  the  brachia 
conjunctiva;  (2)  the  spinothalamic  ends  in  the  thalamus,  and  is  sometimes  termed 
the  secondary  sensory  fasciculus;  and  (3)  the  spinotectal  passes  to  the  corpora 
quadrigemina. 

(c)  The  fasciculus  of  lissauer  is  a  small  strand  situated  in  relation  to  the  tip 
of  the  posterior  column  close  to  the  entrance  of  the  posterior  nerve  roots.  It 
consists  of  fine  fibres  which  do  not  receive  their  medullary  sheaths  until  toward 
the  close  of  fetal  life.  It  is  usually  regarded  as  being  formed  by  some  of  the  fibres 
of  the  posterior  nerve  roots,  which  ascend  for  a  short  distance  in  the  tract  and  then 
enter  the  posterior  column,  but  since  its  fibres  are  myelinated  later  than  those  of 
the  posterior  nerve  roots,  and  do  not  undergo  degeneration  in  locomotor  ataxia, 
they  are  probably  intersegmental  in  character. 

(d)  The  lateral  proper  fasciculus  (fasciculus  lateralis  proprius;  lateral  basis  bundle) 
constitutes  the  remainder  of  the  lateral  column,  and  is  continuous  in  front  with  the 
anterior  proper  fasciculus.  It  consists  chiefly  of  intersegmental  fibres  which  arise 
from  cells  in  the  gray  substance,  and,  after  a  longer  or  shorter  course,  reenter  the 
gray  substance  and  ramify  in  it.  Some  of  its  fibres  are,  however,  continued  upward 
into  the  brain  under  the  name  of  the  medial  longitudinal  fasciculus. 

Fasciculi  in  the  Posterior  Funiculus. — ^This  funiculus  comprises  two  main  fasciculi, 
viz.,  the  fasciculus  gracilis,  and  the  fasciculus  cuneatus.  These  are  separated  from 
each  other  in  the  cervical  and  upper  thoracic  regions  by  the  postero-intermediate 
septum,  and  consist  mainly  of  ascending  fibres  derived  from  the  posterior  nerve 
roots. 

The  fasciculus  gracilis  (tract  of  Goll)  is  wedge-shaped  on  transverse  section,  and 
lies  next  the  posterior  median  septum,  its  base  being  at  the  surface  of  the  medulla 
spinalis,  and  its  apex  directed  toward  the  posterior  gray  commissure.  It  increases 
in  size  from  below  upward,  and  consists  of  long  thin  fibres  which  are  derived  from 
the  posterior  nerve  roots,  and  ascend  as  far  as  the  medulla  oblongata,  where  they 
end  in  the  nucleus  gracilis. 

The  fasciculus  cuneatus  (tract  of  Burdock)  is  triangular  on  transverse  section, 
and  lies  between  the  fasciculus  gracilis  and  the  posterior  column,  its  base  corre- 
sponding with  the  smf  ace  of  the  medulla  spinalis.  Its  fibres,  larger  than  those  of 
the  fasciculus  graciUs,  are  mostly  derived  from  the  same  source,  viz.,  the  posterior 
nerve  roots.  Some  ascend  for  only  a  short  distance  in  the  tract,  and,  entering 
the  gray  matter,  come  into  close  relationship  with  the  cells  of  the  dorsal  nucleus; 
while  others  can  be  traced  as  far  as  the  medulla  oblongata,  where  they  end  in  the 
gracile  and  cuneate  nuclei. 

Occupying  thfe  ventral  part  of  the  posterior  funiculus  is  a  strand  of  fibres  termed 
the  comu-commissoral  fasciculus.  It  is  somewhat  triangular  on  transverse  section, 
and  occupies  the  angle  between  the  posterior  gray  commissure  and  the  posterior 
column.  It  is  best  marked  in  the  lumbar  region,  but  can  be  traced  into  the  thoracic 
and  cervical  regions.  Its  fibres,  derived  from  the  cells  of  the  posterior  column, 
divide  into  ascending  and  descending  branches  which  reenter  and"  ramify  in  the 
gray  substance.  It  has  been  found  to  preserve  its  integrity  in  certain  cases  of 
locomotor  ataxia. 

Descending  Fibres  in  the  Posterior  Funiculus  (Fig.  692).— The  posterior  funiculus 
contains  some  descending  fibres  which  occupy  different  parts  at  different  levels. 
In  the  cervical  and  upper  thoracic  regions,  they  appear  as  a  comma-shaped  fasciculus 
in  the  lateral  part  of  the  fasciculus  cuneatus,  the  blunt  end  of  the  comma  being 
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directed  toward  the  posterior  gray  commissure;  in  the  lower  thoracic  region  they 
form  a  dorsal  peripheral  band  on  the  posterior  surface  of  the  funiculus;  in  the  lumbar 
region,  they  are  situated  by  the  side  of  the  posterior  median  septum,  and  appear 
on  section  as  a  semi-elliptical  bundle,  which,  together  with  the  corresponding 
bundle  of  the  opposite  side,  forms  the  oral  area  of  FlechalE;  while  in  the  codus 
medullaris  they  assume  the  form  of  a  triaofular  strand  in  the  postero-medial  part 

Dtseending  comma  /lucietdiu 
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of  the  fasciculus  gracilis.  These  descending  fibres  are  mainly  intersegmental 
in  character  and  derived  from  cells  in  the  posterior  column,  but  some  consist 
of  the  descending  branches  of  the  posterior  nerve  roots.  The  comma-shaped 
fasciculus  was  supposed  to  belong  to  the  second  categorj',  but  against  this  view 
is  the  fact  that  it  does  not  undergo  descending  degeneration  when  the  posterior 
nerve  roots  are  destroyed. 

Koots  of  the  Spinal  Nerves. — As  already  stated,  each  spinal  nerve  possesses 
two  roots,  an  anterior  and  a  posterior,  which  are  attached  to  the  surface  of  the 
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medu]]a  spinalis  opposite  the  corresponding  column  of  gray  substance  (Fig.  693); 
their  fibres  become  medullated  about  the  fifth  month  of  fetal  life. 

The  Anterior  Nerve  Boot  (radix  ajUerior)  consists  of  efferent  fibres,  which  are 
the  axons  of  the  nerve  cells  in  the  ventral  part  of  the  anterior  column.  A  short 
distance  from  their  origins,  these  axons  are  invested  by  medullary  sheaths  and, 
passing  forward,  eme^e  in  two  or  three  irregular  rows  over  an  area  which  measures 
about  3  mm.  In  width. 

The  Posterior  Root  {radix  posterior)  comprises  some  six  or  eight  fasciculi,  attached 
in  linear  series  along  the  postero-Iateral  sulcus.  It  consists  of  afferent  fibres  which 
arise  from  the  nerve  cells  in  a  spinal  ganglion.  Each  ganglion  cell  gives  off  a  single 
fibre  which  divides  in  a  T-shaped  manner  into  two  processes,  medial  and  lateral. 
The  medial  processes  of  the  ganglion  cells  grow  Into  the  medulla  spinalis  as  the 
posterior  roots  of  the  spinal  nerves,  while  the  lateral  are  directed  toward  the 
periphery-. 


a  of  Ihfl    tnfl 
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The  posterior  nerve  root  enters  the  medulla  spinalis  in  three  chief  bundles, 
medial,  intermediate,  and  lateral.  The  medial  strand  passes  directly  into  the  fas- 
ciculus euneatus:  it  consists  of  coarse  fibres,  which  acquire  their  medullary  sheaths 
about  the  fifth  month  of  intrauterine  life;  the  intermediate  strand  consists  of  coarse 
fibres,  which  enter  the  gelatinous  substance  of  Rolando;  the  lateral  is  composed 
of  fine  fibres,  which  assume  a  longitudinal  direction  in  the  tract  of  Lissauer,  and 
do  not  acquire  their  medullary  sheaths  until  after  birth. 

Having  entered  the  medulla  spinalis,  all  the  fibres  of  the  posterior  nerve  roots 
divide  into  ascending  and  descending  branches,  and  these  in  their  turn  give  off 
collaterals  which  enter  the  gray  substance  (Fig.  694).  The  descending  fibres  are 
short,  and  soon  enter  the  gray  substance.  The  ascending  fibres  are  grouped  into 
long,  short,  and  intermediate:  the  long  fibres  ascend  in  the  fasciculus  euneatus 
and  fasciculus  gracilis  as  far  as  the  medulla  oblongata,  where  they  end  by  arbori- 
zing around  the  cells  of  the  cuneate  and  gracile  nuclei ;  the  short  fibres  run  upward 
for  a  distance  of  only  5  or  6  ram.  and  enter  the  gray  substance;  while  the  inter- 
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mediate  fibres,  after  a  somewhat  longer  course,  have  a  similar  destination.  All 
fibres  entering  the  gray  substance  end  by  arborizing  around  its  nerve  cells,  those 
of  intermediate  length  being  especially  associated  with  the  cells  of  the  dorsal 
nucleus. 

The  fibres  of  the  posterior  nerve  roots  pursue  an  oblique  course  upward,  being 
situated  at  first  in  the  lateral  part  of  the  fasciculus  cuneatus :  higher  up,  they  occupy 
the  middle  of  this  fasciculus,  having  been  displaced  by  the  accession  of  other 
entering  fibres;  while  still  higher,  they  ascend  in  the  fasciculus  gracilis.  The  upper 
cervical  fibres  do  not  reach  this  fasciculus,  but  are  entirely  confined  to  the  fascic- 
ulus cuneatus.  The  localization  of  these  fibres  is  very  precise:  the  sacral  nerves 
lie  in  the  medial  part  of  the  fasciculus  gracilis  and  near  its  periphery,  the  lumbar 
nerves  lateral  to  them,  the  thoracic  nerves  still  more  laterally;  while  the  cervical 
nerves  are  confined  to  the  fasciculus  cuneatus  (Fig.  691). 

The  development  of  the  medulla  spinalis  is  described  in  the  section  on  Embr}'- 
ology  (pages  117  to  120). 

Applied  Anatomy. — Several  cases  have  been  recorded^  in  which  a  local  doubling  of  the  medulla 
spinalis  has  taken  place.  The  condition  is  probably  due  to  some  interference  with  the  develop- 
ment of  the  neiural  tube  in  the  embryo;  in  a  few  it  was  associated  with  spina  bifida,  while  in  one 
recent  case*  the  two  parts  were  separated  by.  a  dermoid  tumor.  Other  congenital  abnormaliiiu 
of  the  medulla  spinalis  occur  in  connection  with  spina  bifida  (see  p.  214),  and  also  in  syringo- 
myelia. In  this  latter  chronic  condition  an  abnormal  proliferation  of  the  neuroglia  takes  place, 
generally  near  the  central  canal  and  in  the  cervical  enlargement,  and  later  this  mass  becomes 
absorbed,  leaving  an  irregular  cavity  in  its  place.  This  gives  rise  to  a  number  of  interesting 
signs  and  symptoms,  such  as  analgesia  (or  insensitiveness  to  pain),  inability  to  distinguish  between 
cold  and  heat,  progressive  atrophy  in  the  muscles  of  the  hands  and  arms,  trophic  changes  in  the 
bones  and  joints,  and  painless  whitlows.  Severe  injuries  to  the  medulla  spinalis  may  occur  in 
fr^tures  or  fracture-dislocations  of  the  vertebral  column  anywhere  above  the  second  lumbar 
vertebra.  If  the  medulla  spinalis  is  completely  crushed  or  torn  across,  total  paralysis  and  anes- 
thesia of  all  parts  of  the  body  drawing  their  nerve  supply  from  below  the  injured  spot  will  follow, 
with  loss  of  control  over  the  actions  of  the  bladder  and  rectum.  The  higher  up  such  a  lesion 
occurs,  the  worse  the  prognosis.  Thus,  when  the  medulla  spinalis  is  crushed  by  fracture  of  the 
atlas  or  axis,  the  vital  centres  in  the  medulla  oblongata  are  injured,  and  death  occurs  at  once. 
If  the  origin  of  the  phrenic  nerve — mainly  the  fourth  cervical — just  escape  in  a  case  where  the 
neck  is  broken,  respiration  will  have  to  be  carried  on  by  the  Diaphragma  alone,  and  death  is 
likely  to  ensue  before  long  from  pulmonary  complications.  When  the  back  is  broken  in  the 
lower  thoracic  region,  life  is  not  immediately  threatened;  but  imless  the  patient  is  carefully 
nursed,  death  may  follow  at  any  time  from  the  development  of  bed-sor^  in  the  anesthetic  area, 
or  from  septic  infection  spreading  up  the  ureters  into  the  kidneys  and  secondary  to  the  cystitis 
that  is  so  prone  to  occiu:  in  patients  who  have  no  control  over  the  bladder.  Inflammaiion  of  the 
medulla  spinalis,  or  spinal  myelitis,  sometimes  follows  influenza  or  one  of  the  acute  specific  fevers. 
A  transverse  patch  of  such  myelitis  extending  completely  across  the  medulla  spinalis  produces 
more  or  less  complete  interruption  of  the  passage  of  nervous  impulses  through  it.  Hence  it  will 
occasion  more  or  less  complete  paralysis  and  anesthesia  of  the  parts  of  the  body  obtaining  their 
nerve  supply  from  below  it,  and,  in  addition,  a  zone  of  cutaneous  hyperesthesia  at  its  level,  in 
consequence  of  the  irritation  of  the  sensory  fibres  entering  the  inflamed  region  of  the  medulla 
spinalis.  The  disease  mainly  attacking  children,  and  known  as  infantile  spinal  paralysiSf  or 
acute  anterior  poliomyelitis,  is  a  bacterial  infection  of  the  pia  mater  that  spreads  into  the  medulla 
spinalis  along  the  bloodvessels,  and  destroys  groups  of  the  motor  neurons  aggregated  in  the 
anterior  column.  Destruction  of  the  cells  causes  rapid  and  permanent  paralysis  of  the  muscles 
innervated,  and  groups  of  muscles  in  one  or  more  of  the  limbs  are  commonly  picked  out  for 
attack.  The  affected  limbs  are  thus  partially  paralyzed,  and  their  subsequent  growth  and  nutri- 
tion both  suffer.  Further,  the  muscles  that  normally  antagonize  the  affected  groups  of  muscles, 
finding  their  actions  unopposed,  tend  to  assume  a  state  of  spastic  contraction.  In  consequence, 
much  dwarfing  and  deformity  follow  later,  and  may  demand  for  their  relief  such  operations  as 
tenotomy,  the  transplantation  of  tendons,  or  even  amputation. 

Inflammation  of  the  ganglia  on  one  or  more  of  any  of  the  posterior  nerve  roots  is  the  cause 
of  shingles^  or  herpes  zoster,  in  which  there  is  a  painful  eruption  of  groups  of  cutaneous  vesicles 
corresponding  to  the  distribution  of  the  nerve9  derived  from  the  affected  ganglia.    It  is  com- 

I  For  an  analysia  of  these  cases  consult  paper  by  Bruce,  Stuart  McDonald,  and  Pirie,  Review  of  Neurology  and 
Psychiatry,  January,  1906. 

»  Harriehauscn,  D.  Ztschrft.  f.  Nervenheilk.,  Band  xxxvi,  Heft  3  and  4,  S.  268. 
'  From  Lat.  cingulum,  a  belt. 
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monest  alojig  the  course  of  the  intercostal  nerves;  the  eruption  is  often  preceded  and  followed, 
as  well  as  accompanied,  by  girdle  pains,  and  in  old  people  these  may  be  prolonged  and  serious 
in  character.  Herpes  is  the  analogue  on  the  sensory  side  to  anterior  poliomyelitis  on  the  motor 
side  of  the  nervous  system. 

THE  ENCEPHALON  OB  BRAIN. 

Dissection. — To  examine  the  brain  with  its  membranes,  the  skull-cap  must  be  removed.  In 
order  to  efifect  this,  saw  through  the  external  table,  the  section  conmiencing,  in  front,  about 
2  cm.  (^  inch)  above  the  margin  of  the  orbits,  and  extending,  beliind,  to  a  little  above  the  level 
of  the  occipital  protuberance.  Then  break  the  internal  table  with  the  chisel  and  hammer,  to 
avoid  injuring  the  investing  membranes  or  brain;  loosen  and  forcibly  detach  the  skull-cap,  and  the 
dura  will  be  exposed.  The  adhesion  between  the  bone  and  the  dura  often  is  very  intimate,  par- 
ticularly along  the  sutures. 

General  Considerations  and  Divisions. — ^The  encephalon,  or  brain,  is  contained 
within  the  cranium,  and  constitutes  the  upper,  greatly  expanded  part  of  the  central 
nervous  system.  In  its  early  em- 
bryonic condition  it  consists  of  three 
hollow  vesicles,  termed  the  rhomb- 
encephalon or  hind-bridn,  the  mesen- 
cephalon or  mid-brain,  and  the 
prosencephalon  or  fore-brain;  and 
the  parts  derived  from  each  of 
these  can  be  recognized  in  the 
adult  (Fig.  695).  Thus  in  the  pro- 
cess of  development  the  wall  of  the 
rhombencephalon  undergoes  modi- 
fication to  form  the  medulla  ob- 
longata, the  pons,  and  cerebellum, 
while  its  cavity  is  expanded  to 
form  the  fourth  ventricle.  The 
mesencephalon  forms  only  a  small 
part  of  the  adult  brain;  its  cavity 
becomes  the  cerebral  aqueduct 
{aqueduct  of  Sylvitis),  which  serves 
as  a  tubular  communication  be- 
tween the  third  and  fourth  ventricles;  while  its  walls  are  thickened  to  form  the 
corpora  quadrigemina  and  cerebral  peduncles.  The  prosencephalon  undergoes 
great  modification:  its  anterior  part  or  telencephalon  expands  laterally  in  the 
form  of  two  hollow  vesicles,  the  cavities  of  which  become  the  lateral  ventricles, 
while  the  surrounding  walls  form  the  cerebral  hemispheres  and  their  commissures; 
the  cavity  of  the  posterior  part  or  diencephalon  forms  the  greater  part  of  the  third 
ventricle,  and  from  its  walls  are  developed  most  of  the  structures  which  bound 
that  cavity.  Further  details  regarding  these  important  changes  are  given  in  the 
section  on  Embryology  (pages  120  to  132).  * 


Cerebral  peduncle 
Brcpchitun  conjunctivum 

Brachium  porUis 
Eestiform  body 


"  MeduUa  oblongata 


Fig.  695. — Scheme  showing  the  connections  of  the  several 
parts  of  the  brain.    (Alter  Schwalbe.) 


THE  RHOMBENCEPHALON  OB  HIND-BRAIN. 


The  rhombencephalon  or  hind-brain  occupies  the  posterior  fossa  of  the  cranial 
cavity  and  lies  below  a  fold  of  dura  mater,  the  tentorium  cerebelli.  It  consists 
of  (a)  the  myelencephalon,  comprising  the  medulla  oblongata  and  the  lower  part 
of  the  fourth  ventricle;  (6)  the  metencephi^lon,  consisting  of  the  pons,  cerebellum, 
and  the  intermediate  part  of  the  fourth  ventricle;  and  (c)  the  isthmus  rhomben- 
cephali,  a  constricted  portion  immediately  adjoining  the  mesencephalon  and  includ- 
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ing  the  brachia,  conjunctiva  of  the  cerebellum,  the  anterior  medullary  velum, 
and  the  upper  part  of  the  fourth  ventricle. 

The  Medulla  Oblongata  (spinal  bulb), — ^The  medulla  oblongata  is  the  lowest  and 
smallest  division  of  the  brain;  its  structure,  however,  is  extremely  complex,  since  it 
gives  attachment  to  many  of  the  cerebral  nerves,  and  forms  the  connecting  link 
between  the  medulla  spinalis  below  and  the  cerebrum  and  cerebellum  above. 

It  extends  from  the  lower  margin  of  the  pons  to  a  plane  passing  transversely 
below  the  pyramidal  decussation  and  above  the  first  pair  of  cervical  nerves;  this 
plane  corresponds  with  the  upper  border  of  the  atlas  behind,  and  the  middle  of  the 
odontoid  process  of  the  epistropheus  or  axis  in  front;  at  this  level  the  medulla 
oblongata  is  continuous  with  the  medulla  spinalis.  Its  anterior  surface  is  separated 
from  the  basilar  part  of  the  occipital  bone  and  the  upper  part  of  the  odontoid 
process  by  the  membranes  of  the  brain  and  the  occipitoaxial  ligaments.  Its  pos- 
terior surface  is  received  into  the  fossa  between  the  hemispheres  of  the  cerebellum, 
and  the  upper  portion  of  it  forms  the  lower  part  of  the  floor  of  the  fourth  ventricle. 
The  vertebral  arteries  pass  upward  and  forward  in  relation  to  its  lateral  surfaces; 
they  then  curve  forward  on  to  its  anterior  surface  and  unite  at  the  lower  border 
of  the  pons  to  form  the  basilar  artery. 

The  medulla  oblongata  is  pyramidal  in  shape,  its  broad  extremity  being  directed 
upward  toward  the  pons,  while  its  narrow,  lower  end  is  continuous  with  the  medulla 
spinalis.  It  measures  about  3  cm.  in  length,  about  2  cm.  in  breadth  at  its  widest 
part,  and  about  1.25  cm.  in  thickness.  The  central  canal  of  the  medulla  spinalis 
is  prolonged  into  its  lower  half,  and  then  opens  into  the  cavity  of  the  fourth  ven- 
tricle; the  medulla  oblongata  may  therefore  be  divided  into  a  lower  closed  part 
containing  the  central  canal,  and  an  upper  open  part  corresponding  with  the  lower 
portion  of  the  fourth  ventricle.  Its  anterior  and  posterior  surfaces  are  marked  by 
median  fissures. 

The  Anterior  Median  Fissure  (fissura  mediana  anterior;  ventral  or  ventromedian 
fissure)  contains  a  fold  of  pia  mater,  and  extends  along  the  entire  length  of  the 
medulla  oblongata:  it  ends  at  the  lower  border  of  the  pons  in  a  small  triangular 
expansion,  termed  the  foramen  caecum.  Its  lower  part  is  interrupted  by  bundles 
of  fibres  which  cross  obliquely  from  one  side  to  the  other,  and  constitute  the  pyra- 
midal decussation.  Some  fibres,  termed  the  anterior  external  arcuate  fibres,  emerge 
from  the  fissure  above  this  decussation  and  curve  lateralward  and  upward  over 
the  surface  of  the  medulla  oblongata. 

The  Posterior  Median  Fissure  {fissura  mediana  posterior;  dorsal  or  dorsomedian 
fissure)  is  a  narrow  groove;  and  exists  only  in  the  closed  part  of  the  medulla  oblon- 
gata; it  becomes  gradually  shallower  from  below  upward,  and  finally  ends  about 
the  middle  of  the  medulla  oblongata,  where  the  central  canal  expands  into  the 
cavity  of  the  fourth  ventricle. 

These  two  fissures  divide  the  closed  part  of  the  medulla  oblongata  into  sym- 
metrical halves,  each  presenting  elongated  eminences  which,  on  surface  view, 
are  continuous  with  the  funiculi  of  the  medulla  spinalis.  In  the  open  part  the 
halves  are  separated  by  the  anterior  median  fissure,  and  by  a  median  raph^  which 
extends  from  the  bottom  of  the  fissure  to  the  floor  of  the  fourth  ventricle.  Further, 
certain  of  the  cerebral  nerves  pass  through  the  substance  of  the  medulla  oblongata, 
and  are  attached  to  its  surface  in  series  with  the  roots  of  the  spinal  ner\'es;  thus, 
the  fibres  of  the  hypoglossal  nerve  represent  the  upward  continuation  of  the 
anterior  nerve  roots,  and  emerge  in  linear  series  from  a  furrow  termed  the 
antero-lateral  sulcus.  Similarly,  the  accessory,  vagus,  and  glossopharyngeal  nerves 
correspond  with  the  posterior  nerve  roots,  and  are  attached  to  the  bottom  of  a  sulcus 
named  the  postero-lateral  sulcus.  Advantage  is  taken  of  this  arrangement  to  sub- 
divide each  half  of  the  medulla  oblongata  into  three  districts,  anterior,  middle, 
and  posterior.    Although  these  three  districts  appear  to  be  directly  continuous 
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with  the  corresponding  funiculi  of  the  medulla  spinalis,  they  do  not  necessarily 
contain  the  same  fibres,  since  some  of  the  fasciculi  of  the  medulla  spinalis  end  in 
the  medulla  ohiongata,  while  others  alter  their  course  in  passing  through  it. 

The  anterior  district  {Fig.  696)  is  named  the  pframid  (pyram'U  meduUae  d>longatae) 
and  lies  between  the  anterior  median  fissure  and  the  antero-lateral  sulcus.  Its 
upper  end  is  slightly  constricted, 

and    between    it  and    the    pons  * 

the  fibres  of  the  abducent  ner\'e 
emerge;  a  little  below  the  pons  it 
becomes  enlarged  and  prominent, 
and  finally  tapers  into  the  anterior 
funiculus  of  the  medulla  spinalis, 
with  which,  at  first  sight,  it  ap- 
pears to  be  directly  continuous. 

The  two  pyramids  contain  the 
motor  fibres  which  pass  from  the 
brain  to  the  medulla  spinalis. 
When  these  pyramidal  fibres  are 
traced  downward  it  is  found  that 
some  two-thirds  or  more  of  them 


bob- 


Pona.  b.  MedullH  oblonuU. 
DmuhsUoh  oI  tba  pynmida.  d.  Saction  of  etrncZ  put  iK 
DKduUfr  apioilu.  1.  Aotenor  oerebrotpitia!  fiudcutuB  (in 
»d).  2.  LfllcnO  Eerabrospinsl  [ucicului  (id  red).  3.  SanMn 
tnct  ((udculi  gracilii  et  cuoestui)  (in  blue],  3'.  Gruilg 
vid  Buneats  nucl«.  4,  Anlero-UMnl  proper  fueiciilua  (in 
dottad  line).  S.  Pyrunid.  6.  LemniMiu.  7.  Medial  lomp- 
tudinal  faodculiu.  3-  Supetfidal  ftntero-lateral  {Mdculm  (In 
blue)-    Q-  CenbeLLoflpinAi  fescicuLue  (in  yellow). 


leave  the  pyramids  in  successive  bundles,  and  decussate  in  the  anterior  median 
fissure,  forming  what  is  termed  the  pyramidal  decuflsation.  Having  crossed  the 
middle  line,  they  pass  down  in  the  posterior  part  of  the  lateral  funiculus  as  the 
lateral  cerebrospinal  fasciculus.  The  remaining  fibres^ — i.  e.,  those  which  occupy 
the  lateral  part  of  the  pyramid — do  not  cross  the  middle  line,  but  are  carried 
downward  as  the  anterior  cerebrospinal  fasciculus  (Fig.  697)  into  the  anterior 
funiculus  of'the  same  side. 

The  greater  part  of  the  anterior  proper  fasciculus  of  the  medulla  spinalis  is  con- 
tinued upward  through  the  medulla  oblongata  under  the  name  of  the  medial 
Itmgitndinal  fascicnlna. 

The  lateral  district  (Fig.  698)  is  limited  in  front  by  the  antero-lateral  sulcus 
and  the  roots  of  the  hypoglossal  ner\'e,  and  behind  by  the  postero-lateral  sulcus 
and  the  roots  of  the  accessory,  vagus,  and  glossopharyngeal  ner\cs.  Its  upper  part 
consists  of  a  prominent  oval  mass  which  is  named  the  olive,  while  its  lower  part 
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is  of  the  same  width  as  the  lateral  funiculus  of  the  medulla  spinalis,  and  appears 
on  the  surface  to  be  a  direct  continuation  of  it.  As  a  matter  of  fact,  only  a  portion 
of  the  lateral  funiculus  is  continued  upward  into  this  district,  for  the  lateral  cerehfo- 
spinal  fasciculus  passes  into  the  pyramid  of  the  opposite  side,  and  the  cerebello- 
spinal fasciculus  is  carried  into  the  restiform  body  in  the  posterior  district.  The 
remainder  of  the  lateral  funiculus,  which  consists  chiefly  of  the  lateral  proper 
fasciculus  and  the  superficial  antero-lateral  fasciculus  can  be  traced  into  the 
lateral  district.  Most  of  these  fibres  dip  beneath  the  olive  and  disappear  from 
the  surface;  but  a  small  strand  remains  superficial,  and  ascends  between  the  olive 
and  the  postero-lateral  sulcus.  In  a  depression  at  the  upper  end  of  this  strand  is 
the  acoustic  nerve. 

Stiperior  braeltiam     Latrral  gmieulalt  body 


Tmtblt 


The  oliTe  (olim;  olicary  body)  is  situated  lateral  to  the  pyramid,  from  which  it 
is  separated  by  the  antero-lateral  sulcus,  and  the  fibres  of  the  hypoglossal  nerve. 
Behind,  it  is  separated  from  the  pyostero-lateral  sulcus  by  the  small  superficial 
strand  of  the  lateral  funiculus  already  referred  to.  It  measures  about  1.25  cm,  in 
length,  and  between  its  upper  end  and  the  pons  there  is  a  slight  depression  to  which 
the  roots  of  the  facial  nerve  are  attached.  The  external  arcuate  fibres  wind  across 
the  lower  part  of  the  pyramid  and  olive  and  enter  the  restiform  body. 

The  posterior  district  (Fig.  699)  lies  behind  the  postero-lateral  sulcus  and  the 
roots  of  the  accessory,  vagus,  and  the  glossopharyngeal  nerves,  and,  like  the  lateral 
district,  is  divisible  into  a  lower  and  an  upper  portion. 

The  lower  part  is  limited  behind  by  the  posterior  median  fissure,  and  consists 
of  the  fasciculus  graciliB  and  the  fasciculus  cuneatns.  The  fasciculus  gracilis  is 
placed  parallel  to  and  along  the  side  of  the  posterior  median  fissure,  and  separated 
from  the  fasciculus  cuneatus  by  the  postero-intermediate  sulcus  and  septum. 
The  gracile  and  cuneate  fasciculi  are  at  first  vertical  in  direction;  but  at  the  lower 
part  of  the  rhomboid  fossa  thcj'  diverge  from  the  middle  line  in  a  V-shaped  manner, 
and  each  presents  an  elongated  swelling.  That  on  the  fasciculus  gracilis  is  named 
the  clava,  and  is  produced  b^'  a  subjacent  nucelus  of  gray  matter,  the  mictoiu 


THE  RHOMBENCEPHALON  OR  H!XD-BRAL\  825 

ffr»cUis;  that  on  the  fasciculus  cuneatus  is  termed  the  cimeate  tubercle,  and  is  like- 
wise caused  by  a  gray  nucleus,  named  the  nuclsuB  cimeatas.  The  fibres  of  these 
fasciculi  terminate  by  arborizing  around  the  cells  in  their  respective  nuclei.  A 
third  elevation,  produced  by  the  substantia  gelatinosa  of  Rolando,  is  present  in 
the  lower  part  of  the  posterior  district  of  the  medulla  oblongata.  It  lies  on  the 
lateral  aspect  of  the  fasciculus  cuneatus,  and  is  separated  from  the  surface  of  the 
medulla  oblongata  by  a  band  of  ner\'e  fibres  which  form  the  spinal  tract  (spinal 
root)  of  the  trigeminal  nerve.  Narrow  below,  this  elevation  gradually  expands 
above,  and  ends,  about  1.25  cm.  below  the  pons,  in  a  tubercle,  the  tubercle  at 
"»  (tvher  c' 


if vmiflMtiiJ  im-M 

itpinai  parti 


Flo.  G99- — Uppv  part  of  medulla  qnoHlis  and  hiad-  and  nud-brains;  poaterioT  aspect,  eipOAed  tn  nTu. 

The  upper  part  of  the  posterior  district  of  the  medulla  oblongata  is  occupied 
by  the  restiform  body,  a  thick  rope-like  strand  situated  between  the  lower  part 
of  the  fourth  ventricle  and  the  roots  of  the  glossopharyngeal  and  vagus  nerves. 
The  restiform  bodies  connect  the  medulla  spinalis  and  medulla  oblongata  with 
the  cerebellum,  and  are  sometimes  named  the  inferior  peduncles  of  the  cerebellum. 
As  they  pass  upward,  they  diverge  from  each  other,  and  assist  in  forming  the  lower 
part  of  the  lateral  boundaries  of  the  fourth  ventricle;  higher  up,  they  are  directed 
backward,  each  passing  to  the  corresponding  cerebellar  hemisphere.  Near  their 
entrance  into  the  cerebellum  they  are  crossed  by  several  strands  of  fibres,  which 
run  to  the  median  sulcus  of  the  rhomboid  fossa,  and  are  named  the  striae  medaUaies. 
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The  restiform  body  appears  to  be  the  upward  continuation  of  the  fasciculus  gracilis 
and  fasciculus  cuaeatus;  this,  however,  is  not  so,  as  the  fibres  of  these  fasciculi  end 
in  the  gracile  and  cuneate  nuclei.  The  consthution  of  the  restiform  body  will  be 
subsequently  discussed. 

Internal  Structure  of  the  Medulla  Oblongata. — Although  the  external  form  of  the 
medulla  oblongata  bears  a  certain  resemblance  to  that  of  the  upper  part  of  the 
medulla  spinalis,  its  internal  structure  differs  widely  from  that  of  the  latter,  and 
this  for  the  following  principal  reasons:  (1)  certain  fasciculi  which  extend  from  the 
medulla  spinalis  to  the  brain,  and  vice  versa,  undergo  a  rearrangement  in  their 
passage  through  the  medulla  oblongata;  (2)  others  which  exist  in  the  medulla  spin- 
alis end  in  the  medulla  oblongata;  (3)  new  fasciculi  originate  in  the  gray  substance 
of  the  medulla  oblongata  and  pass  to  different  parts  of  the  brain;  (4)  the  gray  sub- 
stance, which  in  the  medulla  spinalis  forms  a  continuous  H-shaped  column,  becomes 
greatly  modified  and  subdivided  in  the  medulla  oblongata,  where  also  new  masses 
of  gray  substance  are  added ;  (5)  on  account  of  the  opening  out  of  the  central  canal 


of  the  rnsdulU  oblou 


Q  m«clull&  obtoDuta  at  the 
„  ^_._ . ._._.. ,,„        .. ,.„_ ths  pynunjd*.    (T««uU    1 
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[uniculiu.    The  red  urow,  a,  a'.  indicat«  the  ooune  the      DMiuntion    of  the  latenl  cerebronuul .. 

]a(«nl  Mtebroapin&l  fuciculua  take*  at  Che  level  of  the      Poeterior  coIiuddh  (in  blue).    S.  Cradle  nuelsul. 
deoufloftdoa  of  (be  pyramide;  the  blue  arrow,  b,  V.  iadi- 
imtm  the  ooum  which  the  Hniory  fihrea  take. 

of  the  medulla  spinalis,  certain  parts  of  the  gray  substance,  which  in  the  medulla 
spinalis  were  more  or  less  centrally  situated,  are  displayed  in  the  rhomboid  fossa; 
(6)  the  medulla  oblongata  is  intimately  associated  with  many  of  the  cerebral 
nerves,  some  arising  from,  and  others  ending  in,  nuclei  within  its  substance. 

The  internal  structure  of  the  medulla  oblongata  is  best  studied  in  series  of 
transverse  (Figs.  704,  706)  and  of  longitudinal  sections.  A  short  description 
of  the  course  taken  by  the  principal  fasciculi,  and  of  the  arrangement  of  the 
gray  substance,  will  now  be  given. 

Tb»  Cerebrospinal  Faselcnli. — The  downward  course  of  these  fasciculi  from  the 
pyramids  of  the  medulla  oblongata  and  their  partial  decussation  have  already 
been  described  (page  816).  In  crossing  to  reach  the  lateral  funiculus  of  the  oppo- 
site side,  the  fibres  of  the  lateral  cerebrospinal  fasciculi  extend  backward  through 
the  anterior  columns,  and  separates  the  head  of  each  of  these  columns  from  its 
base  (Figs.  700,  701).  The  base  retains  its  position  in  relation  to  the  ventral 
aspect  of  the  centra!  canal,  and,  when  the  latter  opens  into  the  fourth  ventride, 
appears  in  the  rhomboid  fossa  close  to  the  middle  line,  where  it  forms  the  nuclei 
of  the  hypoglossal  and  abducent  nerves;  while  above  the  level  of  the  ventricle  it 
exists  as  the  nuclei  of  the  trochlear  and  oculomotor  nerves  in  relation  to  the  floor 
of  the  cerebral  aqueduct.  The  head  of  the  column  is  pushed  lateralward  and  forms 
the  nucleus  ambiKuus,  which  gives  origin  from  below  upward  to  the  cerebral  part 
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of  the  accessory  and  the  motor  fibres  of  the  vagus  tr  ■'  J"ss<#pliar.vngeal,  and  still 
higher  to  the  motor  fibres  of  the  facial  and  trigeminal  n<  ^^  es. 

The  fasciculus  gracilis  and  fasciculus  cuneatus  constitute  the  p(»ster;,r  stnsorv 
fasciculi  of  the  medulla  spinalis;  they  are  prolonged  upward  into  the  I(jv\0!  ^  rt 
of  the  medulla  oblongata,  where  they  end  respectively  in  the  nucleus  grai  ilib  and 
nucleus  cuneatijs.  These  two  nuclei  are  continuous  with  the  central  gray  substanct 
of  the  medulla  spinalis,  and  may  be  regarded  as  dorsal  projections  of  this,  each 
being  covered  superficially  by  the  fibres  of  the  corresponding  fasciculus.     On 

transverse  section  (Fig.  704)  the  nucleus 
,     6!"  gracilis  appears  as  a  single,  more  or  less 

/  y  quadrangular  mass,   while  the   nucleus 

fc-^-^  cuneatus  consists  of  two  parts:  a  larger, 

somewhat   triangular,    medial    nucleus, 
composed  of  small  or  medium-sized  cells, 
and  a  smaller  lateral  nucleus  containing 
-,, ..  ..,„.^  large  cells. 

>  ;]grV^  The  fibres  of  the  fasciculus  gracilis 

^*  and  fasciculus  cuneatus  end  by  arborizing 

7      6   2 
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Fxa.  7Q2. — Superior  terminations  of  the  poeterior  fas- 
ciculi of  the  medulla  spinaUs.  (Testut.)  1.  Posterior 
median  sulcus.  2.  Fasciculus  gracilis.  3.  Fasciculus 
cuneatus.  4.  Gracile  nucleus.  5.  Cuneate  nucleus.  6, 
6',  6".  Sensory  fibres  forming  the  lemniscus.  7.  Sen- 
sory decussation.  8.  Cerebellar  fibres  uncrossed  (in 
black).    9.  Cerebellar  fibres  crossed  (in  black). 


6    i 


FiQ.  703. — ^Transverse  section  passing  through  the 
sensory  decussation.  (Schematic.)  (Testut.)  1.  Ante- 
rior median  fissure.  2.  Posterior  median  sulcus.  3, 3. 
Head  and  base  of  anterior  column  (in  red).  4.  Hyi>o- 
glossal  nerve.  5.  Bases  of  posterior  columns.  6.  Gra&le 
nucleus.  7.  Cuneate  nucleus.  8,  8.  Lemniscus.  9. 
Sensory  decussation.      10.  Cerebrospinal  fasciculus. 


aroimd  the  cells  of  these  nuclei  (Fig.  702).  From  the  cells  of  the  nuclei  new  fibres 
arise;  some  of  these  are  continued  as  the  posterior  external  arcuate  fibres  into  the 
restiform  body,  aud  through  it  to  the  cerebellum,  but  most  of  them  pass  forward 
through  the  neck  of  the  posterior  column,  thus  cutting  off  its  head  from  its  base 
(Fig.  703) .  Curving  forward,  they  decussate  in  the  middle  line  with  the  correspond- 
ing fibres  of  the  opposite  side,  and  run  upward  immediately  behind  the  cerebro- 
spinal fibres,  as  a  flattened  band,  named  the  lemniscus  or  fillet.  The  decussation 
of  these  sensory  fibres  is  situated  above  that  of  the  motor  fibres,  and  is  named 
the  decussation  of  the  lemniscus  or  sensory  decussation.  The  lemniscus  is  joined  by 
the  spinothalamic  fasciculus  (page  817),  the  fibres  of  which  are  derived  from  the 
cells  of  the  gray  substance  of  the  opposite  side  of  the  medulla  spinalis. 

The  base  of  the  posterior  column  at  first  lies  on  the  dorsal  aspect  of  the  central 
canal,  but  when  the  latter  opens  into  the  fourth  ventricle,  it  appears  in  the  lateral 
part  of  the  rhomboid  fossa.  It  forms  the  terminal  nuclei  of  the  sensory  fibres  of 
the  vagus  and  glossopharyngeal  nerves,  and  is  associated  with  the  vestibular  part 
of  the  acoustic  nerve  and  the  sensory  root  of  the  facial  nerve.  Still  higher,  it  forms  a 
mass  of  pigmented  cells — the  locus  coeruleus — in  which  some  of  the  sensory  fibres 
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of  the  trigeminal  nerve  appear  to  end.  The  head  of  the  posterior  column  forms  a 
long  nucleus,  in  wliich  the  fibres  of  the  spinal  tract  of  the  trigeminal  nerve  largely 
end. 

A'ltcfcttj  ofmedi  ' 


Farmatio  retictdarU  j 
Formaiio  rdicvlani  "^^  "*™ 

mUJibm 


AnUnor  median  fieatire 
Pio.  704.--Sei!tiDn  of  {be  medulla  oblDngBta  &t  About  ths  miilclle  of  the  olli^.    (ScbwaUn.) 


The  cerebellospinal  fasciculus  {fasciculus  cereheUospinalis;  direct  cerebellar  trad) 
leaves  the  lateral  district  of  the  medulla  oblongata;  most  of  its  fibres  are  carried 
backward  into  the  restiform  body  of  the  same  side,  and  through  it  are  conveyed 
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to  the  cerebellum;  but  some  run  upward  with  the  fibres  of  the  lemniscus,  and, 
reaching  the  inferior  colliculus,  undergo  decussation,  and  are  carried  to  the 
cerebellum  through  the  brachium  conjunctivum. 

The  proper  fasciculi  (basis  bundles)  of  the  anterior  and  lateral  funiculi  largely 
consist  of  intersegmental  fibres,  which  link  together  the  different  segments  of  the 
medulla  spinalis;  they  assist  in 
the  production  of  the  formatio 
reticularis  of  the  medulla  oblon- 
gata, and  many  of  them  are  ac- 
cumulated into  a  fasciculus  which 
runs  up  close- to  the  median  raphe 
between  the  lemniscus  and  the 
rhomboid  fossa;  this  strand  is 
named  the  medial  longitudinal 
fasciculus,  and  will  be  again  re- 
ferred to. 

Qray  Substance  of  the  Medulla 
Oblongata  (Figs.  704,  705).— In 
addition  to  the  gracile  and  cun- 
eate  nuclei,  there  are  several 
other  nuclei  to  be  considered. 
Some  of  these  are  traceable  from 
the  gray  substance  of  the  medulla 
spinalis,  while  others  are  unrepre- 
sented in  it. 

1.  The  hypoglossal  nucleus  is 
derived  from  the  base  of  the 
anterior  column;  in  the  lower 
closed  part  of  the  medulla  ob- 
longata it  is  situated  on  the  ven- 
trolateral aspect  of  the  central 
canal;  but  in  the  upper  part  it 
approaches  the  rhomboid  fossa, 
where  it  lies  close  to  the  middle 
line,  under  an  eminence  named 
the  trigonum  hypoglossi  (Fig.  719). 
The  nucleus  measures  about 
2  cm.  in  length,  and  consists 
of  large  multipolar  nerve  cells, 
whose  axons  constitute  the  roots 
of  the  hypoglossal  nerve.  These 
nerve  roots  pass  forward  between 
the  anterior  and  lateral  districts  of  the  medulla  oblongata,  and  emerge  from  the 
antero-lateral  sulcus. 

2.  The  motor  nucleus  (Figs.  706,  707),  common  to  the  glossopharyngeal,  vagiis, 
and  cerebral  part  of  the  accessory  nerves,  is  named  the  nucleus  ambiguus.  It  rep- 
resents the  head  of  the  anterior  column,  lies  deeply  in  the  formatio  reticularis 
grisea,  and  extends  throughout  nearly  the  whole  length  of  the  medulla  oblongata. 

3.  The  sensory  nucleus  (Figs.  706,  708),  or  terminal  nucleus  of  the  sensory  fibres 
of  the  glossopharyngeal  and  vagus,  represents  the  base  of  the  posterior  column. 
It  measures  about  2  cm.  in  length,  and  in  the  lower,  closed  part  of  the  medulla 
oblongata  is  situated  behind  the  hypoglossal  nucleus;  whereas  in  the  upper,  open 
part  it  lies  lateral  to  that  nucleus,  and  corresponds  to  an  eminence,  named  the 
ala  cinerea  (trigonum  vagi),  in  the  rhomboid  fossa. 


Nucleus  ambiguus 
{IX  and  X) 


IX  and  X 


Nucleus  of 
solitary  tract 


Fio.  706. — ^The  cerebral  nerve  nuclei  schematically  represented; 
dorsal  view.  Motor  nuclei  in  red;  sensory  in  blue.  (The  olfactory 
and  optic  centres  are  not  rep^sented.) 
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4.  The  nuclei  of  the  acoustic  nerve  are  described  on  page  836. 

5.  The  olivary  nuclei  (Fig.  704)  are  three  in  number  on  either  side  of  the  middle 
line,  viz.,  the  inferior  olivary  nucleus,  and  the  medial  and  dorsal  accessory  olivary 
nuclei;  they  consist  of  small,  round,  yellowish  cells  and  numerous  fine  nerve  fibres, 
(a)  The  interior  olivary  nacleaa  is  the  largest,  and  is  situated  within  the  olive. 
It  consists  of  a  gray  folded  lamina  arranged  in  the  form  of  an  incomplete  capsule, 
opening  medially  by  an  aperture  called  the  hilus ;  emerging  from  the  hilus  are  numer- 
ous fibres  which  collectively  constitute  the  peduncle  of  the  olive.  (6)  The  medial 
accessory  olivary  nucleus  lies  between  the  inferior  olivary  nucleus  and  the  pyramid, 
and  forms  a  curved  lamina,  the  concavity  of  which  is  directed  laterally.  The 
fibres  of  the  hypoglossal  nerve,  as  they  traverse  the  medulla,  pass*  between  the 
medial  accessory  and  the  inferior  olivary  nuclei,  (c)  The  dorsal  accessory  olivary 
nucleus  is  the  smallest^  and  appears  on  transverse  section  as  a  curved  lamina 
behind  the  inferior  olivary  nucleus. 
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Cervical  nerves 
Fig.  707. — Nuclei  of  origin  of  cerebral  motor  nerves  schematically  represented;  lateral  view. 

The  inferior  olivary  nucleus  is  connected  (1)  with  that  of  the  opposite  side 
by  fibres  which  cross  through  the  raph6;  (2)  with  the  anterior  column  of  the  same 
side  of  the  medulla  spinalis  by  the  spinodllvary  fasciculus;  (3)  with  the  thalamus 
of  the  cerebrum  by  the  cerebro51ivary  fasciculus  which  passes  through  the  pons 
and  tegmentum;  (4)  with  the  opposite  cerebellar  hemisphere  by  the  cerebello- 
oiivary  fasciculus,  the  fibres  of  which  cross  the  raphe  and  turn  backward  to  enter 
the  deep  part  of  the  restiform  body.  Removal  of  one  cerebellar  hemisphere  is 
followed  by  atrophy  of  the  opposite  olivary  nucleus. 

6.  The  nucleus  arcuatus  is  described  below  with  the  anterior  external  arcuate 
fibres. 

Restiform  Bodies  (corpus  resti formes). — ^The  position  of  the  restiform  bodies  has 
already  been  described  (page  825).     Each  comprises:     (1)  the  cerebellospinal 
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fasciculus,  which  ascends  from  the  lateral  funiculus  of  the  medulla  spinalis;  (2) 
descending  cerebellar  fibres,  many  of  which  are  disseminated  throughout  the  per- 
ipheral part  of  the  anterior  and  lateral  funiculi  of  the  medulla  spinalis,  while  others 
are  conducted  to  the  motor  nuclei  of  the  cerebral  nerves;  and  (3)  the  arcuate  fibres, 
which  are  arranged  in  three  sets,  viz.,  internal,  and  anterior  and  posterior  external. 
The  internal  arcuate  fibres  form  the  deeper  and  larger  part  of  the  restiform 
body.  They  decussate  in  the  middle  line  of  the  medulla  oblongata,  and  having 
reached  the  opposite  side,  terminate  partly  in  the  gracile  and  cuneate  nuclei, 
while  many  of  them  enter  the  hilus  of  the  inferior  olivary  nucleus,  and  constitute 
the  cerebelloolivary  tract  already  described  (Fig.  709). 


Semory  toot  o}  I 
iitmiivnar  gang         [ 


I.  708.— Prim«iy  lermina]  d 


The  anterior  external  arcuate  fibres  vary  as  to  their  prominence  in  different  cases: 
in  some  they  form  an  almost  continuous  layer  covering  the  pyramid  and  olive, 
while  in  others  they  are  barely  visible  on  the  surface.  They  arise  from  the  cells 
of  the  gracile  and  cuneate  nuclei,  and  passing  forward  through  the  formatio  reticu- 
laris, decussate  in  the  middle  line.  Most  of  them  reach  the  surface  by  way  of  the 
anterior  median  fissure,  and  arch  backward  over  the  pyramid.  Reinforced  by 
others  which  emerge  between  the  pyramid  and  olive,  they  pass  backward  over 
the  olive  and  lateral  district  of  the  medulla  oblongata,  and  enter  the  restiform 
body.  They  thus  connect  the  cerebellum  with  the  gracile  and  cuneate  nuclei  of 
the  opposite  side.  As  the  fibres  arch  across  the  pyramid,  they  enclose  a  small 
nucleus  which  lies  in  front  of  and  medial  to  the  pyramid.  This  is  named  the  noelens 
arcaatos,  and  is  serially  continuous  above  with  the  nuclei  pontis  in  the  pons;  it 
contains  small  fusiform  cells,  around  which  some  of  the  arcuate  fibres  end,  and 
from  which  others  arise. 


The  posterior  external  arcuate  fibres  also  take  origin  in  the  gracile  and  cuneate 
nuclei;  they  pass  to  the  restiform  body  of  the  same  side. 
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Formatio  Reticnlaiis  (Fig.  710). — This  term  is  applied  to  the  coarse  reticulum 
which  occupies  the  anterior  and  lateral  districts  of  the  medulla  oblongata.    It 
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is  situated  behind  the  pyramid  and  olive,  extending  laterally  as  far  as  the  restiform 
bodies,  and  dorsally  to  within  a  short  distance  of  the  rhomboid  fossa.  The  retieulimi 
is  caused  by  the  intersection  of  bundles  of  fibres  running  at  right  angles  to  each 
other,  some  being  longitudinal,  others  more  or  less  transverse  in  direction.  The 
formatio  reticularis  presents  a  diflFerent  appearance  in  the  anterior  district  from 
what  it  does  in  the  lateral;  in  the  former,  there  is  an  almost  entire  absence  of  nerve 
cells,  and  hence  this  part  is  known  as  the  reticularis  alba;  whereas  in  the  lateral 
district  nerve  cells  are  numerous,  and  as  a  consequence  it  presents  a  gray  appear- 
ance, and  is  termed  the  reticularis  grisea. 

In  the  substance  of  the  formatio  reticularis  are  two  small  nuclei  of  gray  matter: 
one,  the  inferior  central  nucleua  {nucleus  of  Roller),  near  the  dorsal  aspect  of  the  hilus 
of  the  inferior  olivary  nucleus;  the  other,  the  nucleua  lateralis,  between  the  olive 
and  the  spinal  tract  of  the  trigeminal  nerve. 

In  the  reticularis  alba  the  longitudinal  fibres  form  two  well-defined  fasciculi, 
viz.:  (1)  the  lemniscus,  which  lies  close  to  the  raph6,  inunediately  behind  the 
fibres  of  the  pyramid;  and  (2)  the  medial  lonjj^itudinal  fasciculus,  which  is  continued 
upward  from  the  anterior  and  lateral  proper  fasciculi  of  the  medulla  spinalis,  and, 
in  the  upper  part  of  the  medulla  oblongata,  lies  between  the  lemniscus  and  the  gray 
substance  of  the  rhomboid  fossa.  The  longitudinal  fibres  in  the  reticularis  grisea 
are  derived  from  the  lateral  funiculus  of  the  medulla  spinalis  after  the  lateral 
cerebrospinal  fasciculus  has  passed  over  to  the  opposite  side,  and  the  cerebello- 
spinal fasciculus  has  entered  the  restiform  body.  They  form  indeterminate  fibres, 
with  the  exception  of  a  bundle  named  the  fasciculus  solitarius,  which  is  made 
up  of  descending  fibres  of  the  vagus  and  glossopharyngeal  nerves.  The  trans- 
verse fibres  of  the  formatio  reticularis  are  the  arcuate  fibres  already  described 
(page  831). 

i^n^ed  Anatomy. — In  bulbar  paralysiSf  i.  e.y  paralysis  of  the  medulla  oblongata,  which  is 
really  a  special  form  of  a  progressive  degeneration  affecting  the  whole  efferent  or  motor  tract, 
the  disease  begins  with  impairment  of  the  movements  of  the  lips,  tongue,  pharynx,  and  larynx, 
due  to  degeneration  of  the  motor  cells  in  the  nuclei  of  the  medulla  oblongata.  Speech  and  swallow- 
ing become  difficult,  and  the  saliva  dribbles  from  the  open  mouth.  Other  groups  of  muscles 
soon  become  involved,  and  death  often  occurs  from  ^'aspiration  pneumonia,"  set  up  by  food 
that  has  accidentally  passed  down  the  trachea. 

The  Pons  (pons  Varoli).  —  The  pons  or  forepart  of  the  rhombencephalon  is 
situated  in  front  of  the  cerebellum.  From  its  superior  surface  the  cerebral  peduncles 
emerge,  one  on  either  side  of  the  middle  line.  Curving  around  each  peduncle,  close 
to  the  upper  surface  of  the  pons,  a  thin  white  band,  the  taenia  pontis,  is  frequently 
seen;  it  enters  the  cerebellum  between  the  brachium  pontis  and  brachium  conjunc- 
tivum.  Behind  and  below,  the  pons  is  continuous  with  the  medulla  oblongata, 
but  is  separated  from  it  in  front  by  a  furrow  in  which  the  abducent,  facial,  and 
acoustic  nerves  appear. 

Its  ventral  or  anterior  surface  (pars  ha^laris  pontis)  is  very  prominent,  markedly 
convex  from  side  to  side,  less  so  from  above  downward.  It  consists  of  transverse 
fibres  arched  like  a  bridge  across  the  middle  line,  and  gathered  on  either  side  into 
a  compact  mass  which  forms  the  brachium  pontis.  It  rests  upon  the  clivus  of  the 
sphenoidal  bone,  and  is  limited  above  and  below  by  well-defined  borders.  In  the 
middle  line  is  the  sulcus  basilaris  for  the  lodgement  of  the  basilar  artery;  this  sulcus 
is  bounded  on  either  side  by  an  eminence  caused  by  the  descent  of  the  cerebrospinal 
fibres  through  the  substance  of  the  pons.  Outside  these  eminences,  near  the  upper 
border  of  the  pons,  the  trigeminal  nerves  make  their  exit,  each  consisting  of  a 
smaller,  medial,  motor  root,  and  a  larger,  lateral,  sensory  root;  vertical  lines 
drawn  immediately  beyond  the  trigeminal  nerves,  may  be  taken  as  the  boundaries 
between  the  ventral  surface  of  the  pons  and  the  brachia  pontis. 
53 
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Its  dorsal  or  posterior  surface  (pars  dorsalis  poniia),  triangular  in  shape,  is  hidden 
by  the  cerebellum,  and  is  bounded  laterally  by  the  brachia  conjunctiva;  it  forms 
the  upper  part  of  the  rhomboid  fossa,  with  which  it  will  be  described. 

Structure  (Fig,  711).— Transverse  sections  of  the  pons  show  it  to  be  composed 
of  two  parts  which  differ  in  appearance  and  structure:  thus,  the  basilar  or  ventral 
portion  consists  for  the  most  part  of  fibres  arranged  in  transverse  and  longitudinal 
bundles,  together  with  a  small  amount  of  gray  substance ;  while  the  dorsal  tegmental 
portion  is  a  continuation  of  the  reticular  formation  of  the  medulla  oblongata, 
and  most  of  its  constituents  are  continued  into  the  tegmenta  of  the  cerebral 
peduncles. 


Fia.  711. — Corona]  Bction  o[  the  pom,  at  iu  uppar  put.  (T«tut.)  I.  Fourth  vsntricle:  ita  cpendynu  in  yellow. 
2.  Anteriarmedullaiy  velum,  vilh2',  itowhiisBUslum,  aad2".itsaraynrittuin,  3.  Mesemiepbiilionwloftiinnuiisl. 
4.  Narro  cella  awMiatad  with  this  root.  6.  Medial  lonfitudiaar  (aaoieulua.  6.  FornuUo  retioularia.  7.  L*t«ral 
■ukua.  3.  SectiOD  o[  brubium  coniiiDctivuni.  B,  Medial  lenuuHUI.  V.  Lstsral  lemiiiacui,  10,  10.  Traurenc 
Gbrea  of  pona.    11,  II.  Cerebrospin^  fasciculi.    12.  Eaph«.    V.  Triieminal. 

The  basilar  part  of  the  pons  consists  of— (a)  superficial  and  deep  transverse 
fibres,  (b)  longitudinal  fasciculi,  and  (c)  some  small  nuclei  of  gray  substance, 
termed  the  nuclei  pontis. 

The  snperflcial  transverse  fibres  {fibrae  pontis  superfhiales)  constitute  a  rather 
thick  layer  on  the  ventral  surface  of  the  pons,  and  are  collected  into  a  large 
rounded  bundle  on  either  side  of  the  middle  line.  This  bundle,  with  the  addition 
of  some  transverse  fibres  from  the  deeper  part  of  the  pons,  forms  the  greater  part 
of  the  brachium  pontis. 

The  deep  transverse  fibres  (fibrae  pontis  profundue)  partly  intersect  and  partly 
lie  on  the  dorsal  aspect  of  the  cerebrospinal  fibres.  They  course  to  the  lateral 
border  of  the  pons,  and  form  part  of  the  brachium  pontis;  the  further  connections 
of  this  brachium  will  be  discussed  with  the  anatomy  of  the  cerebellum. 

The  longitudinal  faaciculi  (fasciculi  hmgitndinales)  are  derived  from  the  cerebral 
peduncles,  and  enter  the  upper  surface  of  the  pons.  They  stream  downward  on 
either  side  of  the  middle  line  in  larger  or  smaller  bundles,  separated  from  each 
other  by  the  deep  transverse  fibres;  these  longitudinal  bundles  cause  a  forward 
projection  of  the  superficial  transverse  fibres,  and  thus  give  rise  to  the  eminences 
on  the  anterior  surface.    Some  of  these  fibres  end  in  the  nuclei  pontis,  and  others. 
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after  decussating,  in  the  motor  nuclei  of  the  trigeminal,  abducent,  facial,  and  hypo- 
glossal nerves ;  but  most  of  them  are  carried  through  the  pons,  and  at  its  lower  surface 
are  collected  into  the  pyramids  of  the  medulla.  The  fibres  which  end  in  the  motor 
nuclei  of  the  cerebral  nerves  are  derived  from  the  cells  of  the  cerebral  cortex,  and 
bear  the  same  relation  to  the  motor  cells  of  the  cerebral  nerves  that  the  cerebro- 
spinal fibres  bear  to  the  motor  cells  in  the  anterior  column  of  the  medulla  spinalis. 

The  nuclei  pontis  are  serially  continuous  with  the  arcuate  nuclei  in  the  medulla, 
and  consist  of  small  groups  of  multipolar  nerve  cells  which  are  scattered  between 
the  bundles  of  transverse  fibres. 

The  dorsal  or  tegmental  part  of  the  pons  is  chiefiy  composed  of  an  upward  con- 
tinuation of  the  reticular  formation  and  gray  substance  of  the  medulla  oblongata. 
It  consists  of  transverse  and  longitudinal  fibres  and  also  contains  important  gray 
nuclei,  and  is  subdivided  by  a  median  raphe,  which,  however,  does  not  extend  into 
the  basilar  part,  being  obliterated  by  the  transverse  fibres.  The  transverse  fibres 
in  the  lower  part  of  the  pons  are  collected  into  a  distinct  strand,  named  the 
trapeioid  body.  This  consists  of  fibres  which  arise  from  the  cells  of  the  ventral  or 
accessory  acoustic  nucleus,  and  will  be  referred  to  in  connection  with  the  cochlear 
division  of  the  acoustic  nerve.  In  the  substance  of  the  trapezoid  body  is  a  collec- 
tion of  nerve  cells,  which  constitutes  the  trapeioid  nucleua.  The  longitudinal  fibres, 
which  are  continuous  with  those  of  the  medulla  oblongata,  are  mostly  collected 
into  two  fasciculi  on  either  side.  One  of  these  lies  between  the  trapezoid  body 
and  the  reticular  formation,  and  forms  the  upward  prolongation  of  the  lemniscus; 
the  second  is  situated  near  the  floor  of  the  fourth  ventricle,  and  is  the  medial 
longitudinal  fasciculus.  Other  longitudinal  fibres,  more  diffusely  distributed,  arise 
from  the  cells  of  the  gray  substance  of  the  pons. 

The  rest  of  the  dorsal  part  of  the  pons  is  a  continuation  upward  of  the  formatio 
reticularis  of  the  medulla  oblongata,  and,  like  it,  presents  the  appearance  of  a  net- 
work, in  the  meshes  of  which  are  numerous  nerve  cells.  Besides  these  scattered 
nerve  cells,  there  are  some  larger  masses  of  gray  substance,  viz.,  the  superior 
olivary  nucleus  and  the  nuclei  of  the  trigeminal,  abducent,  facial,  and  acoustic 
nerves  (Fig,  706). 

1.  The  superior  olivary  nucleus  (nucleus  olivaris  superior)  is  a  small  mass  of  gray 
substance  situated  on  the  dorsal  surface  of  the  lateral  part  of  the  trapezoid  body. 
Rudimentary  in  man,  but  well  developed  in  certain  animals,  it  exhibits  the  same 
structure  as  the  inferior  olivary  nucleus,  and  is  situated  immediately  above  it. 
Some  of  the  fibres  of  the  trapezoid  body  end  by  arborizing  around  the  cells  of 
this  nucleus,  while  others  arise  from  these  cells. 

2.  The  nuclei  of  the  trigeminal  nerve  {nudei  n.  trigemini)  in  the  pons  are  two  in 
number:  a  motor  and  a  sensory.  The  motor  nucleus  is  situated  in  the  upper  part  of 
the  pons,  close  to  its  posterior  surface  and  along  the  line  of  the  lateral  margin  of  the 
fourth  ventricle.  The  axis-cylinder  processes  of  its  cells  form  a  portion  of  the  motor 
root  of  the  trigeminal  nerve :  the  remaining  fibres  of  the  motor  root  of  this  nerve  con- 
sist of  a  fasciculus  which  arises  from  the  gray  substance  of  the  floor  of  the  cerebral 
aqueduct,  and  hence  is  named  the  mesencephalic  root.  The  sensory  nucleus  is  lateral 
to  the  motor  one,  and  beneath  the  brachium  conjunctivum.  Some  of  the  sensory 
fibres  of  the  trigeminal  nerv^e  end  in  this  nucleus;  but  the  greater  number  descend, 
under  the  name  of  the  spinal  tract  of  the  trigeminal  nerve,  to  end  in  the  substantia 
gelatinosa  of  Rolando.  The  roots,  motor  and  sensory,  of  the  trigeminal  nerve 
pass  through  the  substance  of  the  pons  and  emerge  near  the  upper  margin  of  its 
anterior  surface. 

3.  The  nucleus  of  the  abducent  nerve  (nucleus  n.  abduceniis)  is  a  circular  mass  of 
gray  substance  situated  close  to  the  floor  of  the  fourth  ventricle,  above  the  striae 
medullares  and  subjacent  to  the  medial  eminence:  it  lies  a  little  lateral  to  the 
ascending  part  of  the  facial  nerve.    The  fibres  of  the  abducent  nerve  pass  forward 
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through  the  entire  thickness  of  the  pons  on  the  medial  side  of  the  superior  olivary 
nucleus,  and  between  the  lateral  fasciculi  of  the  cerebrospinal  fibres,  and  emerge 
in  the  furrow  between  the  lower  border  of  the  pons  and  the  pyramid  of  the 
medulla  oblongata. 

4.  The  nucleua  of  the  facial  nerve  {nucleus  n.  fascialis)  is  situated  deeply  in  the 
reticular  formation  of  the  pons,  on  the  dorsal  aspect  of  the  superior  olivary  nucleus, 
and  the  roots  of  the  nerve  derived  from  it  pursue  a  remarkably  tortuous  course  in 
the  substance  of  the  pons.  At  first  they  pass  backward  and  medialward  until  they 
reach  the  rhomboid  fossa,  close  to  the  median  sulcus,  where  they  are  collected  into 
a  round  bundle;  this  passes  upward  and  forward,  producing  an  elevation,  the 
coUiculus  facialis,  in  the  rhomboid  fossa,  and  then  takes  a  sharp  bend,  and  arches 
lateralward  through  the  substance  of  the  pons  to  emerge  at  its  lower  border  in 
the  interval  between  the  olive  and  the  restiform  body  of  the  medulla  oblongata. 

5.  The  nuclei  of  the  acoustic  nerve  (nuclei  n.  acustici)  consists  of  a  cochlear  and  a 
vestibular  division.  The  fibres  of  the  cochlear  division  end  in  two  nuclei :  (a)  the 
lateral  cochlear  nucleus,  corresponding  to  the  tuberculum  acusticum  on  the  dorso- 
lateral surface  of  the  restiform  body;  and  (b)  the  ventral  or  accessory  cochlear 
nucleus,  placed  between  the  two  divisions  of  the  nerve,  on  the  ventral  aspect  of 
the  restiform  body.  The  nuclei  in  which  the  vestibular  division  ends  are  (a)  the 
dorsal  or  chief  vestibular  nucleus,  corresponding  to  the  lower  part  of  the  area 
acustica  in  the  rhomboid  fossa;  the  caudal  end  of  this  nucleus  is  sometimes 
termed  the  descending  or  spinal  vestibular  nucleus;  (b)  the  nucleus  of  Deiters,  con- 
sisting of  large  cells  and  situated  in  the  lateral  angle  of  the  rhomboid  fossa;  the 
dorso-lateral  part  of  this  nucleus  is  sometimes  termed  the  nucleus  of  Bechterew. 

Applied  Anatomy. — Injury  to  the  pons,  such  as  may  occur  on  the  occlusion  or  rupture  of  one 
of  its  bloodvessels,  often  gives  rise  to  a  special  train  of  symptoms  that  is  almost  diagnostic.  Pon- 
tine lesions  are  characterized  mainly  by  ''alternate  paralyses ;''  that  is  to  say,  by  paralysis  of 
one  of  the  motor  cerebral  nerves  on  one  side,  and  of  the  limbs  on  the  other  side  of  the  body.  Thus 
a  hemorrhage  into  the  lower  part  of  the  pons  might  cause  paralysis  of  the  face,  laioer  segment 
paralysiSf  on  the  same  side,  from  destruction  of  the  facial  nucleus  or  nerv^e  root,  and  paralysis 
of  the  arm  and  leg  on  the  opposite  side  from  injury  to  the  adjacent  cerebrospinal  tract.  In  the 
same  way,  paralysis  of  the  Rectus  lateralis  of  one  eye  and  of  the  Rectus  medialis  of  the  other, 
conjugate  paralysiSf  of  the  muscles  tiuning  the  two  eyes  in  one  direction,  and  often  paral]^  of 
one  side  of  the  face  as  well,  together  with  palsy  of  the  limbs  on  the  opposite  side  of  the  body, 
may  be  found  when  the  lesion  occurs  about  the  nucleus  of  the  abducent  nerve.  Hearing  is  often 
unaffected  in  pontine  lesions,  possibly  because  the  central  acoustic  tract  occupies  a  ventral  and 
lateral  position  in  the  pons. 

The  Cerebellum. — The  cerebellum  constitutes  the  largest  part  of  the  hind- 
brain.  It  lies  behind  the  pons  and  medulla  oblongata;  between  its  central  portion 
and  these  structures  is  the  cavity  of  the  fourth  ventricle.  It  rests  on  the  inferior 
occipital  fossae,  while  above  it  is  the  tentorium  cerebelli,  a  fold  of  dura  mater 
which  separates  it  from  the  tentorial  surface  of  the  cerebrum.  It  is  somewhat 
oval  in  form,  but  constricted  medially  and  flattened  from  above  downward,  its 
greatest  diameter  being  from  side  to  side.  Its  surface  is  not  convoluted  like  that 
of  the  cerebrum,  but  is  traversed  by  numerous  curved  furrows  or  sulci,  which 
vary  in  depth  at  different  parts,  and  separate  the  laminae  of  which  it  is  composed. 
Its  average  weight  in  the  male  is  about  150  gms.  In  the  adult  the  proportion 
between  the  cerebellum  and  qerebrum  is  about  1  to  8,  in  the  infant  about  1  to  20. 

Lobes  of  the  Cerebellum. — ^The  cerebellum  consists  of  three  parts,  a  median  and 
two  lateral,  which  are  continuous  with  each  other,  and  are  substantially  the  same 
in  structure.  The  median  portion  is  constricted,  and  is  called  the  vermis,  from  its 
annulated  appearance  which  it  owes  to  the  transverse  ridges  and  furrows  upon  it; 
the  lateral  expanded  portions  are  named  the  hemispheres.  On  the  upper  surface 
of  the  cerebellum  the  vermis  is  elevated  above  the  level  of  the  hemispheres,  but 
on  the  under  surface  it  is  sunk  almost  out  of  sight  in  the  bottom  of  a  deep  depres- 
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sion  between  them;  this  depression  is  called  the  Talloonla  cerebeUi,  and  lodges  the 
posterior  part  of  the  medulla  oblongata.  The  part  of  the  vermis  on  the  upper 
surfaee  of  the  cerebellum  is  named  the  snperioi  Tsrmis;  that  on  the  lower  surface, 
the  interior  Tennis.  The  hemispheres  are  separated  below  and  behind  by  a  deep 
notch,  the  posterior  cerebellar  notch,  and  in  front  by  a  broader  shallower  notch, 
the  anterior  cerebellar  notch.  The  anterior  notch  lies  close  to  the  pons  and  upper 
part  of  the  medulla,  and  its  superior  edge  encircles  the  inferior  coUiculi  and  the 
brachia  conjunctiva  cerebeUi.  The  posterior  notch  contains  the  upper  part  of  the 
falx  cerebeUi,  a  fold  of  dura  mater. 

The  cerebellum  is  characterized  by  its  laminated  or  foliated  appearance;  it  is 
marked  by  deep,  somewhat  curved  fissures,  which  extend  for  a  considerable  dis- 
tance into  its  substance,  and  divide  it  into  a  series  of  layers  or  leaves.  The  largest 
and  deepest  fissure  is  named  the  horlcraital  sulens.  It  commences  in  front  of  the 
pons,  and  passes  horizontally  around  the  free  margin  of  the  hemisphere  to  the 
middle  line  behind,  and  divides  the  cerebellum  into  an  upper  and  a  lower  portion. 
Several  secondary  but  deep  fissures  separate  the  cerebellum  into  lobes,  and  these 
■  are  further  subdivided  by  shallower  sulci,  which  separate  the  individual  folia  or 
laminae  from  each  other.  Sections  across  the  laminie  show  that  the  folia,  though 
differing  in  appearance  from  the  convolutions  of  the  cerebrum,  are  analogous 
to  them,  inasmuch  as  they  consist  of  central  white  substance  covered  by  gray 
substance. 

Ala  icbvli  cenlralia  Pracliial  fif  avre 


Fio.  TIZ.— Upper  Buifaw  of  the  oerelHllum.     (SchAIar.) 

The  cerebellum  is  connected  to  the  cerebrum,  pons,  and  medulla  oblongata;  ) 
to  the  cerebrum  by  the  brachia  conjunctiva,  to  the  pons  by  the  brachia  pontis, 
and  to  the  medulla  oblongata  by  the  restiform  bodies. 

The  upper  surface  of  the  cerebellnm  (Fig.  712)  is  elevated  in  the  middle  and  sloped 
toward  the  circumference,  the  hemispheres  being  connected  together  by  the  supe- 
rior vermis,  which  assumes  the  form  of  a  raised  median  ridge,  most  prominent 
in  front,  but  not  sharply  defined  from  the  hemispheres.  The  superior  vermis  is 
subdivided  from  before  backward  into  the  lingula,  the  lobulus  centralis,  the  mon- 
ticulus  and  the  folium  vermis,  and  each  of  these,  with  the  exception  of  the  lingula, 
is  continuous  with  the  corresponding  parts  of  the  hemispheres — the  lobulus 
centralis  with  the  alae,  the  monticulus  with  the  quadrangular  lobules,  and  the 
folium  vermis  with  the  superior  semilunar  lobules. 

The  lin^a  {lingula  cerebeUi)  is  a  small  tongue-shaped  process,  consisting  of 
four  or  five  folia;  it  lies  in  front  of  the  lobulus  centralis,  and  is  concealed  by  it, 
Anteriorly,  it  rests  on  the  dorsal  surface  of  the  anterior  medullary  velum,  and  its 
white  substance  is  continuous  with  that  of  the  velum. 
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The  Lobnlus  Centralis  uid  AIm. — The  lobnlus  centrftlis  is  a  small  square  lobule, 
situated  in  the  anterior  cerebellar  notch.  It  overlaps  the  lingula,  from  which  it 
is  separated  by  the  preeentral  flssuie;  laterally,  it  extends  along  the  upper  and 
anterior  part  of  each  hemisphere,  where  it  forms  a  wing-like  prolongation,  the  aU 
lobnli  centralis. 

The  Monticiiliu  and  Quadranjnlar  Lobules. — The  monticulus  is  the  largest  part 
of  the  superior  vermis.  Anteriorly,  it  overlaps  the  lobulus  centralis,  from  which 
it  is  separated  by  the  postcentral  flssnre ;  laterally,  it  is  continuous  with  the  Quad- 
rangular lobule  in  the  hemispheres.  It  is  divided  by  the  precliTal  flssnre  into  an 
anterior,  raised  part,  the  colmen  or  summit,  and  a  posterior  sloped  part,  the  cliTiu; 
the  quadrangular  lobule  is  similarly  divided.  The  culmen  and  the  anterior  parts 
of  the  quadrangular  lobules  form  the  tobns  colminis;  the  clivus  and  the  posterior 
parts,  the  lebns  clivi. 

The  Folium  Vermis  and  Superior  Semilunar  Lobnle. — ^The  folium  vermis  (foliitm 
cacuminia;  cacuminal  lobe)  is  a  short,  narrow,  concealed  band  at  the  posterior 
extremity  of  the  vermis,  consisting  apparently  of  a  single  folium,  but  in  reality 
marked  on  its  upper  and  under  surfaces  by  secondary  fissures.  Laterally,  it 
elands  in  either  hemisphere  into  a  considerable  lobule,  the  superior  semi  lunar 
lobnle  {hbulv^  semilunaris  superior;  poatero-superior  lobules),  which  occupies  the 
posterior  third  of  the  upper  surface  of  the  hemisphere,  and  is  bounded  below  by 
the  horisontal  sulcus.  The  superior  semilunar  lobules  and  the  folium  vermis  form 
the  lobus  semilunaris. 


Fio.  713.— UnJer  aurffiM  of  Ihe  oerobeUura.     (SchWsr.) 

The  under  snrtace  of  the  eerebellom  (Fig.  713)  presents,  in  the  middle  line,  the 
Inferior  vernds,  buried  in  the  vallecula,  and  separated  from  the  hemisphere  on  either 
side  by  a  deep  groove,  the  sulcus  vallecnla.  Here,  as  on  the  upper  surface,  there 
are  deep  fissures,  dividing  it  into  separate  segments  or  lobules;  but  the  arrangement 
is  more  complicated,  and  the  relation  of  the  segments  of  the  vermis  to  those  of  the 
hemispheres  is  less  clearly  marked  The  inferior  vermis  is  subdivided  from  before 
backward,  into  (I)  the  nodule,  (2)  the  uvula,  (8)  the  pyramid,  and  (4)  the  tuber 
vermis;  the  corresponding  parts  on  the  hemispheres  are  (1)  the  flocculus,  (2)  the 
tonsilla  cerebelli,  {'.))  the  biventral  lobnle,  and  (4)  the  interior  semilunar  lobnle.  The 
three  main  fi.ssurcs  are  (1)  the  postnodular  flssnre,  which  runs  transversely  across 
the  vermis,  between  the  nodule  and  the  uvula.  In  the  hemispheres  this  fissure 
passes  in  front  of  the  tonsil,  crosses  between  the  flocculus  in  front  and  the  biventral 
lobule  behind,  and  joins  the  anterior  end  of  the  horizontal  sulcus.     (2)  The  pre- 
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pyramidal  fissure  crosses  the  vermis  between  the  uvula  ia  front  and  the  pyramid 
behind,  then  curves  forward  between  the  tonsil  and  the  biventral  lobe,  to  join 
the  postnodular  fissure.  (3)  The  postpyramidal  fissure  passes  across  the  vermis 
between  the  pyramid  and  the  tuber  vermis,  and,  in  the  hemispheres,  courses 
behind  the  tonsil  and  biventral  lobules,  and  then  along  the  lateral  border  of  the 
biventral  lobule  to  the  postnodular  sulcus;  in  the  hemisphere  it  forms  the  anterior 
boundary  of  the  inferior  semilunar  lobule. 

The  Nodule  and  Flocculus. — ^The  nodule  {nodulus  vermis;  nodular  lobe),  or  anterior 
end  of  the  inferior  vermis,  abuts  against  the  roof  of  the  fourth  ventricle,  and  can 
only  be  distinctly  seen  after  the  cerebellum  has  been  separated  from  the  medulla 
oblongata  and  pons.  On  either  side  of  the  nodule  is  a  thin  layer  of  white  sub- 
stance, named  the  posterior  medullary  velum.  It  is  semilunar  in  form,  its  convex 
border  being  continuous  with  the  white  substance  of  the  cerebelluin;  it  extends 
on  either  side  as  far  as  the  flocculus.  The  flocculus  is  a  prominent,  irregular 
lobule,  situated  in  front  of  the  biventral  lobule,  between  it  and  the  brachium 
pontis  cerebelli.  It  is  subdivided  into  a  few  small  laminae,  and  is  connected  to 
the  inferior  medullary  velum  by  its  central  white  core.  The  flocculi,  together 
with  the  posterior  medullary  velum  and  nodule,  constitute  the  lobus  noduli. 

The  Uvula  and  Tonsilla. — ^The  uvula  (uvula  vermis;  uvular  lobe)  forms  a  consid- 
erable portion  of  the  inferior  vermis;  it  is  separated  on  either  side  from  the  tonsil 
by  the  sulcus  valleculsB,  at  the  bottom  of  which  it  is  .connected  to  the  tonsil  by  a 
ridge  of  gray  matter,  indented  on  its  surface  by  shallow  furrows,  and  hence  called 
the  furrowed  band.  The  tonsilla  (tonsilla  cerebelli;  amygdaJine  nuxilev^)  is  a  rounded 
mass,  situated  in  the  hemispheres.  Each  lies  in  a  deep  fossa,  termed  the  bird's 
nest  (nidus  avis),  between  the  uvula  and  the  biventral  lobule.  The  uvula  and  ton- 
sillse  form  the  lobus  uvulto. 

The  Pyramid  and  Biventral  lobules  constitute  the  lobus  pyramidis.  The  pyramid 
is  a  conical  projection,  forming  the  largest  prominence  of  the  inferior  vermis. 
It  is  separated  from  the  hemispheres  by  the  sulcus  valleculae,  across  which  it  is 
connected  to  the  biventral  lobule  by  an  indistinct  gray  band,  analogous  to  the 
furrowed  band  already  described.  The  biventral  lobule  is  triangular  in  shape; 
its  apex  points  backward,  and  is  joined  by  the  gray  band  to  the  pyramid.  The 
lateral  border  is  separated  from  the  inferior  semilunar  lobule  by  the  postpyramidal 
fissure.  The  base  is  directed  forward,  and  is  on  a  line  with  the  anterior  border  of 
the  tonsil,  and  is  separated  from  the  flocculus  by  the  postnodular  fissure. 

The  Tuber  Vermis  (tuber  vahulae)  and  the  Inferior  Semilunar  Lobule  (lohulus  semi- 
lunaris inferior;  postero-superior  lobule)  collectively  form  the  lobus  tuberus  (iuberae 
lobe).  The  tuber  vermis,  the  most  posterior  division  of  the  inferior  vermis,  is  of 
small  size,  and  laterally  spreads  out  into  the  large  inferior  semilunar  lobules, 
which  comprise  at  least  two-thirds  of  the  inferior  surface  of  the  hemisphere. 

Ibitemal  Structure  of  the  Cerebellum. — ^The  cerebellum  consists  of  white. and  gray 
substance. 

White  Substance. — If  a  sagittal  section  (Fig.  714)  be  made  through  either  hem- 
isphere, the  interior  will  be  found  to  consist  of  a  <;entral  stem  of  white  substance, 
in  the  middle  of  which  is  a  gray  mass,  the  dentate  nucleus.  From  the  surface  of  this 
central  white  stem  a  series  of  plates  are  prolonged;  these  are  covered  with  gray 
substance  and  form  the  laminae.  In  consequence  of  the  main  branches  from  the 
central  stem  dividing  and  subdividing,  a  characteristic  appearance,  named  the 
arbor  vitae,  is  presented.  If  the  sagittal  section  be  made  through  the  middle  of 
the  vermis,  it  will  be  found  that  the  central  stem  divides  into  a  vertical  and  a  hor- 
izontal branch.  The  vertical  branch  passes  upward  to  the  culmen  monticuli, 
where  it  subdivides  freely,  one  of  its  ramifications  passing  forward  and  upward 
to  the  central  lobule.  The  horizontal  branch  passes  backward  to  the  folium  vermis, 
greatly  diminished  in  size  in  consequence  of  having  given  oflF  large  secondary 
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branches;  one,  from  its  upper  surface,  ascends  to  the  clivus  monticuli;  the  others 
descend,  and  enter  the  lobes  in  the  inferior  vermis,  viz.,  the  tuber  vermis,  the 
pyramid,  the  uvula,  and  the  nodule. 


Fourth  venlricU 
miiirith  thehemiivhere.    (ScUltr.} 


Brachium  conjunciivt 


Acciuftic 
P'jf 


(After  E.  B.  Jan 


The  white  substance  of  tlie  cerebellum  includes  two  sets  of  nerve  fibres:  (1) 
projectiqii  fibres,  (2)  flbrae  propriae. 

Projection  Fibres. — The  cerebellum  is  connected  to  the  other  parts  of  the  brain 
by  three  large  bundles  of  projection  fibre.s,  viz.,  to  the  cerebrum  by  the  brachia 
conjunctiva,  to  the  pons  by  the  brachia  pontis,  and  to  the  medulla  oblongata 
by  the  restiform  bodies  (Fig.  715). 
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The  brachia  conjunctiya  (superior  cerebellar  peduncles),  two  in  number,  emerge 
from  the  upper  and  medial  part  of  the  white  substance  of  the  hemispheres  and 
are  placed  under  cover  of  the  upper  part  of  the  cerebellum.  They  are  joined  to  each 
other  across  the  middle  line  by  the  anterior  medullary  velum,  and  can  be  followed 
upward  as  far  as  the  inferior  colliculi,  under  which  they  disappear.  Below,  they 
form  the  upper  lateral  boundaries  of  the  fourth  ventricle,  but  as  they  ascend  they 
converge  on  the  dorsal  aspect  of  the  ventricle  and  thus  assist  in  roofing  it  in. 

The  fibres  of  the  brachium  conjunctivum  are  mainly  derived  from  the  cells 
of  the  dentate  nucleus  of  the  cerebellum  and  emerge  from  the  hilus  of  this  nucleus; 
a  few  arise  from  the  cells  of  the  smaller  gray  nuclei  in  the  cerebellar  white  sub- 
stance, and  others  from  the  cells  of  the  cerebellar  cortex.  They  are  continued 
upward  beneath  the  corpora  quadrigemina,  and  the  fibres  of  the  two  brachia  under- 
go a  complete  decussation  ventral  to  the  Sylvian  aqueduct.  Having  crossed  the 
middle  line  they  divide  into  ascending  and  descending  groups  of  fibres,  the  former 
ending  in  the  red  nucleus,  the  thalamus,  and  the  nucleus  of  the  oculomotor  nerve, 
while  the  descending  fibres  can  be  traced  as  far  as  the  dorsal  part  of  the  pons; 
Cajal  believes  them  to  be  continued  into  the  anterior  funiculus  of  the  medulla 
spinalis. 

As  already  stated  (page  816),  the  majority  of  the  fibres  of  the  superficial  antero- 
lateral fasciculi  of  the  medulla  spinalis  pass  to  the  cerebellum,  which  they  reach 
by  way  of  the  brachia  conjunctiva. 

The  brachia  pontis  (middle  cerebellar  peduncles)  (Fig.  715)  are  composed  entirely  of 
centripetal  fibres,  which  arise  from  the  cells  of  the  nuclei  pontis  of  the  opposite  side 
and  end  in  the  cerebellar  cortex;  the  fibres  are  arranged  in  three  fasciculi,  superior, 
inferior,  and  deep.  The  superior  fasciculus,  the  most  superficial,  is  derived  from 
the  upper  transverse  fibres  of  the  pons;  it  is  directed  backward  and  lateral  ward 
superficial  to  the  other  two  fasciculi,  and  is  distributed  mainly  to  the  lobules  on 
the  inferior  surface  of  the  cerebellar  hemisphere  and  to  the  parts  of  the  superior 
surface  adjoining  the  posterior  and  lateral  margins.  The  inferior  fasciculus  is 
formed  by  the  lowest  transverse  fibres  of  the  pons;  it  passes  under  cover  of  the 
superior  fasciculus  and  is  continued  downward  and  backward  more  or  less  parallel 
with  it,  to  be  distributed  to  the  folia  on  the  under  surface  close  to  the  vermis. 

The  deep  fasciculus  comprises  most  of  the  deep  transverse  fibres  of  the  pons. 
It  is  at  first  covered  by  the  superior  and  inferior  fasciculi,  but  crosses  obliquely 
and  appears  on  the  medial  side  of  the  superior,  from  which  it  receives  a  bundle; 
its  fibres  spread  out  and  pass  to  the  upper  anterior  cerebellar  folia.  The  fibres 
of  this  fasciculus  cover  those  of  the  restiform  body.^ 

The  restiform  bodies  (corpus  resiiformes;  inferior  cerebellar  peduncles)  pass  at  first 
upward  and  lateralward,  forming  part  of  the  lateral  walls  of  the  fourth  ventricle, 
and  then  bend  abruptly  backward  to  enter  the  cerebellum  between  the  brachia 
conjunctiva  and  brachia  pontis.  Each  contains  the  following  fasciculi:  (1)  the 
cerebellospinal  fasciculus  of  the  medulla  spinalis,  which  ends  mainly  in  the  superior 
vermis;  (2)  fibres  from  the  gracile  and  cuneate  nuclei  of  the  same  and  of  the  opposite 
sides;  (3)  fibres  from  the  opposite  olivary  nuclei;  (4)  crossed  and  uncrossed  fibres 
from  the  reticular  formation  of  the  medulla  oblongata;  (5)  vestibular  fibres,  derived 
partly  from  the  vestibular  division  of  the  acoustic  nerve  and  partly  from  the  nuclei 
in  which  this  division  ends — these  fibres  occupy  the  medial  segment  of  the  restiform 
body  and  divide  into  ascending  and  descending  groups  of  fibres;  the  ascending 
fibres  partly  end  in  the  roof  nucleus  of  the  opposite  side  of  the  cerebellum;  (6) 
cerebellobulbar  fibres  which  come  from  the  opposite  roof  nucleus  and  probably 
from  the  dentate  nucleus,  and  are  said  to  end  in  the  nucleus  of  Deiters  and  in  the 
formatio  reticularis  of  the  medulla  oblongata. 

*  See  article  by  E.  B.  Jamieeon,  Journal  of  Anatomy  and  Physiology,  vol.  xliv. 
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The  anterior  medtillary  velum  (velum  meduUare  anterius;  valve  of  Vieuasens;  superior 
medullary  velum)  is  a  thin,  transparent  lamina  of  white  substance,  which  stretches 
between  the  brachial  conjunctiva;  on  the  dorsal  surface  of  its  lower  half  the  folia 
and  lingula  are  prolonged.  It  forms,  together  with  the  brachia  conjunctiva,  the 
roof  of  the  upper  part  of  the  fourth  ventricle;  it  is  narrow  above,  where  it  passes 
beneath  the  inferior  coUiculi,  and  broader  below,  where  it  is  continuous  with  the 
white  substance  of  the  superior  vermis.  A  slightly  elevated  ridge,  the  fraenulum 
veli,  descends  upon  its  upper  part  from  between  the  inferior  colliculi,  and  on  either 
side  of  this  the  trochlear  nerve  emerges. 

The  posterior  medtillary  velum  (velum  meduUare  posterius;  inferior  meduUary  velum) 
is  a  thin  layer  of  white  substance,  prolonged  from  the  white  centre  of  the  cerebellum, 
above  and  on  either  side  of  the  nodule;  it  forms  a  part  of  the  roof  of  the  fourth 
ventricle.  Somewhat  semilunar  in  shape,  its  convex  edge  is  continuous  with  the 
white  substance  of  the  cerebellum,  while  its  thin  concave  margin  is  apparently 
free;  in  reality,  however,  it  is  continuous  with  the  epithelium  of  the  ventricle, 
which  is  prolonged  downward  from  the  posterior  medullary  velum  to  the  ligulse. 

The  two  medullary  vela  are  in  contact  with  each  other  along  their  line  of  emer- 
gence from  the  white  substance  of  the  cerebellum;  and  this  line  of  contact  forms 
the  summit  of  the  roof  of  the  fourth  ventricle,  which,  in  a  vertical  section  through 
the  cavity,  appears  as  a  pointed  angle. 

The  Fibrae  Propriae  of  the  cerebellum  are  of  two  kinds:  (1)  commissural  fibres, 
which  cross  the  middle  line  at  the  anterior  and  posterior  parts  of  the  vermis  and 
connect  the  opposite  halves  of  the  cerebellum;  (2)  arcuate  or  association  fibres, 
which  connect  adjacent  laminse  w^th  each  other. 

Gray  Substance. — ^The  gray  substance  of  the  cerebellum  is  found  in  two  situations: 
(1)  on  the  surface,  forming  the  cortex;  (2)  as  independent  masses  in  the  anterior. 

(1)  The  gray  substance  of  the  cortex  presents  a  characteristic  foliated  appearance, 
due  to  the  series  of  laminse  which  are  given  off  from  the  central  white  substance; 
these  in  their  turn  give  off  secondary  laminse,  which  are  covered  by  gray  substance. 
Externally,  the  cortex  is  covered  by  pia  mater;  internally  is  the  medullary  centre, 
consisting  mainly  of  nerve  fibres. 

Microscopic  Appearance  of  the  Cortex  (Fig.  716). — The  cortex  consists  of  two 
layers,  viz.,  an  external  gray  molecular  layer,  and  an  internal  rust-colored  nuclear 
layer;  between  these  is  an  incomplete  stratum  of  cells  which  are  characteristic  of 
the  cerebellum,  viz.,  the  cells  of  Purkinje. 

The  external  gray  or  molecular  layer  consists  of  fibres  and  cells.  The  nerve  fibres 
are  delicate  fibrillfle,  and  are  derived  from  the  following  sources:  (a)  the  dendrites 
and  axon  collaterals  of  Purkinje's  cells;  (b)  fibres  from  cells  in  the  nuclear  layer; 
(c)  fibres  from  the  central  white  substance  of  the  cerebellum;  (d)  fibres  derived 
from  cells  in  the  molecular  layer  itself.  In  addition  to  these  are  other  fibres,  which 
have  a  vertical  direction,  and  are  the  processes  of  large  neuroglia  cells,  situated 
in  the  nuclear  layer.  They  pass  outward  to  the  peripherj'^  of  the  gray  matter, 
where  they  expand  'into  little  conical  enlargements  which  form  a  sort  of  limiting 
membrane  beneath  the  pia  mater,  analogous  to  the  membrana  limitans  interna 
in  the  retina,  formed  by  the  sustentacular  fibres  of  Muller. 

The  cells  of  the  molecular  layer  are  small,  and  are  arranged  in  two  strata,  an 
outer  and  an  inner.  They  all  possess  branched  axons;  those  of  the  inner  layer 
are  termed  basket  cells;  they  run  for  some  distance  parallel  with  the  surface  of  the 
folium — giving  off  collaterals  which  pass  in  a  vertical  direction  toward  the  bodies 
of  Purkinje's  cells,  around  which  they  become  enlarged,  and  form  basket-like 
net-works. 

The  cells  of  Purkinje  form  a  single  stratum  of  large,  flask-shaped  cells  at  the 
junction  of  the  molecular  and  nuclear  layers,  their  bases  resting  against  the  latter; 
in  fishes  and  reptiles  they  are  arranged  in  several  layers.    The  cells  are  flattened 
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in  a  direction  transverse  to  the  long  axis  of  the  folium,  and  thus  appear  broad 
in  sections  carried  across  the  folium,  and  fusiform  in  sections  parallel  to  the  long 
axis  of  the  folium.  From  the  neck  of  the  flask  one  or  more  dendrites  arise  and  pass 
into  the  molecular  layer,  where  they  subdivide  and  form  an  extremely  rich  arbores- 
cence,  the  various  subdivisions  of  the  dendrites  being  covered  by  lateral  spine- 
like processes.  This  arborescence  is  not  circular,  but,  like  the  cell,  is  flattened  at 
right  angles  to  the  long  axis  of  the  folium;  in  o.ther  words,  it  does  not  resemble 
a  round  bush,  but  has  been  aptly  compared  by  Obersteiner  to  the  branches  of  a 
fruit  tree  trained  against  a  trellis  or  a  wall.  Hence,  in  sections  carried  across 
the  folium  the  arborescence  is  broad  and  expanded;  whereas  in  those  which  are 
parallel  to  the  long  axis  of  the  folium,  the  arborescence,  like  the  cell  itself,  is 
seen  in  profile,  and  is  limited  to  a  narrow  area. 
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Fio.  716. — ^Transverse  section  of  a  cerebellar  folium. 


Axon  of  cell  of  Purkinje 

I  Tendril  fibre 
Moss  fibre 
(Diagrammatic,  after  Cajal  and  KoUiker.) 


From  the  bottom  of  the  flask-shaped  cell  the  axon  arises;  this  passes  through 
the  nuclear  layer,  and,  becoming  medullated,  is  continued  as  a  nerve  fibre  in  the 
subjacent  white  substance.  As  this  axon  traverses  the  granular  layer  it  gives  off 
fine  collaterals,  some  of  which  run  back  into  the  molecular  layer. 

The  internal  rust-colored  or  nuclear  layer  (Fig.  716)  is  characterized  by  containing 
numerous  small  nerve  cells  of  a  reddish-brown  color,  together  with  many  nerve 
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fibrils.  Most  of  the  cells  are  nearly  spherical  and  provided  with  short  dendrites 
which  spread  out  in  a  spider-like  manner  in  the  nuclear  layer.  Their  axons  pass 
outward  into  the  molecular  layer,  and,  bifurcating  at  right  angles,  run  for  some 
distance  parallel  with  the  surface.  In  the  outer  part  of  the  nuclear  layer  are  some 
larger  cells,  of  the  type  II  of  Golgi.  Their  axons  undergo  frequent  division  as  soon 
as  they  leave  the  nerve  cells,  and  pass  into  the  nuclear  layer;  while  their  dendrites 
ramify  chiefly  in  the  molecular  layer. 

Finally,  in  the  gray  substance  of  the  cerebellar  cortex  there  are  fibres  which 
come  from  the  white  centre  and  penetrate  the  cortex.  The  cell-origin  of  these 
fibres  is  unknown,  though  it  is  believed  that  it  is  probably  in  the  gray  substance 
of  the  medulla  spinalis.  Some  of  these  fibres  end  in  the  nuclear  layer  by  dividing 
into  numerous  branches,  on  which  are  to  be  seen  peculiar  moss-like  appendages; 
hence  they  have  been  termed  by  Ram6n  y  Cajal  the  mosa  fibres;  they  form  an 
arborescence  around  the  cells  of  the  nuclear  layer.  Other  fibres,  the  elincinc  or 
tendril  fibres,  derived  from  the  medullary  centre  can  be  traced  into  the  moleculat 
layer,  where  their  branches  cling  around  the  dendrites  of  Purkinje's  cells, 

(2)  The  independent  centres  of  gray  substance  in  the  cerebellum  are  four  in 
number  on  either  side:  one  is  of  large  size,  and  is  known  as  the  nucleus  dentatni; 
the  other  three,  much  smaller,  are  situated  near  the  middle  of  the  cerebellum,  and 
are  known  as  the  nucleus  emboliformis,  nucleus  globosus,  and  nacleua  fastigii. 

Swieiu  denbdna        Brachiuta  ccnjuwditmni 


Fis.  7I7.~Ss(>tUl  secCion  thruuih  right  cerebeUsr  hemispbere.    The  right  olive  bu  also  beeo  cut  niitdJ?. 

The  nnclens  dentatns  (Fig.  717)  is  situated  a  little  to  the  medial  side  of  the  centre 
of  the  stem  of  the  white  substance  of  the  hemisphere.  It  consists  of  an  irregularly 
folded  lamina,  of  a  grayish-yellow  color,  containing  white  fibres,  and  presenting 
on  its  antero-medial  aspect  an  opening,  the  hUus,  from  which  most  of  the  fibres  of 
the  brachium  conjunctiva  emerge  (page  S41). 

The  nacleua  emboliformis  lies  immediately  to  the  medial  side  of  the  nucleus 
dentatus,  and  partly  covering  its  htlus.  The  nucleus  globosus  is  an  elongated 
mass,  directed  antero-posteriorly,  and  placed  medial  to  preceding.  The  nncleM 
fastigii  is  soinewhat  larger  than  the  other  two,  and  is  situated  close  to  the  middle 
line  at  the  anterior  end  of  the  superior  vermis,  and  immediately  over  the  roof  ^ 
of  the  fourth  ventricle,  from  which  it  is  separated  by  a  thin  layer  of  white  substance.  . 

Applied  Anstom;. — The  general  functions  of  the  cerebellum  in  the  human  economy  appear 
to  be  the  co6rdination  of  movements  and  equilibration.  The  exact  functions  o(  its  different 
parts  are  atiU  quite  uncertain,  owing  to  the  contradictory  nature  of  the  evidence  furnished  by 
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(1)  ablation  experiments  upon  animals,  and  (2)  clinical  observations  in  man  of  the  effects  pro- 
duced by  abscesses  or  tumors  affecting  different  portions  of  the  organ.  According  to  W.  Aldren 
Turner,  "The  following  localizing  symptoms  would  therefore  indicate  the  presence  of  a  tumor 
implicating  the  right  cerebellar  hemisphere  and  middle  pedimcle;  deafness  in  the  right  ear,  un- 
associated  with  middle-ear  complications;  an  unsteady  and  imcertain  gait,  with  a  tendency  to 
fall  more  particularly  to  the  right  side;  coarse  nystagmoid  oscillations  on  looking  to  the  right; 
movements  resembling  those  of  disseminated  sclerosis  on  volitional  effort  of  the  right  arm;  an 
awkward  uncertain  action  of  the  right  leg;  a  slight  increase  of  the  right  knee-jerk;  and,  perhaps, 
slight  blunting  of  sensibility  over  the  right  cornea  and  side  of  the  face.'' 

The  Fourth  Ventricle  {ventriculus  qvxirius). — The  fourth  ventricle,  or  cavity 
of  the  rhombencephalon,  is  situated  in  front  of  the  cerebellum  and  behind  the  pons 
and  upper  half  of  the  medulla  oblongata.  Developmentally  considered,  the  fourth 
ventricle  consists  of  three  parts:  a  superior  belonging  to  the  isthmus  rhombencephali, 
an  intermediate,  to  the  metencephalon,  and  an  inferior,  to  the  myelencephalon. 
It  is  lined  by  ciliated  epithelium,  and  is  continuous  below  with  the  central  canal 
of  the  medulla  oblongata;^  above,  it  communicates,  by  means  of  a  passage  termed 
the  cerebral  aqueduct,  with  the  cavity  of  the  third  ventricle.  It  presents  four 
angles,  and  possesses  a  roof  or  dorsal  wall,  a  floor  or  ventral  wall,  and  lateral 
boundaries. 

Angles. — ^The  superior  angle  is  on  a  level  with  the  upper  border  of  the  pons, 
and  is  continuous  with  the  lower  end  of  the  cerebral  aqueduct.  The  inferior  angle 
is  on  a  level  with  the  lower  end  of  the  olive,  and  opens  into  the  central  canal  of  the 
medulla  oblongata.  Each  lateral  angle  corresponds  with  the  point  of  meeting 
of  the  brachia  and  restiform  body.  A  little  below  the  lateral  angles,  on  a  level 
\\Hith  the  striae  medullares,  the  ventricular  cavity  is  prolonged  outward  in  the  form 
of  two  narrow  lateral  recesses,  one  on  either  side;  these  are  situated  between  the 
restiform  bodies  and  the  flocculi,  and  reach  as  far  as  the  attachments  of  the  glosso- 
pharyngeal and  vagus  nerves. 

Lateral  Boundaries. — ^The  lower  part  of  each  lateral  boundary  is  constituted 
by  the  clava,  the  fasciculus  cuneatus,  and  the  restiform  body;  the  upper  part  by 
the  brachium  pontis  and  the  brachium  conjunctivmn. 

Boof  or  Dorsal  Wall  (Fig.  718). — ^The  upper  portion  of  the  roof  is  formed  by 
the  brachia  conjunctiva  and  the  anterior  medullary  velum;  the  lower  portion, 
by  the  posterior  medullary  velum,  the  epithelial  lining  of  the  ventricle  covered 
by  the  tela  chorioidea  inferior,  the  tsenifle  of  the  fourth  ventricle,  and  the  obex. 

The  brachia  conjunctiTa  (page  841),  on  emerging  from  the  central  white  sub- 
stance of  the  cerebellum,  pass  upward  and  forward,  forming  at  first  the  lateral 
boundaries  of  the  upper  part  of  the  cavity;  on  approaching  the  inferior  colliculi, 
they  converge,  and  their  medial  portions  overlap  the  cavity  and  form  part  of  its 
roof. 

The  anterior  medullary  velum  (page  842)  fills  in  the  angular  interval  between 
the  brachia  conjunctiva,  and  is  continuous  behind  with  the  central  white  sub- 
stance of  the  cerebellum;  it  is  covered  on  its  dorsal  surface  by  the  lingula  of  the 
superior  vermis. 

The  posterior  medullary  velum  (page  842)  is  continued  downward  and  forward 
from  the  central  white  substance  of  the  cerebellum  in  front  of  the  nodule  and 
tonsils,  and  ends  inferiorly  in  a  thin,  concave,  somewhat  ragged  margin.  Below 
this  margin  the  roof  is  devoid  of  nervous  matter  except  in  the  immediate  vicinity 
of  the  lower  lateral  boundaries  of  the  ventricle,  where  two  narrow  white  bands,  the 
taeniae  of  the  fourth  ventricle  (lignlae),  appear;  these  bands  meet  over  the  inferior 
angle  of  the  ventricle  in  a  thin  triangular  lamina,  the  obex.  The  non-nervous  part 
of  the  roof  is  formed  by  the  epithelial  lining  of  the  ventricle,  which  is  prolonged 
downward  as  a  thin  membrane,  from  the  deep  surface  of  the  posterior  medullary 

>  J.  T.  Wilson  (Journal  of  Anatomy  and  Physiology,  vol.  zl)  has  pointed  out  that  the  central  canal  of  the  medulla 
oblonsata,  immediately  below  its  entrance  into  the  fourth  ventricle,  retains  the  cleft-like  form  presented  by  the  fetal 
medulla  spinalis,  and  that  it  is  marked  by  dorso-  and  ventro-lateral  sulci. 
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velum  to  the  corresponding  surface  of  the  obex  and  taeniae,  and  thence  on  to  the 
floor  of  the  ventricular  cavity;  it  is  covered  and  strengthened  by  a  portion  of  the 
pia  mater,  which  is  named  the  tela  chorioidea  of  the  fourth  ventricle. 

The  taeniae  ol  the  fourth  ventricle  {taenia  veviriculi  quarti;  ligula)  are  two  narrow 
bands  of  white  matter,  one  on  either  side,  which  complete  the  lower  part  of  the  rqof 
of  the  cavity.  Each  consists  of  a  vertical  and  a  horizontal  part.  The  vertical  part 
is  continuous  below  the  obex  with  the  clava,  to  which  it  is  adherent  by  its  lateral 
border.  The  horizontal  portion  extends  transversely  across  the  restifonn  body, 
below  the  striae  medullares,  and  roofs  in  the  lower  and  posterior  part  of  the  lateral 
recess;  it  is  attached  by  its  lower  margin  to  the  restiform  body,  and  partly  encloses 
the  choroid  plexus,  which,  however,  projects  beyond  it  like  a  cluster  of  grapes;  and 
hence  this  part  of  the  taenia  has  been  termed  the  cornucopia  (Bocbdaiek).  The  (*«x 
is  a  thin,  triangular,  gray  lamina,  which  roofs  in  the  lower  angle  of  the  ventricle  and 
is  attached  by  its  lateral  margins  to  the  clavae.*  The  tela  chorioidea  at  tbe  foordi 
ventricle  is  the  name  applied  to  the  triangular  fold  of  pia  mater  which  is  carried 
upward  between  the  cerebellum  and  the  medulla  oblongata.     It  consists  of  two 
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FiQ.  71S. — 8ob«Ds  of  n»f  of  fourth  venUiele.     The  urow  is  in  the  farunen  ol  MBJendie. 

layers,  which  are  continuous  with  each  other  in  front,  and  are  more  or  less  adherent 
throughout.  The  posterior  layer  covers  the  antero-inferior  surface  of  the  cere- 
bellum, while  the  anterior  is  applied  to  the  structures  which  form  the  lower  part 
of  the  roof  of  the  ventricle,  and  is  continuous  inferiorly  with  the  pia  mater  on  the 
restiform  bodies  and  closed  part  of  the  medulla. 

Choroid  PlexnseB.— These  consist  of  two  highly  vascular  inflexions  of  the  tela 
chorioidea,  which  invaginate  the  lower  part  of  the  roof  of  the  ventricle  and  are 
everywhere  covered  by  the  epithelial  lining  of  the  cavity.  Each  consists  of  a  ver- 
tical and  a  horizontal  portion ;  the  former  lies  close  to  the  middle  line,  and  the  latter 
passes  into  the  lateral  recess  and  projects  beyond  its  apex.  The  vertical  parts  of 
the  plexuses  are  distinct  from  each  other,  but  the  horizontal  portions  are  joined 
in  the  middle  line;  and  hence  the  entire  structure  presents  the  form  of  the  letter T, 
the  vertical  limb  of  which,  howe\er,  is  double. 

'  J.  T.  WLlwn.  op.  cit.,  recogniiM  Iwo  forms  of  obei:  (a)  the  (nie  aba,  conMituled  by  n  medull»ry  thioteninf  of 
the  roof  i>l»te.  and  (»)  a  /ai.r  or  memfrrnnou.  ofisi.  where  tW  medullary  thickening  fsili/o  uke  place,  and  where  Ihe 
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OpenincB  is  the  Boof .— Id  the  roof  of  the  fourth  ventricle  there  are  three  openings, 
a  medial  and  two  lateral:  the  medi&t  aperture  (foramen  Majendii),  is  situated  imme- 
diately above  the  inferior  angle  of  the  ventricle;  the  lateral  apeitares  are  found 
at  the  extremities  of  the  lateral  recesses.  By  means  of  these  three  openings  the 
ventricle  commimicates  with  the  subarachnoid  cavity,  and  the  cerebrospinal 
fluid  can  circulate  from  the  one  to  the  other. 

Rhomboid  Fossa  (fossa  rhombcndea;  "Jloor"  of  the  fourth  ventricle)  (Fig.  719). — 
The  anterior  part  of  the  fourth  ventricle  is  named,  from  its  shape,  the  rhomboid 
fossa,  and  its  anterior  wall,  formed  by  the  back  of  the  pons  and  medulla  oblongata, 
constitutes  the  floor  of  the  fourth  ventricle.  It  is  covered  by  a  thin  layer  of  gray 
substance  continuous  with  that  of  the  medulla  spinalis;  superficial  to  this  is  a  thin 
lamina  of  neuroglia  which  constitutes  the  ependyma  of  the  ventricle  and  supports 
a  layer  of  ciliated  epithelium.    The  fossa  consists  of  three  parts,  superior,  inter- 
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Fio.  7ia.— Rbomboid  ioau. 

mediate,  and  inferior.  The  superior  part  is  triangular  in  shape  and  limited  laterally 
by  the  brachia  conjunctiva  eerebelli;  its  apex,  directed  upward,  is  continuous  with 
the  cerebral  aqueduct;  its  base  it  represented  by  an  imaginary  line  at  the  level  of  the 
upper  ends  of  the  superior  fovese.  The  intermediate  part  extends  from  this  level 
to  that  of  the  horizontal  portions  of  the  ttenise  of  the  ventricle;  it  is  narrow  above 
where  it  is  limited  laterally  by  the  brachia  pontis,  but  widens  below  and  is  pro- 
longed into  the  lateral  recesses  of  the  ventricle.  The  inferior  part  is  triangular, 
and  its  downwardly  directed  apex,  named  the  calamus  scriptorins,  is  continuous 
with  the  central  canal  of  the  closed  part  of  the  medulla  oblongata. 

The  rhomboid  fossa  is  divided  into  symmetrical  halves  by  a  median  snleoa 
which  reaches  from  the  upper  to  the  lower  angles  of  the  fossa  and  is  deeper  below 
than  above.  On  either  side  of  this  sulcus  is  an  elevation,  the  medial  eminence, 
bounded  laterally  by  a  sulcus,  the  snlcns  Umitans.  In  the  superior  part  of  the  fossa 
the  medial  eminence  has  a  width  equal  to  that  of  the  corresponding  half  of  the 
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fossa,  but  opposite  the  superior  fovea  it  forms  an  elongated  swelling,  the  coUiculns 
facialis,  which  overlies  the  nucleus  of  the  abducent  nerve,  and  is,  in  part  at  least, 
produced  by  the  ascending  portion  of  the  root  of  the  facial  nerve.  In  the  inferior 
part  of  the  fossa  the  medial  eminence  assumes  the  form  of  a  triangular  area,  the 
trigonum  hypoglossi.  When  examined  under  water  with  a  lens  this  trigone  is  seen 
to  consist  of  a  medial  and  a  lateral  area  separated  by  a  series  of  oblique  furrows; 
the  medial  area  corresponds  with  the  upper  part  of  the  nucleus  of  the  hypoglossal 
nerve,  the  lateral  with  a  small  nucleus,  the  nucleus  intercalatos. 

The  sulcus  limitans  forms  the  lateral  boundary  of  the  medial  eminence.  In 
the  superior  part  of  the  rhomboid  fossa  it  corresponds  with  the  lateral  limit  of  the 
fossa  and  presents  a  bluish-gray  area,  the  locus  coenileus,  which  owes  its  color 
to  an  underlying  patch  of  deeply  pigmented  nerve  cells,  termed  the  substantia 
femiginea.  At  the  level  of  the  colliculus  facialis  the  sulcus  limitans  widens  into 
a  flattened  depression,  the  superior  fovea,  and  in  the  inferior  part  of  the  fossa  appears 
as  a  distinct  dimple,  the  inferior  fovea.  Lateral  to  the  fovese  is  a  rounded  elevation 
named  the  area  acustica,  which  extends  into  the  lateral  recess  and  there  forms  a 
feebly  marked  swelling,  the  tuberculum  acusticum.  Winding  aroimd  the  restiform 
body  and  crossing  the  area  acustica  and  the  medial  eminence  are  a  number  of  white 
strands,  the  striae  medullares,  which  form  a  portion  of  the  cochlear  division  of  the 
acoustic  nerve  and  disappear  into  the  median  sulcus.  Below  the  inferior  fovea, 
and  between  the  trigonum  hypoglossi  and  the  lower  part  of  the  area  acustica  is  a 
triangular  dark  field,  the  ala  cinerea,  which  corresponds  to  the  sensory  nucleus 
of  the  vagus  and  glossopharyngeal  nerves.  The  lower  end  of  the  ala  cinerea  is 
crossed  by  a  narrow  translucent  ridge,  the  funiculus  separans,  and  between  this 
funiculus  and  the  clava,  is  a  small  tongue-shaped  areist,  the  area  postrema.  On 
section  it  is  seen  that  the  funiculus  separans  is  formed  by  a  strip  of  thickened 
ependyma,  and  the  area  postrema  by  loose,  highly  vascular,  neuroglial  tissue  con- 
taining nerve  cells  of  moderate  size. 


THE  MESENCEPHALON  OB  MID-BBAIN. 

The  mesencephalon  or  mid-brain  (Fig.  725)  is  the  short,  constricted  portion  which 
connects  the  pons  and  cerebellum  with  the  thalamencephalon  and  cerebral  hemi- 
spheres. It  is  directed  upward  and  forward,  and  consists  of  (1)  a  ventro-lateral 
portion,  composed  of  a  pair  of  cylindrical  bodies,  named  the  cerebral  peduncles; 
(2)  a  dorsal  portion,  consisting  of  four  rounded  eminences,  named  the  corpora 
quadrigemina;  and  (3)  an  intervening  passage  or  tunnel,  the  cerebral  aqueduct, 
which  represents  the  original  cavity  of  the  mid-brain  and  connects  the  third  with 
the  fourth  ventricle  (Fig.  720). 

The  cerebral  peduncles  (pedunculu^  cerebri;  eras  cerebri)  are  two  cylindrical 
masses  situated  at  the  base  of  the  brain,  and  largely  hidden  by  the  temporal  lobes 
of  the  cerebrum,  w^hich  must  be  drawn  aside  or  removed  in  order  to  expose  them. 
They  emerge  from  the  upper  surface  of  the  pons,  one  on  either  side  of  the  middle 
line,  and,  diverging  as  they  pass  upward  and  forward,  disappear  into  the  substance 
of  the  cerebral  hemispheres.  The  depressed  area  between  the  crura  is  termed  the 
interpeduncular  fossa,  and  consists  of  a  layer  of  grayish  substance,  the  posterior 
perforated  substance,  which  is  pierced  by  small  apertures  for  the  transmission  of 
bloodvessels;  its  lower  part  lies  on  the  ventral  aspect  of  the  medial  portions  of  the 
tegmenta,  and  contains  a  nucleus  named  the  interpeduncular  ganglion  (page  850) ; 
its  upper  part  assists  in  forming  the  floor  of  the  third  ventricle.  The  ventral  sur- 
face of  each  peduncle  is  crossed  from  the  medial  to  the  lateral  side  by  the  superior 
cerebellar  and  posterior  cerebral  arteries;  its  lateral  surface  is  in  relation  to  the 
gyrus  hippocampi  of  the  cerebral  hemisphere  and  is  crossed  from  behind  fomard 
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by  the  trochlear  nerve.    Close  to  the  point  of  disappearance  of  the  peduncle  into 

the  cerebral  hemipshere,  the  optic  tract  winds  forward  around  its  ventro-lateral 

surface.    The   medial    surface    of    the    peduncle   forms   the   lateral    boundary 

of  the  interpeduncular  fossa,  and   is 

marked  by  a  longitudinal  furrow,  the 

oeolomotor  soIcob,  from  which  the  roots 

of  the  oculomotor  nerve  emerge.    On  ; 

the  lateral  surface  of  each  peduncle 

there  is  a.  second  longitudinal  furrow,  , 

termed  the  lateral  sulcas;  the  fibres  of 

the  lateral  lemniscus  come  to  the  sur-  i 

face  in  this  sulcus,  and  pass  backward 

and   upward,  to  disappear  under  the 

inferior  colHculus.  j_. 

Structure  of  the  Cerebral  Peduncles  ' 

{Figs.  721,  722).— On  transverse  sec-  **■ 
tion,  each  peduncle  is  seen  to  consist 
of  a  dorsal  and  a  ventral  part,  separ- 
ated by  a  deeply  pigmented  lamina  of 
gray  substance,  termed  the  substantia 
nifra.  The  dorsal  part  is  named  the 
tegmentum;  the  ventral,  the  base  or 
cnuU;  the  two  bases  are  separated  ni.^") ' n'l^St 
from  each  other,  but  the  tegmenta  are  ^Jlir'Si'M'""B 
joined  in  the  median  plane  by  a  for-  RednuoiBUBotii 
ward  prolongation  of  the  rapbS  of  the    mediii  i«niD»ci 

_  T     ^         11       . 1       .  .  >  Modiiil  longitudi 

pons.    Laterally,  the  tegmenta  are  free;    pimiiac  fibns. 
dorsally,  they  blend  with  the  corpora    Ebi^'  p'^i^ont 
quadrigemina. 

Inferior  eoUiWt 
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Fio,  721.— Tramvei 


The  base  (basis  pednnculi;  cmata  or  pes)  is  semilunar  on  transverse  section,  and 
consists  almost  entirely  of  longitudinal  bundles  of  efferent  fibres,  which  arise  from  \ 
the  cells  of  the  oerebral  cortex  and  are  grouped  into  three  principal  sets,  viz., 
cerebrospinal,  frontopontine,  and  temporopontine  (Fig.  720),    The  cerebrospinal 
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fibres,  derived  from  the  cells  of  the  motor  area  of  the  cerebral  cortex,  occupy 
the  middle  three-fifths  of  the  base;  they  are  continued  partly  to  the  nuclei  of  the 
motor  cerebral  nerves,  but  mainly  into  the  pyramids  of  the  medulla  oblongata. 
The  frontopontine  fibres  are  situated  in  the  medial  fifth  of  the  base;  they  arise  from 
the  cells  of  the  frontal  lobe  and  end  in  the  nuclei  of  the  pons.  The  temporopontine 
fibres  are  lateral  to  the  cerebrospinal  fibres;  they  ori^nate  in  the  temporal  lobe 
and  end  in  the  nuclei  pontis.' 


Fia.  722. — Transverse  Hctiao  uf  mid-brain  st  level  of  auperiDr  coLlieuli. 

The  BobatABtia  nigra  (iniercaJatum)  is  a  layer  of  gray  substance  containing 
numerous  deeply  pigmented,  multipolar  nerve  cells.  It  is  semilunar  on  transverse 
section,  its  concavity  being  directed  toward  the  tegmentum;  from  its  convexity, 
prolongations  extend  between  the  fibres  of  the  base  of  the  peduncle.  Thicker 
medially  than  laterally,  it  reaches  from  the  oculomotor  sulcus  to  the  lateral  sulcus, 
and  extends  from  the  upper  surface  of  the  pons  to  the  subthalamic  region;  its 
medial  part  is  traversed  by  the  fibres  of  the  oculomotor  ner\e  as  these  stream  for- 
ward to  reach  the  oculomotor  sulcus.  The  connections  of  the  cells  of  the  substantia 
nigra  have  not  been  definitely  established. 

The  tegmentum  is  continuous  below  with  the  reticular  formation  of  the  pons, 
and,  like  it,  consists  of  longitudinal  and  transverse  fibres,  together  with  a  consider- 
able amount  of  gray  substance.  The  principal  gray  masses  of  the  tegmentum 
are  the  red  nucleus  and  the  interpeduncular  ganglion;  of  its  fibres  the  chief  longi- 
tudinal tracts  are  the  brachium  conjunctivum,  the  medial  longitudinal  fasciculus, 
and  the  lemniscus. 

Gray  SrB.STANCE. — The  red  nnclens  is  situated  in  the  anterior  part  of  the  teg- 
mentum, and  is  continued  upward  into  the  posterior  part  of  the  subthalamic  region. 
In  sections  at  the  level  of  the  superior  colliculus  it  appears  as  a  circular  mass 
which  is  traverser!  by  the  fibres  of  the  oculomotor  nerve.  Most  of  the  fibres  of  the 
brachium  conjunctivum  end  in  it  (page  847).  The  axons  of  its  larger  cells  cross 
the  middle  line  and  are  continued  downward  into  the  lateral  funiculus  of  the 
medulla  spinalis  as  the  rubrospinal  tract  (page  81 G);  those  of  its  smaller  cells  end 
mainly  in  the  thalamus. 

The  intetpedusGular  ganglion  is  a  median  collection  of  nerve  cells  situated  in 
the  ventral  part  of  the  tegmentum.     The  fibres  of  the  fasciculus  retroflexus  of 
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Meynert,  which  have  their  origin  in  the  cells  of  the  ganglion  habenulae  (page  859), 
end  in  it. 

Besides  the  two  nuclei  mentioned,  there  are  small  collections  of  cells  which 
form  the  dorsal  and  ventral  nuclei  and  the  central  nucleus  or  nucleus  of  the  raphfi. 

White  Substance. — (1)  The  origin  and  course  of  the  brachium  conjunctivum 
have  already  been  described  (page  841). 

(2)  The  medial  (posterior)  longitudinal  fasciculus  (Fig.  723)  is  continuous  below 
with  the  proper  fasciculi  of  the  anterior  and  lateral  funiculi  of  the  medulla  spinalis, 
and  has  been  traced  by  Edinger  as  far  as  a  nucleus,  the  nucleus  of  the  medial  longi^ 
tudinal  fasciculus,  situated  in  the  hypothalamus,  immediately  in  front  of  the  cerebral 
aqueduct.  In  the  medulla  oblongata  and  pons  it  runs  close  to  the  middle  line, 
near  the  floor  of  the  fourth  ventricle;  in  the  mesencephalon  it  is  situated  on  the 
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Fio.  723. — Scheme  of  the  medial  longitudinal  fasciculus;  motor  fibres  in  red,  sensory  in  blue. 


ventral  aspect  of  the  cerebral  aqueduct,  below  the  nuclei  of  the  oculomotor  and 
trochlear  nerves.  Its  connections  are  imperfectly  known,  but  it  consists  largely 
of  ascending  and  descending  intersegmental  or  association  fibres,  which  connect 
the  nuclei  of  the  rhombencephalon  and  mesencephalon  to  each  other.  Many  of 
the  descending  fibres  arise  in  the  superior  coUiculus,  and,  after  decussating  in  the 
middle  line,  end  in  the  motor  nuclei  of  the  pons  and  medulla  oblongata.  The 
ascending  fibres  arise  from  the  cells  of  the  gray  substance  of  the  upper  part  of  the 
medulla  spinalis,  and  from  the  nuclei  in  the  medulla  oblongata  and  pons,  and  pass 
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without  undergoing  decussation  to  the  higher  nuclei.  Fibres  are  also  carried  through 
the  medial  longitudinal  fasciculus  from  the  nucleus  of  the  abducent  nerve  into  the 
oculomotor  nerve  of  the  opposite  side,  and  through  this  nerve  to  the  Rectus 
medialis  oculi.  Again,  fibres  are  said  to  be  prolonged  through  this  fasciculus 
from  the  nucleus  of  the  oculomotor  nerve  into  the  facial  nerve,  and  are  distributed 
to  the  Orbicularis  oculi,  the  Corrugator,  and  the  Frontalis.^ 
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Fig.  724. — Scheme  showing  the  course  of  the  fibres  of  the  lemniscuB;  medial  lemniscuB  in  blue,  lateral  in  red. 

(3)  The  lemniscus  or  fiUet  (Fig.  724).— The  fibres  of  the  lemniscus  take  origin 
in  the  gracile  and  cuneate  nuclei  of  the  medulla  oblongata,  and  cross  to  the  oppo- 
site side  in  the  sensory  decussation  (page  827).  They  then  pass  upward  through 
the  medulla  oblongata,  in  which  they  are  situated  behind  the  cerebrospinal  fibres 
and  between  the  olives.  Here  they  are  joined  by  the  fibres  of  the  superficial  antero- 
lateral fasciculus,  these  having  already  undergone  decussation  in  the  medulla 
spinalis.  As  the  lemniscus  ascends,  it  receives  additional  fibres  from  the  terminal 
nuclei  of  the  sensory  cerebral  nerves  of  the  opposite  side.  In  the  pons,  it  assumes 
a  flattened,  ribbon-like  appearance,  and  is  placed  dorsal  to  the  trapezium.    In 

»  A.  Bruce  and  J.  H.  Harvey  Pirrie,  "On  the  Origin  of  the  Facial  Nerve,"  Review  of  Neurolocr  and  Py***J*^ 
December,  1908,  No.  12,  vol.  vi,  produce  weighty  evidence  against  the  view  that  the  facial  nerve  derives  nbrei  irom 
the  nucleus  of  the  oculomotor  nerve. 
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the  mesencephalon,  its  lateral  part  is  folded  backward  and  forms  nearly. a  right 
angle  with  its  medial  portion;  and  hence  it  is  customary  to  speak  of  the  lemniscus 
as  consisting  of  lateral  and  medial  parts. 

The  lateral  lemniscus  (lemniscus  lateralis)  comes  to  the  surface  of  the  mes- 
encephalon along  its  lateral  sulcus,  and  disappears  under  the  inferior  colliculus. 
It  consists  of  fibres  from  the  terminal  nuclei  of  the  cochlear  division  of  the  acoustic 
nerve,  together  with  others  from  the  superior  olivary  and  trapezoid  nuclei.  Most 
of  these  fibres  are  crossed,  but  some  are  uncrossed.  Many  of  them  pass  to  the 
inferior  colliculus  of  the  same  or  opposite  side,  but  others  are  prolonged  to 
the  thalamus,  and  thence  through  the  occipital  part  of  the  internal  capsule  to 
the  middle  and  superior  temporal  gyri. 

The  medial  lemniscus  (lemniscus  m^dialis)  begins  in  the  gracile  and  cuneate  nuclei 
of  the  opposite  side,  and  is  joined  by  the  superficial  antero-Iateral  fasciculus  of  the 
medulla  spinalis  and  by  fibres  from  the  terminal  nuclei  of  the  sensory  cerebral  nerves 
of  the  opposite  side,  excepting  the  cochlear 
division  of  the  acoustic.  In  the  cerebral  pe- 
duncle, a  few  of  its  fibres  pass  upward  in  the 
lateral  part  of  the  base  of  the  peduncle,  on  the 
dorsal  aspect  of  the  temporopontine  fibres, 
and  reach  the  lentiform  nucleus  and  the  insula. 
The  greater  part  of  the  medial  lemniscus,  on 
the  other  hand,  is  prolonged  through  the  teg- 
mentum, and  most  of  its  fibres  end  in  the 
thalamus;  probably  some  are  continued  directly 
through  the  occipital  part  of  the  internal  capsule 
to  the  cerebral  cortex.  From  the  cells  of  the 
thalamus  a  relay  of  fibres  is  prolonged  to  the 
cerebral  cortex. 

In  the  tegmentmn  there  are,  besides  these 
three  tracts,  the  tectospinal  fasciculus  from  the 
superior  colliculus  and  the  rubrospinal  fascic- 
ulus from  the  red  nucleus;  these  cross  the 
middle  line  and  are  continued  downward  into 
the  medulla  spinalis. 

The  corpora  quadrigemina  (Fig.  729)  are  four  rounded  eminences  which  form 
the  dorsal  part  of  the  mesencephalon.    They  are  situated  above  and  in  front  of 
the  anterior  medullary  velum  and  brachia  conjunctiva,  and  below  and  behind  the 
third  ventricle  and  posterior  commissure.   They  are  covered  by  the  splenium  of  the  ( 
corpus  callosum,  and  are  partly  overlapped  on  either  side  by  the  medial  angle, 
or  pulvinar,  of  the  posterior  end  of  the  thalamus;  on  the  lateral  aspect,  under 
cover  of  the  pulvinar,  is  an  oval  eminence,  named  the  medial  cfozuculate  body. 
The  corpora  quadrigemina  are  arranged  in  pairs  (superior  and  inferior  coUiculi), ) 
and  are  separated  from  one  another  by  a  crucial  sulcus.    The  longitudinal  part ' 
of  this  sulcus  expands  superiorly  to  form  a  slight  depression  which  supports  the 
pineal  body,  a  cone-like  structure  which  projects  backward  from  the  thalam- 
encephalon  and  partly  obscures  the  superior  colliculi.    From  the  inferior  end  of 
the  longitudinal  sulcus,  a  white  band,  termed  the  frinulum  veli,  is  prolonged  down- 
ward to  the  anterior  mecjullary  velum;  on  either  side  of  this  band  the  trochlear 
nerve  emerges,  and  passes  forward  on  the  lateral  aspect  of  the  cerebral  peduncle 
to  reach  the  base  of  the  brain.    The  superior  colliculi  are  larger  and  darker  in  color 
than  the  inferior,  and  are  oval  in  shape.    The  inferior  colliculi  are  hemispherical, 
and  somewhat  more  prominent  than  the  superior.    The  superior  colliculi  are  1 
associated  with  the  sense  of  sight,  the  inferior  with  that  of  hearing. 

From  the  lateral  aspect  of  each  colliculus  a  white  band,  termed  the  brachium, 


Fio.  725. — ^TranBverse  section  passing  through 
Uie  sensory  decussation.  Schematic.^  (Testut.) 
1.  Anterior  medicui  fissure.  2.  Posterior  median 
sulcus.  3,  3'.  Head  and  base  of  anterior  column 
(in  red).  4.  Hypogloaul  nerve.  6.  Bases  of 
posterior  column.  6.  Gracile  nucleus.  7.  Cune- 
ate nucleus.  8,  8.  Lemniscus.  9.  Sensory 
decussation.     10.  Cerebrospinal  fasciculus. 
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is  prolonged  upward  and  forward.  The  superior  brachium  extends  lateralward 
from  the  superior  colliculus,  and,  passing  between  the  pulvinar  and  medial  genicu- 
late body,  is  partly  continued  into  an  eminence  called  the  lateral  cf^nicolate  body, 
and  partly  into  the  optic  tract.  The  inferior  brachium  passes  forward  and  upward 
from  the  inferior  coUiculus  and  disappears  under  cover  of  the  medial  geniculate  body. 

In  close  relationship  with  the  corpora  quadrigemina  are  the  brachia  conjunctiva, 
which  emerge  from  the  upper  and  medial  parts  of  the  cerebellar  hemispheres. 
They  run  upward  and  forward,  and,  passing  under  the  inferior  coUiculi,  enter  the 
tegmenta  as  already  described  (page  841). 

Structure  of  the  Corpora  Quadrigemina. — ^The  inferior  colliculus  (collieulus  inferior; 
inferior  quodrigeminal  body;  postgemina)  consists  of  a  compact  nucleus  of  gray 
substance  containing  large  and  small  multipolar  nerve  cells,  and  more  or  less 
completely  surrounded  by  white  fibres  derived  from  the  lateral  lemniscus. 
Most  of  these  fibres  end  in  the  gray  nucleus  of  the  same  side,  but  some  cross  the 
middle  line  and  end  in  that  of  the  opposite  side.  From  the  cells  of  the  gray 
nucleus,  fibres  are  prolonged  through  the  inferior  brachium  into  the  tegmentum 
of  the  cerebral  peduncle,  and  are  carried  to  the  thalamus  and  the  cortex  of  the 
temporal  lobe;  other  fibres  cross  the  middle  line  and  end  in  the  opposite  colliculus. 

The  superior  colliculus  {colliculus  superior;  superior  quadrigeminal  body; 
pregemina)  is  covered  by  a  thin  stratum  (stratum  aonale)  of  white  fibres, 
the  majority  of  which  are  derived  from  the  optic  tract.  Beneath  this  is  the 
stratum  cinereum,  a  cap-like  layer  of  gray  substance,  thicker  in  the  centre  than 
at  the  circumference,  and  consisting  of  numerous  small  multipolar  nerve  cells, 
imbedded  in  a  fine  network  of  nerve  fibres.  Still  deeper  is  the  stratum  opticmn, 
containing  large  multipolar  nerve  cells,  separated  by  numerous  fine  nerve  fibres. 
Finally,  there  is  the  stratum  lenmisci,  consisting  of  fibres  derived  partly  from  the 
lemniscus  and  partly  from  the  cells  of  the  stratum  opticum;  interspersed  among 
these  fibres  are  many  large  multipolar  nerve  cells.  The  two  last-named  strata 
are  sometimes  termed  the  gray-white  layers,  from  the  fact  that  they  consist  of  both 
gray  and  white  substance.  Of  the  afferent  fibres  which  reach  the  superior  colliculus, 
some  are  derived  from  the  lemniscus,  but  the  majority  have  their  origins  in  the 
retina  and  are  conveyed  to  it  through  the  superior  brachium;  all  of  them  end  by 
arborizing  around  the  cells  of  the  gray  substance.  Of  the  efferent  fibres,  some 
cross  the  middle  line  to  the  opposite  colliculus;  many  ascend  through  the  superior 
brachium,  and  finally  reach  the  cortex  of  the  occipital  lobe  of  the  cerebrum;  while 
others,  after  undergoing  decussation  (fountain  decussation  of  Meynert)  form  the 
tectospinal  fasciculus  which  descends  through  the  formatio  reticularis  of  the  mesen- 
cephalon, pons,  and  medulla  oblongata  into  the  medulla  spinalis,  where  it  is  found 
partly  in  the  anterior  funiculus  and  partly  intermingled  with  the  fibres  of  the 
rubrospinal  tract. 

The  corpora  quadrigemina  are  larger  in  the  lower  animals  than  in  man.  In 
fishes,  reptiles,  and  birds  they  are  hollow,  and  only  two  in  niunber  (corpora 
bigemina) ;  they  represent  the  superior  colliculi  of  manmials,  and  are  frequently 
termed  the  optic  lobes,  because  of  their  intimate  connection  with  the  optic 
tracts. 

The  cerebral  aqueduct  (aqueductus  cerebri;  aqueduct  of  Sylvius)  is  a  narrow 
canal,  about  15  mm.  long,  situated  between  the  corpora  quadrigemina  and  teg- 
menta, and  connecting  the  third  with  the  fourth  ventricle.  Its  shape,  as  seen  in 
transverse  section,  varies  at  different  levels,  being  T-shaped,  triangular  above, 
and  oval  in  the  middle;  the  central  part  is  slightly  dilated,  and  was  named  by 
Retzius  the  ventricle  of  the  mid-brain.  It  is  lined  by  ciliated  columnar  epithelium, 
and  is  surrounded  by  a  layer  of  gray  substance  named  the  central  gray  stratom: 
this  is  continuous  below  with  the  gray  substance  in  the  rhomboid  fossa,  and  above 
with  that  of  the  third  ventricle.    Dorsally,  it  is  partly  separated  from  the  -gray 


THE  PROSENCEPHALON  OR  FORE-BRAIN  855 

substance  of  the  quadrigeminal  bodies  by  the  fibres  of  the  lemniscus;  ventral  to 
it  are  the  medial  longitudinal  fasciculus,  and  the  formatio  reticularis  of  the  teg- 
mentum. Scattered  throughout  the  central  gray  stratum  are  numerous  nerve 
cells  of  various  sizes,  interlaced,  by  a  net-work  of  fine  fibres.  Besides  these  scattered 
cells  it  contains  three  groups  which  constitute  the  nuclei  of  the  oculomotor  and 
trochlear  nerves,  and  the  nucleus  of  the  mesencephalic  root  of  the  trigeminal  nerve. 
The  nucleus  of  the  trigeminal  nerve  extends  along  the  entire  length  of  the  aqueduct, 
and  occupies  the  lateral  part  of  the  gray  stratum,  while  the  nuclei  of  the  oculo- 
motor and  trochlear  nerves  are  situated  in  its  ventral  part.  The  nucleus  of  the 
oculomotor  nerve  is  about  10  cm.  long,  and  lies  under  the  superior  colliculus,  beyond 
which,  however,  it  extends  for  a  short  distance  into  the  gray  substance  of  the  third 
ventricle.  The  nucleus  of  the  trochlear  nerve  is  small  and  nearly  circular,  and  is  on 
a  level  with  a  plane  carried  transversely  through  the  upper  part  of  the  inferior 
colliculus. 

THE   PROSENCEPHALON   OB   FORE-BBAIN. 

The  prosencephalon  or  fore-brain  consists  of:  (1)  the  diencephalon,  'corresponding 
in  a  large  measure  to  the  third  ventricle  and  the  structures  which  bound  it;  and 
(2)  the  telencephalon,  comprising  the  largest  part  of  the  brain,  viz.,  tlie  cerebral 
hemispheres;  these  hemispheres  are  intimately  connected  with  each  other  across 
the  middle  line,  and  each  contains  a  large  cavity,  named  the  lateral  ventricle. 
The  lateral  ventricles  communicate  through  the  interventricular  foramen  with  the 
third  ventricle,  but  are  separated  from  each  other  by  a  medial  septum,  the  septum 
pellucidum;  this  contains  a  slit- like  cavity,  which  does  not  communicate  with  the 
ventricles. 

The  Diencephalon. — ^The  diencephalon  is  connected  above  and  in  front  with 
the  cerebral  hemispheres;  behind  with  the  mesencephalon.  Its  upper  surface  is 
concealed  by  the  corpus  callosum,  and  is  covered  by.  a  fold  of  pia  mater,  named  the 
tela  chorioidea  of  the  third  ventricle;  inferiorly  it  reaches  to  the  base  of  the  brain. 

The  diencephalon  comprises:  (1)  the  thalamencephalon;  (2)  the  pars  mamillaria 
hypothalami ;  and  (3)  the  posterior  part  of  the  third  ventricle.  For  descriptive  purposes, 
however,  it  is  more  convenient  to  consider  the  whole  of  the  third  ventricle  and  its 
boundaries  together;  this  necessitates  the  inclusion,  under  this  heading,  of  the  pars 
optica  hypothalami  and  the  corresponding  part  of  the  third  ventricle — structures 
which  properly  belong  to  the  telencephalon. 

The  Thalamencephalon. — ^The  thalamencephalon  comprises:  (1)  the  thalamus; 
(2)  the  metathalamus  or  corpora  cfeniculata;  and  (3)  the  epithalamus,  consisting  of 
the  trigonum  habenulae,  the  pineal  body,  and  the  posterior  commissure. 

The  Thalami  {optic  thalamus)  (Figs.  726, 727)  are  two  large  ovoid  masses,  situated 
one  on  either  side  of  the  third  ventricle  and  reaching  for  some  distance  behind  that 
cavity.  Each  measures  about  4  cm.  in  length,  and  presents  two  extremities,  an 
anterior  and  a  posterior,  and  four  surfaces,  superior,  inferior,  medial,  and  lateral. 

The  anterior  extremity  is  narrow;  it  lies  close  to  the  middle  line  and  forms  the 
posterior  boundary  of  the  interventricular  foramen. 

The  posterior  extremity  is  expanded,  directed  backward  and  lateralward,  and 
overlaps  the  superior  colliculus.  Medially  it  presents  an  angular  prominence, 
the  pulvinar,  which  is  continued  laterally  into  an  oval  swelling,  the  lateral  cfeniculate 
body,  while  beneath  the  pulvinar,  but  separated  from  it  by  the  superior  brachium, 
is  a  second  oval  swelling,  the  medial  geniculate  body. 

The  superior  surface  is  free,  slightly  convex,  and  covered  by  a  layer  of  white 
substance,  termed  the  stratum  sonale.  It  is  separated  laterally  from  the  caudate 
nucleus  by  a  white  band,  the  stria  terminalis,  and  by  the  terminal  vein.  It  is  divided 
into  a  medial  and  a  lateral  portion  by  an  oblique  shallow  furrow  which  runs  from 


856  NEUROLOGY 

behind  forward  and  medialward  and  corresponds  with  the  lateral  margin  of  the 
fornix;  the  lateral  part  forms  a  portion  of  the  floor  of  the  lateral  ventride,  and  is 
covered  by  the  epithelial  lining  of  this  cavity;  the  medial  part  b  covered  by  the 
tela  chorioidea  of  the  third  ventricle,  and  is  destitute  of  an  epithelial  coverbg. 
In  front,  the  superior  is  separated  from  the  medial  surface  by  a  salient  margin, 
the  taraia  thalami,  along  which  the  epithelial  lining  of  the  third  ventricle  is  reflected 
on  to  the  under  surface  of  the  tela  chorioidea.  Behind,  it  is  limited  medially  by 
a  groove,  the  sulcus  hmbeanlae,  which  intervenes  between  it  and  a  small  trian^ar 
area,  termed  the  tiigonnm  hab«nnlae. 

The  inferior  sniface  rests  upon  and  is  continuous  with  the  upward  prolongation 
of  the  tegmentum  (sabthalamie  tegmental  retimi),  in  front  of  which  it  is  related  to 
the  substantia  innominata  of  Meynert. 


The  mftdial  snitace  constitutes  the  upper  part  of  the  lateral  wali  of  the  third 
ventricle,  and  is  connected  to  the  corresponding  surface  of  the  opposite  thalamus 
by  a  flattened  gray  band,  the  mass*  bitennftdia  [middle  or  gray  commiaaure) .  This 
mass  averages  about  1  cm.  in  its  antero-posterior  diameter:  it  sometimes  consists 
of  two  parts  and  occasionally  is  absent.  It  contains  nerve  cells  and  nerve  fibres; 
a  few  of  the  latter  may  cross  the  middle  line,  but  most  of  them  pass  toward  the 
middle  line  and  then  curve  lateralward  on  the  same  side. 

The  lateral  stutaee  is  in  contact  with  a  thick  band  of  white  substance  which 
forms  the  occipital  part  of  the  internal  capsule  and  separ&te3  the  thalamus  from 
the  lentiform  nucleus  of  the  corpus  striatum. 

Structure. ^The  thalamus  consists  chiefly  of  gray  substance,  but  its  upper  sur- 
face is  covered  by  a  laj'cr  of  white  substance,  named  the  stratom  louls,  and  its 
lateral  surface  by  a  similar  layer  termed  the  lataral  mednlUrr  lamina.     Its  gray 
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substance  is  lEcompletely  subdivided  into  three  parts — anterior,  medial,  and  lateral 
—by  a  white  layer,  the  medial  madnllar;  lamina.  The  anterior  part  comprises  the 
anterior  tubercle,  the  medial  part  lies  next  the  lateral  wall  of  the  third  ventricle 
while  the  lateral  and  largest  part  is  interposed  between  the  medullary  laminae 
and  includes  the  pulvinar.  The  lateral  part  is  traversed  by  numerous  fibres  which 
radiate  from  the  thalamus  into  the  internal  capsule,  and  pass  through  the  latter 
to  the  cerebral  cortex.  These  three  parts  are  built  up  of  numerous  nuclei,  the 
connections  of  many  of  which  are  imperfectly  known. 


Choroid  pUnu  oj 


na.  7Z7. — Coronal  aectioo  of  brain  immedislely  in  front  of  poos. 

Connections. — ^The  thalamus  may  be  regarded  as  a  large  ganglionic  mass  in  which 
the  ascending  tracts  of  the  tegmentum  and  a  considerable  proportion  of  the  fibres 
of  the  optic  tract  end,  and  from  the  cells  of  which  numerous  fibres  (thalamocortical) 
take  origin,  and  radiate  to  almost  every  part  of  the  cerebral  cortex.  The  lemniscus, 
together  with  the  other  longitudinal  strands  of  the  tegmentum,  enters  its  ventral 
part:  the  thaluoomamilluy  fasciculus  Qiunih  of  Vicq  d'Asyr),  from  the  corpus 
mamUlare,  enters  in  its  anterior  tubercle,  while  many  of  the  fibres  of  the  optic 
tract  terminate  in  its  posterior  end.  The  thalamus  also  receives  numerous  fibres 
(corticothalamic)  from  the  cells  of  the  cerebral  cortex.  The  fibres  that  arise  from 
the  cells  of  the  thalamus  form  four  principal  groups  or  stalks:  (a)  those  of  the  ante- 
rior stalk  pa^  throu)^  the  frontal  part  of  the  internal  capsule  to  the  frontal  lobe; 
(6)  the  fibres  of  the  posterior  stalk  {optic  radiations)  arise  in  the  pulvinar  and  are 
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f-itnvtryt:*]  throMsA  tiie  w.-rripiul  part  o(  the  internal  (-a|>~ule  U>  the  nctipitai  xix:  '. 
th<f  filirtA  '«f  the  iMferior  italk  leave  the  umler  and  medial  surfaces  vt  ii«  thakEi^. 
aixl  |«'i%  Ijeiieath  the  lentifonn  nu'-ieu'^  t/i  the  temporal  lobe  and  in~aia:  i  those 
'^  the  pirirtal  italk  pa-is  fn>in  the  lateral  nucleus  of  the  thalamus  to  tee  puieiaj 
icflje.  Hhre^  al.v»  extend  frr^m  the  thalamus  into  the  corpus  striatitm — ih'« 
AmMiuA  for  the  caudate  nucleus  leave  the  lateral  surface,  and  tlnee  for  the  le;:ti- 
form  nucleus,  the  inferior  Mirfaw  of  the  thalamus. 


Mtillai  tnirlullary  lamina 
Third  wnirfcto 


A  inyj/ilaiind  miEitua 

The  HetathalamuB  (Fig.  729)  comprises  the  genicaUte  bodies,  which  are  two  in 
number-  -h  nwdial  and  a  lateral — on  each  side. 

TIk-  medial  ceniculate  bodj  {corpus  gentctdatum  mediate;  iviemal  geniculate  body; 
fHHitffeuiculatuvi)  lies  under  cover  of  the  pulvinar  of  the  thalamus  and  on  the  lateral 
aspect  of  the  corpora  qimdri^emina.  Oval  in  shape,  with  its  long  axis  directed 
forward  and  latcralwani,  it  is  lifihter  in  color  and  smaller  in  size  than  the  lateral. 
'I"he  inferior  brachium  from  the  inferior  colliculus  disappears  under  cover  of  it 
while  from  its  lateral  extremity  a  strand  of  fibres  passes  to  join  the  optic  tract, 
I'lnterinft  it  are  many  acoustic  fibres  from  the  lateral  lemniscus,  llie  medial 
([eniciilntc  hmlies  arc  connected  with  one  another  by  the  commissure  of  Gudden, 
which  pusses  throiiph  the  posterior  part  of  the  optic  chiasma. 

Tile  lateral  geniculate  body  {corpus  genictilatum  laierak;  external  geniculate  body; 
prrgruiriilatuiu)  is  an  nvnl  elevation  on  the  lateral  part  of  the  posterior  end  of  the 
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thalamus,  and  is  connected  with  the  superior  colliculus  by  the  superior  brachium. 
It  is  of  a  dark  color,  and  presents  a  laminated  arrangement  consisting  oF  alternate 
layers  of  gray  and  white  substance.  It  receives  numerous  fibres  from  the  optic 
tract,  while  other  fibres  of  this  tract  pass  o\er  or  through  it  into  the  pulvinar. 
Its  cells  are  large  and  pigmented;  their  axons  pass  to  the  visual  area  in  the  occipital 
■part  of  the  cerebral  cortex. 

The  superior  colliculus,  the  pulvinar,  and  the  lateral  geniculate  body  receive 
many  fibres  from  the  optic  tracts,  and  are  therefore  intimately  connected  with 
sight,  constituting  what  are  termed  the  lower  Tisnal  centres.  Extirpation  of  the 
eyes  in  a  newly  born  animal  entails  an  arrest  of  the  development  of  these  centres, 
but  has  no  effect  on  the  medial  geniculate  bodies  or  on  the  inferior  eolliculi.  More- 
over, the  latter  are  well-developed  in  the  mole,  an  animal  in  which  the  superior 
eolliculi  are  rudimentary. 

SHfjirwr  brachiuiu     Latti-al  geainilatt  bvdj/ 


Trocblrar  nrrrt 


GlmtBpharvngtal  and  wjriu  n 


Fio.  72fl.^HiDd-  »tid  niid-braiD>;  poBtero-lileral  view. 

The  Bpittaalanuis  comprises  the  triKtmnm  habenolae,  the  pineftl  body,  and  the 
posterior  eommissare. 

The  trigonom  hftb«sulae  is  a  small  depressed  triangular  area  situated  in  front 
of  the  superior  colliculus  and  on  the  lateral  aspect  of  the  posterior  part  of  the  taenia 
thalami.  It  contains  a  group  of  nerve  cells  termed  the  ganclion  habennlae.  Fibres 
enter  it  from  the  stalk  of  the  pineal  body,  and  others,  forming  what  is  termed  th^ 
babennlu  commissure,  pass  across  the  middle  line  to  the  corresponding  ganglion 
of  the  opposite  side.  Most  of  its  fibres  are,  however,  directed  downward  and  form 
a  bundle,  the  taacicolua  retroflexus  of  Meynert,  which  passes  medial  to  the  red 
nucleus,  and,  after  decussating  with  the  corresponding  fasciculus  of  the  opposite 
side,  ends  in  the  interpeduncular  ganglion. 

The  pineal  body  {corpus  pineale;  epiphysis)  is  a  small,  conical,  reddish-gray  body 
which  lies  in  the  depression  between  the  superior  eolliculi.  It  is  placed  beneath  the 
splenium  of  the  corpus  calJosum,  but  is  separated  from  this  by  the  tela  chorioidea 
of  the  third  ventricle,  the  lower  layer /"^hich  envelops  it.  It  measures  about 
8  cm.  in  length,  and  its  base,  directed  forward,  is  attached  by  a  stalk  or  peduncle 
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of  white  substance.  The  stalk  of  the  pineal  body  divides  anteriorly  into  two 
laminae,  a  dorsal  and  a  ventral,  separated  from  one  another  by  the  pineal  recess 
of  the  third  ventricle.  The  ventral  lamina  is  continuous  with  the  posterior  com- 
missure; the  dorsal  lamina  is  continuous  with  the  habenular  commissure  and 
divides  into  two  strands  the  medullary  striae,  which  run  forward,  one  on  either 
side,  along  the  junction  of  the  medial  and  upper  surfaces  of  the  thalamus  to  blend' 
in  front  with  the  columns  of  the  fornix. 

Stmetare. — The  pineal  body  is  destitute  of  nervous  substance,  and  consists  bf  follicles  lined 
by  epithelium  and  enveloped  by  connective  tissue.  These  follicles  contain  a  variable  quantity 
of  gritty  material,  composed  of  phosphate  and  carbonate  of  calcium,  phosphate  of  magnesium 
and  ammonia,  and  a  little  animal  matter. 

The  pineal  body  is  generally  believed  to  be  the  homologue  of  the  pineal  eye  of  lizards.  In 
these  animals  it  is  attached  by  an  elongated  stalk  and  projects  through  an  aperture  in  the  roof 
of  the  cranium.  Its  extremity  lies  immediately  under  the  epidermis,  and,  on  microscopic  exami- 
nation, presents  in  a  rudimentary  fashion  structures  similar  to  those  found  in  the  eyeball.  Recent 
observations  tend  to  the  conclusion  that  the  pineal  body  arises  as  a  paired  structure,  probably 
serially  homologous  with  the  paired  eyes. 

The  posterior  commissure  is  a  rounded  band  of  white  fibres  crossing  the  middle 
line  on  the  dorsal  aspect  of  the  upper  end  of  the  cerebral  aqueduct.  Its  fibres 
acquire  their  medullary  sheaths  early,  but  their  connections  have  not  been  definitely 
determined.  Most  of  them  have  their  origin  in  a  nucleus,  the  nucleus  of  the  poste- 
rior commissure  {nucleus  of  Darkscheivitsch) ,  which  lies  in  the  central  gray  substance 
of  the  upper  end  of  the  cerebral  aqueduct,  in  front  of  the  nucleus  of  the  oculomotor 
nerve.  Some  are  probably  derived  from  the  posterior  part  of  the  thalamus  and  from 
the  superior  coUiculus,  while  others  are  believed  to  be  Continued  downward  into 
the  medial  longitudinal  fasciculus. 

The  Hypothalamus  (Fig.  730)  includes  the  subthalamic  tegmental  region  and 
the  structures  forming  the  greater  part  of  the  floor  of  the  third  ventricle,  viz.,  the 
corpora  mamillaria,  tuber  cinereum,  infundibulum,  hypophjrsis,  and  optic  chiasma. 

The  subthalamic  tegmental  region  consists  of  the  upward  continuation  of  the 
tegmentum;  it  lies  on  the  ventro-lateral  aspect  of  the  thalamus  and  separates 
it  from  the  fibres  of  the  internal  capsule.  The  red  nucleus  and  the  substantia 
nigra  are  prolonged  into  its  lower  part;  in  front  it  is  continuous  with  the  substantia 
innominate  of  Meynert,  medially  with  the  gray  substance  of  the  floor  of  the  third 
ventricle. 

It  consists  from  above  downward  of  three  strata:  (1)  stratum  dorsale,  directly 
applied  to  the  under  surface  of  the  thalamus  and  consisting  of  fine  longitudinal 
fibres;  (2)  zona  incerta,  a  continuation  forward  of  the  formatio  reticularis  of  the 
tegmentum;  and  (3)  the  corpus  subthalamicum  {nucleus  of  Luys),  a  brownish  mass 
presenting  a  lenticidar  shape  on  transverse  section,  and  situated  on  the  dorsal 
aspect  of  the  fibres  of  the  base  of  the  cerebral  peduncle;  it  is  encapsuled  by  a  lamina 
of  nerve  fibres  and  contains  numerous  medium-sized  nerve  cells,  the  connections 
of  which  are  as  vet  not  fulty  determined. 

The  corpora  mamillaria  {corpus  cdbicantia)  are  two  round  white  masses,  each 
about  the  size  of  a  small  pea,  placed  side  by  side  below  the  gray  substance  of  the 
floor  of  the  third  ventricle  in  front  of  the  posterior  perforated  substance.  Th6y 
consist  of  white  substance  externally  and  of  gray  substance  internally,  the  cells  of 
the  latter  forming  two  nuclei,  a  medial  of  smaller  and  a  lateral  of  larger  cells.  The 
white  substance  is  mainly  formed  by  the  fibres  of  the  columns  of  the  fornix,  which 
descend  to  the  base  of  the  brain  and  end  partly  in  the  corpora  mamillaria.  From 
the  cells  of  the  gray  substance  of  each  mamillary  body  two  fasciculi  arise:  one, 
the  thalamomamillary  fasciculus  {bundle  of  Vicq  d'Azyr),  passes  upward  into  the 
anterior  nucleus  of  the  thalamus;  the  other  is  directed  downward  into  the  tegmen- 
tum. Afferent  fibres  are  believed  to  reach  the  corpus  mamillare  from  the  medial 
lemniscus  and  from  the  tegmentum. 
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The  tuber  cmerenm  is  a  hollow  eminence  of  gray  substance  situated  between 
the  corpora  mamillaria  behind,  and  the  optic  chiasma  in  front.     Laterally  it  b 

Tela  thoriotdea  qf  third  vfntticU     Porlcnor  commitntre 


Fid.  730.— Mediso  naitbil  aenioa  of  brtun.    Tbe  relstioDi  of  the  pia  mster  are  indiuuid  by  the  red  color. 

continuous  with  the  anterior  per- 
forated substances  and  anteriorly 
nith  a  thin  lamina,  the  iamina 
t«nniiulis.  From  the  under  surface 
of  the  tuber  cinereum  a  hollow 
conical  process,  the  infimdibiiliim, 
projects  downward  and  forward 
and  is  attached  to  the  posterior 
lobe  of  the  hypophysis. 

In  the  lateral  part  of  the  tuber  cine- 
reum is  a  nucleus  of  nerve  celle,  tbe  bastil 
optic  nucleut  oj  Meynert,  while  close  to 
the  cavity  of  the  third  ventricle  are  three 
additional  nuclei.  Between  the  tuber 
cinereum  aod  the  corpora  matniUaria  a 
small    elevation,    with    a   correaponding 

depression  in  the  third  ventricle,  is  some-  Fio.  731.— The  hypophyiia  cerebri,  in  pontion.    Shown  in 

limes  seen.     Retzius   has   named    it   the  ™eittd  Beciion.    ITatotl    i    i'   AQMri™  Md  pomerior  lob« 

emtTifntta  lacculane,  and    regards   it   as  a  Lamina  termiaiUis,     6.  Optic-  recen.     6.  AotaHor  cOTomimirs. 

representative    of   the   saccus  vasculosus  "'■7'-  ^"jn^%°'^'j  ^r^^'^lSi*™"''!^  S*''''s  mk^tf''" 

foimd    in   this  situation  in  some  of  the  12.  CerEbtii  peduocLc.    is.  Pons. 
lower  vertebrates.                         * 

The  hTpophTsis   {pituitary  body)   (Fig.  731)  is  a  reddish-gray,  somewhat  oval 
mass,  measuring  about  1.25  cm.  in  its  transverse,  and  about  8  cm.  in  its  antero- 
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posterior  diameter.  It  is  attached  to  the  end  of  the  infundibulum,  and  is  situated 
in  the  fossa  hypophyseos  of  the  sphenoidal  bone,  where  it  is  retained  by  a  circular 
fold  of  dura  mater,  the  diaptarapaa  sella;  this  fold  almost  completely  roofs  in  the 
fossa,  leaving  only  a  small  central  aperture  through  which  the  infundibulum  passes. 
The  hjijophysis  consists  of  an  anterior  and  a  posterior  lobe,  which  differ  from 
one  another  in  their  mode  of  development  and  in  their  structure  (Fig.  732).  The 
anterior  lobe  b  the  larger,  and  is  somewhat  kidney-shaped,  the  concavity  being 
directed  backward  and  embracing  the  posterior  lobe.  It  is  developed  from  a  diver- 
ticulum of  the  ectoderm  of  the  primitive  buccal  cavity  or  stomodeum  (see  page 
166)  and  consists  of  a  pars  anterior  and  a  pars  intermedia,  separated  from  each 
other  by  a  narrow  cleft,  the  remnant  of  the  pouch  or  diverticulum.  The  pars 
anterior  is  extremely  vascular  and  consists  of  epithelial  cells  of  varying  size  and 
shape,  arranged  in  cord-like  trabeculae  or  alveoli  and  separated  by  large,  thin- 
walled  bloodvessels.  The  pars  intermedia  is  a  thin  lamina  closely  applied  to  the 
body  and  neck  of  the  posterior  lobe  and  extending  on  to  the  neighboring  parts  of 
the  brain;  it  contains  few  bloodvessels  and  consists  of  finely  granular  cells  between 
which  are  small  masses  of  colloid  material.  The  posterior  lobe  is  developed  as  a 
downgrowth  from  the  floor  of  the  embrj'onic  brain,  and  during  early  fetal  life  con- 
tains a  cavity  continuous  with  that  of  the  third  ventricle.    In  some  animals,  e.  g., 


Pan  interjnrdia 
1.  732. — Modian  Ragittal  »otLi>ii  through  tha  byp<iphyuB  uf  An  ftdiill  morxkey,     SemidiaBTftmrbatii?.     (H*rnDt.) 

eat,  this  cavit\-  persists  throughout  life.  Although  of  nervous  origin  the  posterior 
lobe  contains  no  nerve  cells  or  fibres.  It  consists  of  neuroglia  cells  and  fibres  and 
invaded  by  columns  which  grow  into  it  from  the  pars  intermedia;  imbedded 
in  it  are  large  quantities  of  a  colloid  substance  histologically  similar  to  that  found 
in  the  thyroid  gland.  In  certain  of  the  lower  vertebrates,  e.  g.,  fishes,  nervous 
structures  are  present,  and  the  lobe  is  of  large  size. 

Applied  Aiutomr. — Prof.  Scbafer  has  isolated  from  the  pars  JQtermedia  a  eubstance,  do  doubt 
an  internal  secretion,  that  causes  constriction  of  the  bloodvessels,  rise  of  arterial  blood  prefflure, 
and  increased  secretion  of  urine,  when  injected  subcutaneously.  Enlargement  of  the  bypi>- 
phjrsis  and  of  the  cavity  of  the  sella  turcica  are  found  in  the  rare  disease  acromapoJy,  which  is 
characterized  by  gradual  enlargement  of  the  face,  bands,  and  feet,  with  headache  and  often  s 
peculiar  type  of  bUndness.  This  blindness  is  due  to  the  pressure  of  the  enlarging  hypophysis 
on  the  optic  chiasma  (Fig.  731).  The  pressure  causes  atrophy,  for  the  moat  part  of  the  nerve 
fibres  coming  from  the  nasal  sides  of  the  retinie;  with  the  result  that  the  patient  losea  his  two 
temporal  fields  of  vision  while  retaining  his  nasal  fields  (bitemporal  bemianopsy). 

Optic  Chiasma  (ckiasina  optxcum;  optic  commissure). — The  optic  chiasma  is  a 
flattened,  somewhat  quadrilateral  band  of  fibres,  situated  at  the  junction  of  the 
floor  and  anterior  wall  of  the  third  ventricle.    Most  of  its  fibres  have  their  origins 
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in  the  retina,  and  reach  the  chiasma  through  the  optic  nerves,  which  are  continuous 
with  its  antero-lateral  angles.  In  the  chiasma,  they  undergo  a  partial  decussation 
(Fig.  733) ;  the  fibres  from  the  nasal  half  of  the  retina  decussate  and  enter  the  optic 
tract  of  the  opposite  side,  while  the  fibres  from  the  temporal  half  of  the  retina  do 
not  undergo  decussation,  but  pass  back  into  the  optic  tract  of  the  same  side. 
Occupying  the  posterior  part  of  the  commissure,  however,  is  a  strand  of  fibres, 
the  comnuasore  of  Oadden,  which  is  not  derived  from  the  optic  nerves;  it  forms  a 
connecting  link  between  the  medial  geniculate  bodies. 


iteral  genkuiate  bod;/ 
iptriitr  cotlicuiiu 
ediat  geniculaU  body 

ucteut  of  oculoTnotor  nerM 

lu^Ie1M  of  trochiear  nerve 

\kUus  oJ  abducent  nerve 


Cortex  of  occipital  lijxa 
FiQ.  733.— Scheme  showing  centnl  conn^ctians  at  the  optic  nerves  and  optic  tncte. 

Optic  Tracts. — The  optic  tracts  are  continued  backward  and  lateralward  from 
the  postero-lateral  angles  of  the  optic  chiasma.  Each  passes  between  the  anterior 
perforated  substance  and  the  tuber  cinereum,  and,  winding  around  the  ventro- 
lateral aspect  of  the  cerebral  peduncle,  divides  into  a  medial  and  a  lateral  root. 
The  former  comprises  the  fibres  of  Gudden's  commissure.  The  lateral  root  consists 
mainly  of  afferent  fibres  which  arise  in  the  retina  and  undergo  partial  decussation 
in  the  optic  chiasma,  as  described;  but  it  also  contains  a  few  fine  efferent  fibres 
which  have  their  origins  in  the  brain  and  their  terminations  in  the  retina.  When 
traced  backward,  the  afferent  fibres  of  the  lateral  root  are  found  to  end  in  the  lateral 
geniculate  body  and  pulvinar  of  the  thalamus,  and  in  the  superior  collieulus;  and 
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these  three  structures  constitute  the  lower  Tisoal  centres.  Fibres  arise  from  the 
nerve  cells  in  these  centres  and  pass  through  the  occipital  part  of  the  internal 
capsule,  under  the  name  of  the  optic  radiations,  to  the  cortex  of  the  occipital  lobe 
of  the  cerebrum,  where  the  higher  or  cortical  Tisual  centre  is  situated.  Some  of  the 
fibres  of  the  optic  radiations  take  an  opposite  course,  arising  from  the  cells  of  the 
occipital  cortex  and  passing  to  the  lower  visual  centres.  Some  fibres  are  detached 
from  the  optic  tract,  and  pass  through  the  cerebral  peduncle  to  the  nucleus  of 
the  oculomotor  nerve.  These  may  be  regarded  as  the  afferent  branches  for  the 
Sphincter  pupillae  and  Ciliaris  muscles.  Other  fibres  have  been  described  as 
reaching  the  cerebellum  through  the  brachia  conjunctiva;  while  others,  again, 
are  lost  in  the  pons. 

The  Third  Ventricle  (verUricvlus  tertms)  (Figs.  726,  730).— The  third  ventricle  is 
a  median  cleft  between  the  two  thalaml.  Behind,  it  communicates  with  the  fourth 
ventricle  through  the  cerebral  aqueduct,  and  in  front  with  the  lateral  ventricles 
through  the  interventricular  foramen.  Somewhat  triangular  in  shape,  with  the 
ai>ex  directed  backward,  it  has  a  root,  a  floor,  an  anterior  and  a  posterior  boondur 
and  a  pair  of  lateral  walls, 


EpilMiul  lining 

Terminal  vein 
Choroid  pUitu  af 
lateral  venlricU 


Interna!  c 
BpOheiU 


Fio.  731.— COTonKl  sectkia  of  lalenl  and  third  vi 


The  roof  (Fig.  734)  is  formed  by  a  layer  of  epithelium,  which  stretches  between 
the  upper  edges  of  the  lateral  walls  of  the  cavity  and  is  continuous  with  the  epithe- 
lial lining  of  the  ventricle.  It  is  covered  by  and  adherent  to  a  fold  of  pia  mater, 
named  the  tela  chorioidea  of  the  third  ventricle,  from  the  under  surface  of  which 
a  pair  of  vascular  fringed  processes,  the  choroid  plexuses  ot  the  third  ventricle, 
project  downward,  one  on  either  side  of  the  middle  line,  and  invaglnate  the 
epithelial  roof  into  the  ventricular  cavity. 

The  floor  slopes  downward  and  forward  and  is  formed  mainly  by  the  structures 
which  constitute  the  hypothalamus:  from  before  backward  these  are:  the  optic 
chiasma,  the  tuber  cinereum  and  infundibulum,  and  the  corpora  mamillaria. 
Behind  the  last,  the  floor  is  formed  by  the  interpeduncular  fossa  and  the  tegmenta 
of  the  cerebral  peduncles.  The  ventricle  is  prolonged  downward  as  a  funnel- 
shaped  recess,  the  recessus  infundibuli,  into  the  infundibulum,  and  to  the  apex  of 
the  latter  the  hypophysis  is  attached. 

The  anterior  boundary  is  constituted  below  by  the  lamina  tertuinalis,  a  thin  layer 
of  gray  substance  stretching  from  the  upper  surface  of  the  optic  chiasma  to  the 
rostrum  of  the  corpus  callosum;  above  by  the  columns  of  the  fornix  and  the  anterior 
commissure.  At  the  junction  of  the  floor  and  anterior  wall,  immediately  abo\'e 
the  optic  chiasma,  the  ventricle  presents  a  small  angular  recess  or  diverticulum. 
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the  optic  recess.  Between  the  columns  of  the  fornix,  and  above  the  anterior 
commissure,  is  a  second  recess  termed  the  vulva.  At  the  junction  of  the  roof  and 
anterior  wall  of  the  ventricle,  and  situated  between  the  thalami  behind  and  the 
columns  of  the  fornix  in  front,  is  the  interrentricular  foramen  (foramen  of  Monro) 
through  which  the  third  communicates  with  the  lateral  ventricles. 

The  posterior  boundary  is  constituted  by  the  pineal  body,  the  posterior  commissure 
and  the  cerebral  aqueduct.  A  small  recess,  the  recessus  pinealis,  projects  into  the 
stalk  of  the  pineal  body,  while  in  front  of  and  above  the  pineal  body  is  a  second 
recess,  the  recessus  saprapinealis,  consisting  of  a  diverticulum  of  the  epithelium 
which  forms  the  ventricular  roof. 

Each  lateral  wall  consists  of  an  upper  portion  formed  by  the  medial  surface  of 
the  anterior  two-thirds  of  the  thalamus,  and  a  lower  consisting  of  an  upward 
continuation  of  the  gray  substance  of  the  ventricular  floor.  These  two  parts 
correspond  to  the  alar  and  basal  laminse  respectively  of  the  lateral  wall  of  the 
fore-brain  vesicle  and  are  separated  from  each  other  by  a  fiu'row,  the  sulcus  of 
Monro,  which  extends  from  the  interventricular  foramen  to  the  cerebral  aqueduct 
(pages  125  and  126).  The  lateral  wall  is  limited  above  by  the  taenia  thalami.  The 
columns  of  the  fornix  curve  downward  in  front  of  the  interventricular  foramen,  and 
then  run  in  the  lateral  walls  of  the  ventricle,  where,  at  first,  they  form  distinct 
prominences,  but  subsequently  are  lost  to  sight.  The  lateral  walls  are  joined  to 
each  other  across  the  cavity  of  the  ventricle  by  a  band  of  gray  matter,  the  massa 
intermedia  (page  856). 

Interpeduncular  Fossa  (Fig.  735). — This  is  a  somewhat  lozenge-shaped  area  of  the 
base  of  the  brain,  limited  in  front  by  the  optic  chiasma,  behind  by  the  antero- 
superior  surface  of  the  pons,  antero-laterally  by  the  converging  optic  tracts, 
and  postero-laterally  by  the  diverging  cerebral  peduncles.  The  structures  con- 
tained in  it  have  already  been  described;  from  behind  forward,  they  are  the  pos- 
terior perforated  substance,  corpora  mamillaria,  tuber  cinereum,  infundibulum, 
and  hypophysis. 

The  Telencephalon. — The  telencephalon  includes:  (1)  the  cerebral  hemispheres 
with  their  cavities,  the  lateral  ventricles;  and  (2)  the  pars  optica  hypothalami  and 
the  anterior  portion  of  the  third  ventricle  (already  described  under  the  dienceph- 
alon).  As  stated  in  the  chapter  on  Embryology  (page  128),  each  cerebral  hemi- 
sphere may  be  divided  into  three  fundamental  parts,  viz.,  the  rhinencephalon, 
the  corpus  striatum,  and  the  neopallium.  The  rhinencephalon,  associated  with 
the  sense  of  smell,  is  the  oldest  part  of  the  telencephalon,  and  forms  almost  the 
whole  of  the  hemisphere  in  some  of  the  lower  animals,  e,  g,,  fishes,  amphibians, 
and  reptiles.  In  man  it  is  rudimentary,  whereas  the  neopallium  undergoes  great 
development  and  forms  the  chief  part  of  the  hemisphere. 

The  Cerebral  Hemispheres. — ^The  cerebral  hemispheres  constitute  the  largest 
part  of  the  encephalon,  and,  when  viewed  together  from  above,  assume  the  form 
of  an  ovoid  mass  broader  behind  than  in  front,  the  greatest  transverse  diameter 
corresponding  with  a  line  connecting  the  two  parietal  eminences.  The  hemispheres 
are  separated  medially  by  a  deep  cleft,  named  the  longitudinal  cerebral  fissure, 
and  each  possesses  a  central  cavity,  the  lateral  ventricle. 

The  Longitudinal  Cerebral  Fissure  (fissura  cerebri  longitudinalis;  great  longitudinal 
fissure)  contains  a  sickle-shaped  process  of  dura  mater,  the  falz  cerebri.  It  front 
and  behind,  the  fissure  extends  from  the  upper  to  the  under  surfaces  of  the  hemi- 
spheres and  completely  separates  them,  but  its  middle  portion  only  separates  them 
for  about  one-half  of  their  vertical  extent;  for  at  this  part  they  are  connected  across 
the  middle  line  by  a  great  central  white  commissure,  the  corpus  callosum. 

In  a  median  sagittal  section  (Fig,  730)  the  cut  corpus  callosum  presents  the  . 
appearance  of  a  broad,  arched  band.  Itsthickposterior  end,  termed  the  splenium^  j 
overlaps  the  mid-brain,  but  is  separated  from  it  by  the  tela^orioidea  of  the  third 
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ventricle  and  the  pineal  body.  Its  anterior  curved  end,  termed  the  geno,  gradually 
tapers  into  a  thinner  portion,  the  rostmin,  which  is  continued  downward  and  back- 
ward in  front  of  the  anterior  commissure  to  join  the  lamina  terminalis.  Arching 
backward  from  immediately  behind  the  anterior  commissure  to  the  under  surface 
of  the  splenium  is  a  second  white  band  named  the  fornix:  between  this  and  the 
corpus  callosum  are  the  laminse  and  cavity  of  the  septum  pellucidum. 


Fia.  736.— Bue  of  bnia. 

Snrfaees  of  the  Cerebral  Hemispheres. — Each  hemisphere  presents  three  surfaces: 
lateral,  medial,  and  interior. 

The  lateral  surface  is  convex  in  adaptation  to  the  concavity  of  the  corresponding 
half  of  the  vault  of  the  cranium.  The  medial  snrfaee  is  flat  and  vertical,  and  is 
separated  from  that  of  the  opposite  hemipshere  by  the  great  longitudinal  fissure 
and  the  falx  cerebri.  The  inferior  surface  is  of  an  irregular  form,  and  may  be  divided 
into  three  areas:  anterior,  middle,  and  posterior.  The  anterior  area,  formed  by 
the  orbital  surface  of  the  frontal  lobe,  is  concave,  and  rests  on  the  roof  of  the  orbit 
and  nose;  the  middle  area  is  convex,  and  consists  of  the  under  surface  of  the  tem- 
poral lobe:  it  is  adapted  to  the  corresponding  half  of  the  middle  cranial  fossa.  The 
posterior  area  is  concave,  directed  medialward  as  well  as  downward,  and  is  named 
the  tentorial  snrfaee,  since  it  rests  upon  the  tentorium  cerebelli,  which  intervenes 
between  it  and  the  upper  surface  of  the  cerebellum. 

These  three  surfaces  are  separated  from  each  other  by  the  following  borden: 
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(a)  supero-medial,  between  the  lateral  and  medial  surfaces;  (b)  infero-lateral,  between 

the  lateral  and  inferior  surfaces;  the  anterior  part  of  this  border  separating  the 

lateral  from  the  orbital  surface,  is  known  as  the  superciliary  border;  (c)  medial 

occipital,  separating  the  medial  and  tentorial  surfaces;  and  (d)  medial  orbital, 

separating  the  orbital  from  the  medial  surface. 

The  anterior  end  of  the  hemisphere  is  named 

the  frontal  pole ;  the  posterior,  the  occipital  pole ; 

and  the  anterior  end  of  the  temporal  lobe,  the 

temporal   pole.    About  5  cm.  in  front  of  the 

occipital   pole  on  the  infero-lateral  border  is 

an  indentation  or  notch,  named  the  preoccipital 

notch. 

The  surfaces  of  the  hemispheres  are  moulded 
into  a  number  of  irregular  eminences,  named 
gyri  or  convolutions,  and  separated  by  furrows 
termed  fissures  and  sulci.  The  furrows  are  of 
two  kinds,  complete  and  incomplete.  The  former 
appear  early  in  fetal  life,  are  few  in  number, 
and  are  produced  by  infoldings  of  the  entire 
thickness  of  the  brain  wall,  and  give  rise  to 
corresponding  elevations  in  the  interior  of  the 
ventricle.  They  comprise  the  hippocampal  fis- 
sure, and  parts  of  the  calcarine  and  collateral 
fissures.  The  incomplete  furrows  are  very 
numerous,  and  only  indent  the  subjacent  white 
substance,  without  producing  any  corresponding 
elevations  in  the  ventricular  cavitv. 

The  gjTi  and  their  intervening  fissures  and 
the  sulci  are  fairly  constant  in  their  arrange- 
ment; at  the  same  time  they  vary  within  certain 
limits,  not  only  in  different  individuals,  but  on 
th^  two  hemispheres  of  the  same  brain.  The 
convoluted  condition  of  the  surface  permits  of 
a  great  increase  of  the  gray  matter  without  the 
sacrifice  of  much  additional  space.  The  num- 
ber and  extent  of  the  gyri,  as  well  as  the  depth 
of  the  intervening  furrows,  appear  to  bear  a 
direct  relation  to  the  intellectual  powers  of 
the  individual. 

Certain  of  the  fissures  and  sulci  are  utilized  for  the  purpose  of  dividing  the  hemi- 
sphere into  lobes,  and  are  therefore  termed  interlobular;  included  under  this  category 
are  the  lateral  cerebral,  parietooccipital,  calcarine,  and  collateral  fissures,  the 
central  and  cingulate  sulci,  and  the  sulcus  circularis. 

The  Lateral  Cerebral  Fissure  {fissura  cerebri  lateralis  [Sylvii] ;  fissure  of  Sylvius)  (Fig. 
737)  is  a  well-marked  cleft  on  the  inferior  and  lateral  surfaces  of  the  hemisphere, 
and  consists  of  a  short  .stem  which  divides  into  three  rami.  The  stem  is  situated 
on  the  base  of  the  brain,  and  commences  in  a  depression  at  the  lateral  angle  of  the 
anterior  perforated  substance.  From  this  point  it  extends  between  the  anterior 
part  of  the  temporal  lobe  and  the  orbital  surface  of  the  frontal  lobe,  and  reaches 
the  lateral  surface  of  the  hemisphere.  Here  it  divides  into  three  rami:  an  anterior 
horizontal,  an  anterior  ascending,  and  a  posterior.  The  anterior  horizontal  ramus 
passes  forward  for  about  2.5  cm.  into  the  inferior  frontal  gyrus,  while  the  anterior 
ascending  ramus  extends  upward  into  the  same  convolution  for  about  an  equal 
distance.  The  posterior  ramus  is  the  longest;  it  runs  backward  and  slightly  upward 
for  about  7  cm.,  and  ends  by  an  upward  inflexion  in  the  parietal  lobe. 


Fig.  736. — Lateral  surface  of  left  cerebral 
hemisphere,  viewed  from  above. 
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The  Ctntral  Snleiu  (stdcus  centralis  [Rolandi] ;  fissure  of  Rolando;  centred  fissure) 
(Figs.  736, 737)  is  situated  about  the  middle  of  the  lateral  surface  of  the  hemisphere, 
ami  begins  in  or  near  the  longitudinal  cerebral  fissure,  a  little  behind  its  mid-point. 
It  runs  sinuously  downward  and  forward,  and  ends  a  little  above  the  jjosterior 


Fio.  787. — Lateral  surface  of  left  cerebral  hemiaphere,  viewed  from  the  aide. 

ramus  of  the  lateral  fissure,  and  about  2.5  cm.  behind  the  anterior  ascending  ramus 
of  the  same  fissure.  It  described  two  chief  curves:  a  superior  genu  with  its  con- 
cavity directed  forward,  and  an  inferior  genu  with  its  concavity  directed  backward. 
The  central  sulcus  forms  an  angle  opening  forward  of  about  70®  with  the  median 
plane. 


Fig.  r«iS  — Me\li&l  surface  of  Mi  cerebral  lieiniapliere. 


TlM  Parielo5€ciittUi  Fissure  \^fi.^^mra  /xiriV/'iocri/'/Za/ii^. — Only  a  small  part  of  thb 
fissure  is  stx*n  on  the  lateral  surface  of  the  hemisphere,  its  chief  part  being  on  the 
meiiial  surfaiv. 
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The  lateral  part  of  the  parietooccipital  fissure  (Fig.  737)  is  situated  about  5  cm. 
in  front  of  the  occipital  pole  of  the  hemisphere,  and  measures  about  1.25  cm.  in 
length. 

The  medial  part  of  the  parietooccipital  fissure  (Fig.  738)  runs  downward  and  for- 
ward as  a  de^  cleft  on  the  medial  surface  of  the  hemisphere,  and  joins  the  calcarine 
fissiu'e  below  and  behind  the  posterior  end  of  the  corpus  callosum.  In  most  cases 
it  contains  a  submerged  gyrus. 

The  Calcarine  Fissure  {fissura  calcarina)  (Fig.  738)  is  on  the  medial  surface  of 
the  hemisphere.  It  begins  near  the  occipital  pole  in  two  converging  rami,  and  nms 
forward  to  a  point  a  little  below  the  spleniimi  of  the  corpus  callosum,  where  it  is 
joined  at  an  acute  angle  by  the  medial  part  of  the  parietooccipital  fissure.  The 
anterior  part  of  this  fissure  gives  rise  to  the  prominence  of  the  calcar  avis  in  the 
posterior  cornu  of  the  lateral  ventricle. 

The  Cingulate  Sulcus  (sulcus  cinguli;  callosomarginal  fissure)  (Fig.  738)  i?  on  the 
medial  siu^ace  of  the  hemisphere;  it  begins  below  the  anterior  end  of  the  corpus 
callosum  and  runs  upward  and  forward  nearly  parallel  to  the  rostrum  of  this  body 
and,  curving  in  front  of  the  genu,  is  continued  backward  above  the  corpus  callosum, 
and  finally  ascends  to  the  supero-medial  border  of  the  hemisphere  a  short  distance 
behind  the  upper  end  of  the  central  sulcus.  It  separates  the  superior  frontal  from 
the  cingulate  gyrus. 

The  Collateral  Fissure  {fissura  collateralis)  (Fig.  738)  is  on  the  tentorial  surface 
of  the  hemisphere  and  extends  from  near  the  occipital  pole  to  within  a  short  dis- 
tance of  the  temporal  pole.  Behind,  it  lies  below  and  lateral  to  the  calcarine  fissure, 
from  which  it  is  separated  by  the  lingual  gyrus;  in  front,  it  is  situated  between  the 
hippocampal  gyrus  and  the  anterior  part  of  the  fusiform  gyrus. 

The  Sulcus  Circularis  (drcuminsular  fissure)  (Fig.  741)  is  on  the  lower  and  lateral 
surfaces  of  the  hemisphere:  it  surrounds  the  insula  and  separates  it  from  the 
frontal,  parietal,  and  temporal  lobes. 

Lobes  of  the  Hemispheres. — By  means  of  these  fissures  and  sulci,  assisted  by 
certain  arbitrary  lines,  each  hemisphere  is  divided  into  the  following  lobes:  the 
frontal,  the  parietal,  the  temporal,  the  occipital,  the  limbic,  and  the  insula. 

Frontal  Lobe  (lobus  frontalis).— On  the  lateral  surface  of  the  hemisphere  this  lobe 
extends  from  the  frontal  pole  to  the  central  sulcus,  the  latter  separating  it  from 
the  parietal  lobe.  Below,  it  is  limited  by  the  posterior  ramus  of  the  lateral 
fissure,  which  intervenes  between  it  and  the  central  lobe.  On  the  medial  sur- 
face, it  is  separated  from  the  cingulate  gyrus  by  the  cingulate  sidcus;  and  on  the 
inferior  siu'face,  it  is  bounded  behind  by  the  stem  of  the  lateral  fissure. 

The  lateral  surface  of  the  frontal  lobe  (Fig.  737)  is  traversed  by  three  sulci  which 
divide  it  into  four  gyri:  the  sulci  are  named  the  precentral,  and  the  superior  and 
inferior  frontal;  the  gyri  are  the  anterior  central,  and  the  superior,  middle,  and 
inferior  frontal.  The  precentral  sulcus  runs  parallel  to  the  central  sulcus,  and  is 
usually  divided  into  an  upper  and  a  lower  part;  between  it  and  the  central  sulcus  is 
the  anterior  central  fi^yrus.  From  the  precentral  sulcus,  the  superior  and  inferior 
frontal  sulci  run  forward  and  downward,  and  divide  the  remainder  of  the  lateral 
surface  of  the  lobe  into  three  parallel  gyri,  named,  respectively  the  superior,  middle, 
and  inferior  frontal  gyri. 

The  anterior  central  gyrus  (gyrus  centralis  anterior;  ascending  frontal  convolution; 
precentral  gyre)  is  bounded  in  front  by  the  precentral  sulcus,  behind  by  the  central 
sulcus;  it  extends  from  the  supero-medial  border  of  the  hemisphere  to  the  posterior 
ramus  of  the  lateral  fissure. 

The  superior  frontal  gyrus  (gyrus  frontalis  superior;  superfrontal  gyre)  is  situated 
above  the  superior  frontal  sulcus  and  is  continued  on  to  the  medial  surface  of  the 
hemisphere.  The  portion  on  the  lateral  surface  of  the  hemisphere  is  usually  more 
or  less  completely  subdivided  into  an  upper  and  a  lower  part  by  an  antero- 
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posterior  sulcus,  the  paramedial  sulcus,  which,  however,  is  frequently  interrupted 
by  bridging  g>Ti. 

The  middle  frontal  gyrus  {gyrus  frontalis  medius;  medifronicU  gyre),  between  the 
superior  and  inferior  frontal  sulci,  is  continuous  with  the  anterior  orbital  g\Tus  on 
the  inferior  surface  of  the  hemisphere;  it  is  frequently  subdivided  into  two  by  a 
horizontal  sulcus,  the  medial  frontal  sulcus  of  Eberstaller,  which  ends  anteriorly  in 
a  wide  bifurcation. 

The  inferior  frontal  gyrus  (gyrus  frontalis  inferior;  subfrontal  gyre)  lies  below  the 
inferior  frontal  sulcus,  and  extends  forward  from  the  lower  part  of  the  precentral 
sulcus;  it  is  continuous  with  the  lateral  and  posterior  orbital  gyri  on  the  under 
surface  of  the  lobe.  It  is  subdivided  by  the  anterior  horizontal  and  ascending  rami 
of  the  lateral  fissure  into  three  parts,  viz.,  (1)  the  orbital  part,  below  the  anterior 
horizontal  ramus  of  the  fissure;  (2)  the  triangular  part  (cap  of  Broca),  between 
the  ascending  and  horizontal  rami;  and  (3)  the  basilar  part,  behind  the  anterior 
ascending  ramus.  The  left  inferior  frontal  gyrus  is,  as  a  rule,  more  highly 
developed  than  the  right,  and  is  named  the  gyrus  of  Broca,  from  the  fact  that 
Broca  described  it  as  the  centre  for  articulate  speech. 

The  inferior  or  orbital  surface  of  the  frontal  lobe  is  concave,  and  rests  on  the  orbital 
plate  of  the  frontal  bone  (Fig.  739).  It  is  divided  into  four  orbital  gyri  by  a  well- 
marked  H-shaped  orbital  sulcus.  These  are 
named,  from  their  position,  the  medial,  anterior, 
lateral,  and  posterior  orbital  gyri.  The  medial 
orbital  gyrus  presents  a  well-marked  antero- 
posterior sulcus,  the  olfactory  sulcus,  for  the 
olfactory  tract;  the  portion  medial  to  this  is 
named  the  straight  gyrus,  and  is  continuous  with 
the  superior  frontal  gyrus  on  the  medial  surface. 
The  medial  surface  of  the  frontal  lobe  is  occu- 
pied by  the  medial  part  of  the  superior  frontal 
gyrus  (marginal  gyrus)  (Fig.  738).  It  lies  be- 
tween the  cingulate  sulcus  and  the  supero-medial 
margin  of  the  hemisphere.  The  posterior  part 
of  this  gyrus  is  sometimes  marked  off  by  a  ver- 
tical sulcus,  and  is  distinguished  as  the  paracen- 
tral lobule,  .because  it  is  continuous  with  the 
anterior  and  posterior  central  gyri. 

Parietal  Lobe  (lohus  parietalis), — ^The  parietal 
lobe  is  separated  from  the  frontal  lobe  by  the 
central  sulcus,  but  its  boundaries  below  and 
behind  are  not  so  definite.  Posteriorly,  it  is  limited  by  the  parietooccipital  fissure, 
and  by  a  line  carried  across  the  hemisphere  from  the  end  of  this  fissure  toward 
the  preoccipital  notch.  Below,  it  is  separated  from  the  temporal  lobe  by  the 
posterior  ramus  of  the  lateral  fissure,  and  by  a  line  carried  backward  from  it  to 
meet  the  line  passing  downward  to  the  preoccipital  notch. 

The  lateral  surface  of  the  parietal  lobe  (Fig.  737)  is  cleft  by  a  well-marked  furrow, 
the  intraparietal  sulcus  of  Turner,  which  consists  of  an  oblique  and  a  horizontal 
portion.  The  oblique  part  is  named  the  postcentral  sulcus,  and  commences  below, 
about  midway  between  the  lower  end  of  the  central  sulcus  and  the  upturned  end 
of  the  lateral  fissure.  It  runs  upward  and  backward,  parallel  to  the  central  sulcus, 
and  is  sometimes  divided  into  an  upper  and  a  loiver  ramus.  It  forms  the  hinder 
limit  of  the  posterior  central  gyrus. 

From  about  the  middle  of  the  postcentral  sulcus,  or  from  the  upper  end  of  its 
inferior  ramus,  the  horisontal  portion  of  the  intraparietal  sulcus  is  carried  backward 
and  slightly  upward  on  the  parietal  lobe,  and  is  prolonged,  under  the  name  of  the 


Fio.  TSQ.'-Orbital  surface  of  left  frontAl  lobe. 
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occipital  ramus,  on  to  the  occipital  lobe,  where  it  divides  into  two  parts,  which  form 
nearly  a  right  angle  with  the  main  stem  and  constitute  the  transTerse  occipital  sulcus. 
The  part  of  the  parietal  lobe  above  the  horizontal  portion  of  the  intraparietal 
sulcus  is  named  the  svqierior  parietal  lobule;  the  part  below,  the  inferior  parietal  lobule. 

The  posterior  central  gyrus  {gyrus  centralis  posterior;  ascending  parietal  convolution; 
postcentral  gyre)  extends  from  the  longitudinal  fissure  above  to  the  posterior  ramus 
of  the  lateral  fissure  belbw.  It  lies  parallel  with  the  anterior  central  gyrus,  with 
which  it  is  connected  below,  and  also,  sometimes,  above,  the  central  sulcus. 

The  superior  parietal  lobule  (lohulus  parietalis  superior)  is  bounded  in  front  by 
the  upper  part  of  the  postcentral  sulcus,  but  is  usually  connected  with  the  pos- 
terior central  gyrus  above  the  end  of  the  sulcus;  behind  it  is  the  lateral  part  of 
the  parietooccipital  fissure,  around  the  end  of  which  it  is  joined  to  the  occipital 
lobe  by  a  curved  g>Tus,  the  arcus  parietooccipitalis ;  below,  it  is  separated  from  the 
inferior  parietal  lobule  by  the  horizontal  portion  of  the  intraparietal  sulcus. 

The  inferior  parietal  lobule  {Icbulus  parietalis  inferior;  suhparietal  district  or  lobule) 
lies  below  the  horizontal  portion  of  the  intraparietal  sulcus,  and  behind  the  lower 
part  of  the  postcentral  sulcus.  It  is  divided  from  before  backward  into  two  gyri. 
One,  the  supramarginal,  arches  over  the  upturned  end  of  the  lateral  fissure;  it  is 
continuous  in  front  with  the  postcentral  gyrus,  and  behind  with  the  superior  tem- 
poral gyrus.  The  second,  the  angular,  arches  over  the  posterior  end  of  the  superior 
temporal  sulcus,  behind  which  it  is  continuous  with  the  middle  temporal  gyrus. 

The  medial  surface  of  the  parietal  lobe  (Fig.  738)  is  bounded  behind  by  the 
medial  part  of  the  parietooccipital  fissure;  in  front,  by  the  posterior  end  of  the  cin- 
gulate  sulcus;  and  below,  it  is  separated  from  the  cingulate  gyrus  by  the  subparietal 
sulcus.  It  is  of  small  size,  and  consists  of  a  square-shaped  convolution,  which  is 
termed  the  precuneus  or  quadrate  lobe. 

Occipital  Lobe  (lolms  occipitalis). — ^The  occipital  lobe  is  small  and  pyramidal 
in  shape;  it  presents  three  surfaces:  lateral,  medial,  and  tentorial. 

The  lateral  surface  is  limited  in  front  by  the  lateral  part  of  the  parietooccipital 
fissure,  and  by  a  line  carried  from  the  end  of  this  fissure  to  the  preoccipital  notch; 
it  is  traversed  by  the  transverse  occipital  and  the  lateral  occipital  sulci.  The 
transTerse  occipital  sulcus  is  continuous  with  the  posterior  end  of  the  occipital 
ramus  of  the  intraparietal  sulcus,  and  runs  across  the  upper  part  of  the  lobe,  a 
short  distance  behind  the  parietooccipital  fissure.  The  lateral  occipital  sulcus 
extends  from  behind  forward,  and  divides  the  lateral  surface  of  the  occipital  lobe 
into  a  superior  and  an  inferior  gyrus,  which  are  continuous  in  front  with  the  parietal 
and  temporal  lobes.^ 

The  medial  surface  of  the  occipital  lobe  is  bounded  in  front  by  the  medial  part 
of  the  parietooccipital  fissure,  and  is  traversed  by  the  calcarine  fissure,  which 
subdivides  it  into  the  cuneus  and  the  lingual  gyrus.  The  cuneus  is  a  wedge-shaped 
area  between  the  calcarine  fissure  and  the  medial  part  of  the  parietooccipital 
fissure.  The  lingual  gyrus  lies  between  the  calcarine  fissure  and  the  posterior  part 
of  the  collateral  fissure;  behind,  it  reaches  the  occipital  pole;  in  front,  it  is  con- 
tinued on  to  the  tentorial  surface  of  the  temporal  lobe,  and  joins  the  hippocampal 
gyrus. 

The  tentorial  surface  of  the  occipital  lobe  is  limited  in  front  by  an  imaginary 
transverse  line  through  the  preoccipital  notch,  and  consists  of  the  posterior  part 
of  the  fusiform  gyrus  {occipitotemporal  convolution)  and  the  lower  part  of  the  lingual 
gyrus,  which  are  separated  from  each  other  by  the  posterior  segment  of  the 
collateral  fissure. 

Temporal  Lobe  {lobus  temporalis). — ^The  temporal  lobe  presents  superior,  lateral, 
and  inferior  surfaces. 

1  EUiot  Smith  has  named  the  lateral  occipital  sulcus  the  8ulcu9  lunatuM;  he  regards  it  as  the  representative,  in  the 
human  brain,  of  the  "Affenspalte"  of  the  brain  of  the  ape. 
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The  superior  surface  forms  the  lower  limit  of  the  lateral  fissure  and  overlaps 
the  insula.  On  opening  out  the  lateral  fissure,  three  or  four  gyri  will  be  seen  spring- 
ing from  the  depth  of  the  hinder  end  of  the  fissure,  and  running  obliquely  forward 
and  outward  on  the  posterior  part  of  the  upper  surface  of  the  superior  temporal 
gyrus;  these  are  named  the  transTerse  temporal  gyri  (Heschl)  (Fig.  740). 

The  lateral  surface  (Fig.  737)  is  bounded  above  by  the  posterior  ramus  of  the 
lateral  fissure,  and  by  the  imaginary  line  continued  backward  from  it;  belov, 
it  is  limited  by  the  infero-lateral  border  of  the  hemisphere.  It  is  divided  into 
superior,  middle,  and  inferior  gyri  by  the  superior  and  middle  temporal  sulci. 
The  superior  temporal  sulcus  runs  from  before  backward  across  the  temporal  lob«, 
some  little  distance  below,  but  parallel  with,  the  posterior  ramus  of  the  lateral 
fissure;  and  hence  it  is  often  termed  the  parallel  sulcus.  The  ndddle  temporal  snlctis 
takes  the  same  direction  as  the  superior,  but  is  situated  at  a  lower  level,  and  is 
usually  subdivided  into  two  or  more  parts.   The  superior  temporal  gyna  lies  between 


■niiform  nuctetu 
TranmifTM  temporal  ggri  «*■""'  cnj""^ 
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the  posterior  ramus  of  the  lateral  fissure  and  the  superior  temporal  sulcus,  and  is 
continuous  behind  with  the  supramarginal  and  angular  gyri.  The  middle  tempoiil 
gyna  is  placed  between  the  superior  and  middle  temporal  sulci,  and  is  joined  pos- 
teriorly with  the  angular  gyrus.  The  inferior  temporal  gyms  is  placed  below  the 
middle  temporal  sulcus,  and  is  connected  behind  with  the  inferior  occipital  gyms; 
it  also  extends  around  the  infero-lateral  border  on  to  the  inferior  surface  of  the 
temporal  lobe,  where  it  is  limited  by  the  inferior  sulcus. 

The  inferior  surface  is  concave,  and  is  continuous  posteriorly  with  the  tentorial 
surface  of  the  occipital  lobe.  It  is  traversed  by  the  inferior  temporal  sulcus,  which 
extends  from  near  the  occipital  pole  behind,  to  within  a  short  distance  of  the  tem- 
poral pole  in  front,  but  is  frequently  subdivided  by  bridging  gyri.  Lateral  to  this 
fissure  is  the  narrow  tentorial  part  of  the  inferior  temporal  gyrus,  and  medial  to 
it  the  fusiform  Kyrus,  which  extends  from  the  occipital  to  the  temporal  pole;  this 
gyrus  is  limited  medially  by  the  collateral  fissure,  which  separates  it  from  the 
lingual  gyrus  behind  and  from  the  hippocampal  gyrus  in  front. 
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The  iDsuU  (island  of  Reil;  central  lobe)  (Fig,  741)  lies  deeply  in  the  lateral  or 
Sylvian  fissure,  and  can  only  be  seen  when  the  lips  of  that  fissure  are  widely  sep- 
arated, since  it  is  overlapped  and  hidden  by  the  gjri  which  bound  the  fissure. 
These  gjTi  are  termed  the  opercola  ol  the  insula;  they  are  separated  from  each  other 
by  the  three  rami  of  the  lateral  fissure,  and  are  named  the  orbital,  frontal,  fronto- 
parietal, and  temporal  opercula.  The  orbital  opercnlnm  lies  below  the  anterior 
horizontal  ramus  of  the  fissure,  the  frontal  between  this  and  the  anterior  ascending 
ramus,  the  parietal  between  the  anterior  ascending  ramus  and  the  upturned  end 
of  the  posterior  ramus,  and  the  temporal  below  the  posterior  ramus.  The  frontal 
operculum  is  of  smalt  size  in  those  cases  where  the  anterior  horizontal  and  ascending 
rami  of  the  lateral  fissure  arise  from  a  common  stem.  The  insula  is  surrounded 
by  a  deep  circular  sulcus  which  separates  it  from  the  frontal,  parietal,  and  temporal 
lobes.  When  the  opercula  have  been  removed,  the  insula  is  seen  as  a  triangular 
eminence,  the  apex  of  which  is  directed  toward  the  anterior  perforated  substance. 
It  is  divided  into  a  larger  anterior  and  a  smaller  posterior  part  by  a  deep  sulcus, 
which  runs  backward  and  upward  from  the  apex  of  the  insula.  The  anterior 
part  is  subdivided  by  shallow  sulci  into  three  or  four  short  gyri,  while  the  posterior 
part  is  formed  by  one  long  gyrus,  which  is  often  bifurcated  at  its  upper  end.  The 
cortical  gray  substance  of  the  insula  is  continuous  with  that  of  the  different  opercula, 
while  its  deep  surface  corresponds  with  the  lentiform  nucleus  of  the  corpus  striatum. 


Fio.  741,— The  in 


Limbic  Lobe  (Fig.  738).— The  term  limbic  lobe  was  introduced  by  Broca,  and 
under  it  he  included  the  cingulate  and  hippocampal  gyri,  which  together  arch 
around  the  corpus  callosum  and  the  hippocampal  fissure.  These  he  separated  on 
the  morphological  ground  that  they  are  well-developed  in  animals  possessing  a 
keen  sense  of  smell  (osmatic  animals),  such  as  the  dog  and  fox.  They  were  thus 
regarded  as  a  part  of  the  rhinencephalon,  but  it  is  now  recognized  that  thej'  belong 
to  the  neopallium;  the  cingulate  gyrus  is  therefore  sometimes  described  as  a  part 
of  the  frontal  lobe,  and  the  hippocampal  as  a  part  of  the  temporal  lobe. 

The  cingulate  gyrus  {.gyrus  civ-guti;  calhsal  conxobttion)  is  an  arch-shaped  convo- 
lution, lying  in  close  relation  to  the  superficial  surface  of  the  corpus  callosum, 
from  which  it  is  separated  by  a  slit-tike  fissure,  the  callosal  fissure.  It  commences 
below  the  rostrum  of  the  corpus  callosum,  curves  around  in  front  of  the  genu, 
extends  along  the  upper  surface  of  the  bodj',  and  finally'  turns  downward  behind 
the  splenium,  where  it  is  connected  by  a  narrow  isthmus  with  the  hippocampal 
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gyrus.  It  is  separated  from  the  medial  part  of  the  superior  frontal  gyrus  by  the 
cingulate  sulcus,  and  from  the  precuneus  by  the  subparietal  sulcus. 

The  hippocampal  gyrus  {gyrus  hippocampi)  is  bounded  above  by  the  hippocampal 
fissure,  and  below  by  the  anterior  part  of  the  collateral  fissure.  Behind,  it  is  con- 
tinuous superiorly,  through  the  isthmus,  with  the  cingulate  gyrus  and  inferiorly 
with  the  lingual  gyrus.  Running  in  the  substance  of  the  cingulate  and  hippocampal 
gyri,  and  connecting  them  together,  is  a  tract  of  arched  fibres,  named  the  cingolum 
(page  890).  The  anterior  extremity  of  the  hippocampal  gyrus  is  recurved  in  the 
form  of  a  hook  (uncus),  which  is  separated  from  the  apex  of  the  temporal  lobe  by 
a  slight  fissure,  the  incisura  temporalis.  Although  superficially  continuous  with  the 
hippocampal  gyrus,  the  uncus  forms  morphologically  a  part  of  the  rhinencephalon. 

The  Hippocampal  Fissure  {fissura  hippocampi;  dentate  fissure)  begins  immediately 
behind  the  splenium  of  the  corpus  callosum,  and  runs  forward  between  the  hippo- 
campal and  dentate  gyri  to  end  in  the  uncus.  It  is  a  complete  fissure  (page  867), 
and  gives  rise  to  the  prominence  of  the  hippocampus  in  the  inferior  cornu  of  the 
lateral  ventricle. 

Gyrus  eupracalloatis 


Fascia  dewUUa 
hippocampi 


Lateral  root 
Anterior  perforated  substance 


Uncus 
Band  of  Oiacomini 


^  Fig.  742. — Scheme  of  rhinencephalon. 

Rhinencephalon  (Fig.  742) . — ^The  rhinencephalon  comprises  the  olfactory  lobe, 
the  uncus,  the  subcallosal  and  supracallosal  gyri,  the  fascia  dentata  hippocampi, 
the  septum  pellucidum,  the  fornix,  and  the  hippocampus. 

1.  The  Olfactory  Lobe  {lobus  olfactoritis)  is  situated  under  the  inferior  or  orbital 
surface  of  the  frontal  lobe.  In  many  vertebrates  it  constitutes  a  w^ell-marked 
portion  of  the  hemisphere  and  contains  an  extension  of  the  lateral  ventricle;  but 
in  man  and  some  other  mammals  it  is  rudimentary.  It  consists  of  the  olfactory 
bulb  and  tract,  the  olfactory  trigone,  the  parolfactory  area  of  Broca,  and  the  anterior 
perforated  substance. 

(a)  The  olfactory  bulb  (bulbus  olfactorius)  is  an  oval,  reddish-gray  mass  which 
rests  on  the  cribriform  plate  of  the  ethmoid  and  forms  the  anterior  expanded 
extremity  of  the  olfactory  tract.  Its  under  surface  receives  the  olfactory  nerves, 
which  pass  upward  through  the  cribriform  plate  from  the  olfactory  region  of  the 
nasal  cavity.    Its  minute  structure  is  described  on  page  893. 

(6)  The  olfactory  tract  (iractus  olfactorius)  is  a  narrow  white  band,  triangular 
on  coronal  section,  the  apex  being  directed  upward.  It  lies  in  the  olfactory  sulcus 
on  the  inferior  surface  of  the  frontal  lobe,  and  divides  posteriorly  into  two  striae, 
a  medial  and  a  lateral.    The  lateral  stria  is  directed  across  the  lateral  part  of  the 
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anterior  perforated  substance  and  then  bends  abruptly  medialward  toward  the 
uncus  of  the  hippocampal  gyrus.  The  medial  stria  turns  medialward  behind 
the  parolfactory  area  and  ends  in  the  subcallosal  gyrus;  in  some  cases  a  small 
intennedlate  stria  is  seen  running  backward  to  the  anterior  perforated  substance. 

(c)  The  olfactory  trigone  (trigonum  olfactorium)  is  a  small  triangular  area  in  front 
of  the  anterior  perforated  substance.  Its  apex,  directed  forward,  occupies  the 
posterior  part  of  the  olfactory  sulcus,  and  is  brought  into  view  by  throwing  back 
the  olfactory  tract. 

{d)  The  parolfactory  area  of  Broca  {area  parolfactoria)  is  a  small  triangular  field 
on  the  medial  surface  of  the  hemisphere  in  front  of  the  subcallosal  gyrus,  from  which 
it  is  separated  by  the  posterior  parolfactory  sulcus;  it  is  continuous  below  with 
the  olfactory  trigone,  and  above  and  in  front  with  the  cingulate  gyrus;  it  is  limited 
anteriorly  by  the  anterior  parolfactory  sulcus. 

(e)  The  anterior  perforated  substance  (substantia  perforata  anterior)  is  an  irregularly 
quadrilateral  area  in  front  of  the  optic  tract  and  behind  the  olfactory  trigone, 
from  which  it  is  separated  by  the  fissure  prima;  medially  and  in  front  it  is  continuous 
with  the  subcallosal  gyrus;  laterally  it  is  bounded  by  the  lateral  stria  of  the  olfactory 
tract  and  is  continued  into  the  uncus.  Its  gray  substance  is  confluent  above 
with  that  of  the  corpus  striatum,  and  is  perforated  anteriorly  by  numerous  small 
bloodvessels. 

2.  The  Uncus  has  already  been  described  (page  874)  as  the  recurved,  hook-like 
portion  of  the  hippocampal  gyrus. 

3.  The  Subcallosal,  SupracsJlosal,  and  Dentate  Gyri  form  a  rudimentary  arch- 
shaped  lamina  of  gray  substance  extending  over  the  corpus  callosum  and  above 
the  hippocampal  gyrus  from  the  anterior  perforated  substance  to  the  uncus. 

(a)  The  subcallosal  gyrus  (gyrus  subcallosits;  peduncle  of  the  corpus  callosum)  is 
a  narrow  lamina  on  the  medial  surface  of  the  hemisphere  in  front  of  the  lamina 
terminalis,  behind  the  parolfactory  area,  and  below  the  rostrum  of  the  corpus 
callosum.  It  is  continuous  around  the  genu  of  the. corpus  callosum  with  the  supra- 
callosal  g\Tus. 

(b)  The  supracallosal  gyrus  (indu^ium  griseum;  gyrus  epicallosus)  consists  of  a 
thin  layer  of  gray  substance  in  contact  with  the  upper  surface  of  the  corpus 
callosum  and  continuous  laterally  with  the  gray  substance  of  the  cingulate  gyrus. 
It  contains  two  longitudinally  directed  strands  of  fibres  termed  respectively  the 
medial  and  lateral  longitudinal  stri».  The  supracallosal  gyrus  is  prolonged  around 
the  splenium  of  the  corpus  callosum  as  a  delicate  lamina,  the  fasciola  cinerea, 
which  is  continuous  below  with  the  fascia  dentata  hippocampi. 

(c)  The  fascia  dentata  hippocampi  (gyrus  dentatus)  is  a  narrow  band  extending 
downward  and  forward  above  the  hippocampal  gyrus  but  separated  from  it  by . 
the  hippocampal  fissure;  its  free  margin  is  notched  and  overlapped  by  the  fimbria 
— ^the  fimbriodentate  fissure  intervening.  Anteriorly  it  is  continued  into  the  notch 
of  the  uncus,  where  it  forms  a  sharp  bend  and  is  then  prolonged  as  a  delicate  band, 
the  band  of  Giacomini,  over  the  incus,  on  the  lateral  surface  of  which  it  is  lost. 

The  remaining  parts  of  the  rhinencephalon,  viz.,  the  septum  pellucidum,  fornix, 
and  hippocampus,  will  be  described  in  connection  with  the  lateral  ventricle. 

Interior  of  the  Cerebral  Hemispheres. — If  the  upper  part  of  either  hemisphere  be 
removed,  at  a  level  about  1.25  cm.  above  the  corpus  callosum,  the  central  white  sub- 
stance will  be  exposed  as  an  oval-shaped  area,  the  centrum  ovale  minus,  surrounded 
by  a  narrow  convoluted  margin  of  gray  substance,  and  studded  with  numerous 
minute  red  dots  (puncta  vasculosa),  produced  by  the  escape  of  blood  from  divided 
bloodvessels.  If  the  remaining  portions  of  the  hemispheres  be  slightly  drawn  apart 
a  broad  band  of  white  substance,  the  corpus  callosum,  will  be  observed,  connecting 
them  at  the  bottom  of  the  longitudinal  fissure;  the  margins  of  the  hemispheres 
which  overlap  the  corpus  callosum  are  called  the  labia  cerebri.    Each  labrium  is 
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part  of  the  cingulate  gyms  already  described;  and  the  sUt-Hke  interval  between 
it  and  the  upper  surface  of  the  corpus  callosum  is  termed  the  callosal  flssim  (Fig. 
738) .  If  the  hemispheres  be  sliced  oif  to  a  level  with  the  upper  surface  of  the  corpus 
callosum,  the  white  substance  of  that  structure  will  be  seen  connecting  the  two 
hemispheres.  The  large  expanse  of  medullary  matter  now  exposed,  surrounded  by 
the  convoluted  margin  of  gray  substance,  is  called  the  centrom  ovale  majua. 

The  Corpiu  Callosum  (Fig.  743)  is  the  great  transverse  commissure  which  unites 
the  cerebral  hemispheres  and  roofs  in  the  lateral  ventricles.  A  good  conception 
of  its  position  and  size  is  obtained  by  examining  a  median  sagittal  section  of  the 
brain  (Fig.  730),  when  it  is  seen  to  form  an  arched  structure  about  10  cm.  long. 
Its  anterior  end  is  about  4  em.  from  the  frontal  pole,  and  its  posterior  end  about 
6  cm.  from  the  occipital  pole  of  the  hemisphere. 


Fia.  743.— Corpus  cnUoBum  from  iibove. 

The  anterioi  »nd  is  named  the  fenn,  and  is  bent  downward  and  backward  in  front 
of  the  septum  pellucidum ;  diminishing  rapidly  in  thickness,  it  is  prolonged  backward 
under  the  name  of  the  rostrum,  which  is  connected  below  with  the  lamina  terminalis. 
The  anterior  cerebral  arteries  are  in  contact  with  the  under  surface  of  the  rostrum; 
they  then  arch  over  the  front  of  the  genu,  and  are  carried  backward  above  the  body 
of  the  corpus  callosum. 

The  posterior  end  is  termed  the  spleniom  and  constitutes  the  thickest  part  of  the 
corpus  callosum.  It  overlaps  the  tela  chorioidea  of  the  third  ventricle  and  the 
mesencephalon,  and  ends  in  a  thick,  convex,  free  border.    A  sagittal  section  of 
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the  splenium  shows  that  the  posterior  end  of  the  corpus  callosum  is  acutely  bent 
forward,  the  upper  and  lower  parts  being  applied  to  each  other. 

The  superior  surface  is  convex  from  before  backward,  and  is  about  2.5  cm.  wide. 
Its  medial  part  forms  the  bottom  of  the  longitudinal  fissure,  and  is  in  contact 
posteriorly  with  the  lower  border  of  the  falx  cerebri.  Laterally  it  is  overlapped  by 
the  cingulate  gyrus,  but  is  separated  from  it  by  the  slit-like  callosal  fissure.  It  is 
traversed  by  numerous  transverse  ridges  and  furrows,  and  is  covered  by  a  thin 
layer  of  gray  matter,  the  siqiracaUosal  gyrus,  which  exhibits  on  either  side  of  the 
middle  line  the  medial  and  lateral  longitudinal  striae,  already  described  (page  875). 

The  inferior  surface  is  concave,  and  forms  on  either  side  of  the  middle  line  the 
roof  of  the  lateral  ventricle.  Medially,  this  surface  is  attached  in  front  to  the 
septum  pellucidum;  behind  this  it  is  fused  with  the  upper  surface  of  the  body 
of  the  fornix,  while  the  splenium  is  in  contact  with  the  tela  chorioidea. 

On  either  side,  the  fibres  of  the  corpus  callosum  radiate  in  the  white  substance 
and  pass  to  the  various  parts  of  the  cerebral  cortex;  those  curving  forward  from  the 
genu  into  the  frontal  lobe  constitute  the  forceps  anterior,  and  those  curving  backward 
into  the  occipital  lobe,  the  forceps  posterior.  Between  these  two  parts  is  the  main 
body  of  the  fibres  which  constitute  the  tapetum  and  extend  laterally  on  either  side 
into  the  temporal  lobe,  and  cover  in  the  central  part  of  the  lateral  ventricle. 


Cerebral  aqueduct 

Fourth  venlrich 
FiQ.  744. — Scheme  showing  relationa  of  the  yentridea  to  the  surface  of  the  brain. 

The  Lateral  Ventricles  (ventriculiis  lateralis)  (Fig.  744). — ^The  two  lateral  ventricles 
are  irregular  cavities  situated  in  the  lower  and  medial  parts  of  the  cerebral  hemi- 
spheres, one  on  either  side  of  the  middle  line.  They  are  separated  from  each  other 
by  a  median  vertical  partition,  the  septum  pellucidum,  but  communicate  with  the 
third  ventricle  and  indirectly  with  each  other  through  the  interventricular  foramen. 
They  are  lined  by  a  thin,  diaphanous  membrane,  the  ependjrma,  covered  by  ciliated 
epithelium,  and  contain  cerebrospinal  fluid,  which,  even  in  health,  may  be  secreted 
in  considerable  amount.  Each  lateral  ventricle  consists  of  a  central  part  or  body, 
and  three  prolongations  from  it,  termed  comua  (Figs.  745, 746). 

The  central  part  (pars  centralis  ventriculi  lateralis;  cella)  (Fig.  747)  of  the  lateral 
ventricle  extends  from  the  interventricular  foramen  to  the  splenium  of  the  corpus 
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callosum.  It  is  an  irregularly  curved  cavity,  triangular  on  transverse  section, 
with  a  roof,  a  floor,  and  a  medial  wall.  The  roof  is  formed  by  the  under  surface  of 
the  corpus  callosum ;  the  floor  by  the  following  parts,  enumerated  in  their  order  of 
position,  from  before  backward:  the  caudate  nucleus  of  the  corpus  striatum,  the 


la  of  a  cut  d[  the  vi 


stria  terminalis  and  the  terminal  vein,  the  lateral  portion  of  the  upper  surface  of 
the  thalamus,  the  choroid  plexus,  and  the  lateral  part  of  thefornix;  the  medial 
wall  is  the  posterior  part  of  the  septum  pellucldum,  which  separates  it  from  the 
opposite  ventricle. 

IntavtnlTKvUar  joratnta 


Fra.  7«.— Dmwii 


The  anterior  coma  {corn-u  antenna;  anferior  horn;  ;)recorttw)  (Fig.  746)  passes 
forward  and  laferalward.with  a  slight  inclination  downward,  from  the  interventric- 
ular foramen  into  the  frontal  lobe,  curving  around  the  anterior  end  of  the  caudate 
nucleus.    Its  floor  is  formed  by  the  upper  surface  of  the  reflected  portion  of  the 
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corpus  callosum,  the  rosbmn.  It  is  bounded  medially  by  the  anterior  portion 
of  the  septum  pellucidum,  and  laterally  by  the  head  of  the  caudate  nucleus.  Its 
apex  reaches  the  posterior  surface  of  the  genu  of  the  corpus  callosum. 

The  postwior  coniu'(comjt  postenvs;  postcomu)  (Figs.  747,  748}  passes  into  the 
occipital  lobe,  its  direction  being  backward  and  lateralward,  and  then  medialward. 
Its  roof  is  formed  by  the  fibres  of  the  corpus  callosum  passing  to  the  temporal  and 
occipital  lobes.  On  its  medial  wall  is  a  longitudinal  eminence,  the  calcar  avis 
(kippocampua  mirior),. which  is  an  involution  of  the  ventricular  wall  produced  by 
the  calcarine  fissure.  Above  this  the  forceps  posterior  of  the  corpus  callosum, 
sweeping  around  to  enter  the  occipital  lobe,  causes  another  projection,  termed  the 
bnlb  of  die  posterior  coma.  The  calcar  avis  and  bulb  of  the  posterior  cornu  are 
extremely  variable  in  their  degree  of  development;  in  some  cases  they  are  ill- 
defined,  in  others  prominent. 


The  inferior  coma  (cornu  inferior;  descending  horn;  middle  horn;  medicornu)  (Fig. 
749),  the  largest  of  the  three,  traverses  the  temporal  lobe  of  the  brain,  forming 
in  its  course  a  curve  around  the  posterior  end  of  the  thalamus.  It  passes  at  first 
backward,  lateralward,  and  downward,  and  then  curves  forward  to  within  2.5  cm. 
of  the  apex  of  the  temporal  lobe,  its  direction  being  fairly  well  indicated  on  the 
surface  of  the  brain  by  that  of  the  superior  temporal  sulcus.  Its  roof  is  formed 
chiefly  by  the  inferior  surface  of  the  tapetum  of  the  corpus  callosum,  but  the  tail 
of  the  caudate  nucleus  and  the  stria  terminalis  also  extend  forward  in  the  roof  of 
the  inferior  cornu  to  its  extremity,  where  they  end  in  a  mass  of  gray  substance. 
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the  tmcleos  amrcdftlae.   Its  floor  presents  the  following  parts :  the  hippocampus,  the 
fimbria  hippocampi,  the  collateral  eminence,  and  the  choroid  plexus.    When  the 
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choroid  plexus  is  removed,  a  cleft-like  opening  is  left  along  the  medial  wall  of 
the  inferior  cornu;  this  cleft  constitutes  the  lower  part  of  the  choroidal  fissure. 


eipo«ed  from  the  side- 


The  hippocampus  {hippocampus  major)  (Figs.  749,  750)  is  a  curved  eminence, 
about  5  cm.  long,  which  extends  throughout  the  entire  length  of  the  floor  of  the 


THE  PROSENCEPHALON  OR  FORE-BRAIN  881 

inferior  cornu.  Its  lower  end  is  enlarged,  and  presents  two  or  three  rounded  eleva- 
tions or  digitations  which  give  it  a  paw-like  appearance,  and  hence  it  is  named 
the  pea  hippocampi.  If  a  transverse  section  be  made  through  the  hippocampus, 
it  will  be  seen  that  this  eminence  is  produced  by  the  folding  of  the  wall  of  the 
hemisphere  to  form  the  hippocampal  fissure.  The  main  mass  of  the  hippocampus 
consists  of  gray  substance,  but  on  its  ventricular  surface  is  a  thin  white  layer, 
the  atvens,  which  is  continuous  with  the  fimbria  hippocampi. 

The  collateral  eminence  (eminentia  coUateral'U)  (Fig.  750)  is  an  elongated 
swelling  lying  lateral  to  and  parallel  with  the  hippocampus.  It  corresponds  with 
the  middle  part  of  the  collateral  fissure,  and  its  size 
depends  on  the  depth  and  direction  of  this  fissure. 
It  is  continuous  behind  with  a  flattened  triangular 
area,  the  tarigoaum  coUaterale,  situated  between  the 
posterior  and  inferior  cornua. 

The  fimbria  hippocampi  is  a  continuation  of  the 
cms  of  the  fornix,  and  will  be  discussed  with  that 
body;  a  description  of  the  choroid  plexus  will  be 
found  on  page  887. 

The  corpus  striBtom  has  received  its  name  from 
the  striped  appearance  which  a  section  of  its  ante- 
rior part  presents,  in  consequence  of  diverging  white 
fibres  being  mixed  with  the  gray  substance  which 
forms  its  chief  mass.  A  part  of  the  corpus  striatum 
13  imbedded  in  the  white  substance  of  the  hemi- 
sphere, and  is  therefore  external  to  the  ventricle; 
it  is  termed  the  extraventricnUr  portion,  or  the  lenti- 
form  nucletu;  the  remainder,  however,  projects  into 
the  ventricle,  and  is  named  the  intraTentiicnlar  por- 
tion, or  the  caudate  nocleUB  (Fig.  747). 

The  caudate  naeleiu  (nucUiu  caudatus:  caudaium) 
(Fig.  751)  is  s  pear-shaped,  highly  arched  gray 
mass;   its   broad    extremity,   or  bead,   is   directed 

forward  into  the  anterior  cornu  of  the  lateral  ven-  '^**'  ^'*~^BJ^''frS!^SbS5S"'"°"''"' 
tricle,  and  is  continuous  with  the  anterior  perforated 

substance  and  with  the  anterior  end  of  the  lentiform  nucleus;  its  narrow  end, 
or  tail,  is  directed  backward  on  the  lateral  side  of  the  thalamus,  from  which  it  is 
separated  by  the  stria  terminalis  and  the  terminal  vein.  It  is  then  continued  down- 
ward into  the  roof  of  the  inferior  cornu,  and  ends  in  the  nucleus  amjcdalae,  at  the 
apex  of  the  temporal  lobe.  It  is  covered  by  the  lining  of  the  ventricle,  and  crossed 
by  some  veins  of  considerable  size.  It  is  separated  from  the  lentiform  nucleus, 
in  the  greater  part  of  its  extent,  by  a  thick  lamina  of  white  substance,  called  the 
internal  capsule,  but  the  two  portions  of  the  corpus  striatum  are  united  in  front 
(Figs.  752,  753). 

The  lentiform  nsclens  {nucleus  lentiformis;  lenticulaT  nucleus;  leniicula)  is  lateral 
to  the  caudate  nucleus  and  thalamus,  and  is  seen  only  in  sections  of  the  hemisphere. 
When  divided  horizontally,  it  exhibits,  to  some  extent,  the  appearance  of  a  biconvex 
lens  (Fig.  751),  while  a  coronal  section  of  its  central  part  presents  a  somewhat 
triangular  outline.  It  is  shorter  than  the  caudate  nucleus  and  does  not  extend  as 
far  forward.  It  is  bounded  laterally  by  a  lamina  of  white  substance  called  the 
external  capsule,  and  lateral  to  this  is  a  thin  layer  of  gray  substance  termed  the 
claostrom.  Its  anterior  end  is  continuous  with  the  lower  part  of  the  head  of 
the  caudate  nucleus  and  with  the  anterior  perforated  substance. 

In  a  coronal  section  through  the  middle  of  the  lentiform  nucleus,  two  mednUary 
B  are  seen  dividing  it  into  three  parts.    The  lateral  and  largest  part  is  of  a 
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reddish  color,  and  is  known  as  the  pntaman,  white  the  medial  and  intermediate 
are  of  a  yellowish  tint,  and  together  constitute  the  flobos  paUidiu;  all  three  are 
marked  by  fine  radiating  white  fibres,  which  are  most  distinct  in  the  putamen 
(Fig.  753). 

The  gray  substance  of  the  corpus  striatum  is  traversed  by  nerve  fibres,  some 
of  which  originate  in  it.  The  cells  are  multipolar,  both  large  and  small;  those  of 
the  lentiform  nucleus  contain  yellow  pigment.  The  caudate  and  lentifonn  nuclei 
are  not  only  directly  continuous  with  each  other  anteriorly,  but  are  connected  to 
each  other  by  numerous  fibres.    The  corpus  striatum  is  also  connected:  (1)  to  the 


cerebral  cortex,  by  what  are  termed  the  corticostriate  fibres;  (2)  to  the  thalamus, 
by  fibres  which  pass  through  the  internal  capsule,  and  by  a  strand  named  the 
ansa  lentilormis;  (3)  to  the  cerebral  peduncle,  by  fibres  which  leave  the  lower 
aspect  of  the  caudate  and  lentiform  nuclei. 

The  daustrnm  (Figs.  751,  753)  is  a  thin  layer  of  gray  substance,  situated  on  the 
lateral  surface  of  the  externa!  capsule.  Its  transverse  section  is  triangular,  with 
the  apex  directed  upward.  Its  medial  surface,  contiguous  to  the  external  capsule, 
is  smooth,  but  its  lateral  surface  presents  ridges  and  furrows  corresponding  with 
the  gyri  and  sulci  of  the  insula,  with  which  it  is  in  close  relationship.  The  clausfrum 
is  regarded  as  a  detached  portion  of  the  gray  substance  of  the  insula,  from  which 
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it  is  separated  by  a  layer  of  white  fibres,  the  capsnla  extrema  (band  of  Baillarger). 
Its  cells  are  small  and  spindle-shaped,  and  contain  yellow  pigment;  they  are  similar 
to  those  of  the  deepest  layer  of  the  cortex. 

The  noclens  amygdalae  (amygdala)  is  an  ovoid  gray  mass,  situated  at  the  lower 
end  of  the  roof  of  the  inferior  cornn.  It  is  merely  a  localized  thickening  of  the 
gray  cortex,  continuous  with  that  of  the  uncus;  in  front  it  is  continuous  with  the 
putamen,  behind  with  the  stria  terminalis  and  the  tail  of  the  caudate  nucleus. 

Superior  froniat  gyros 


Scptun 


Inferior  frontal  ggruK 
Fia.  752.— Coronal  secdon  Ihrough  Bnlerior  coroua  of  laleral  venlricles. 

The  iatemal  capsuls  (capsula  interna)  (Fig.  754)  is  a  flattened  band  of  white 
fibres,  between  the  lentiform  nucleus  on  the  lateral  side  and  the  caudate  nucleus 
and  thalamus  on  the  medial  side.  In  horizontal  section  (Figs.  751)  it  is  seen  to  be 
somewhat  abruptly  curved,  with  its  convexity  inward;  the  prominence  of  the  curve 
is  called  the  genu,  and  projects  between  the  caudate  nucleus  and  the  thalamus. 
The  portion  in  front  of  the  genu  is  termed  the  frontal  part,  and  separates  the  len- 
tiform from  the  caudate  nucleus;  the  portion  behind  the  genu  is  the  occipital  part, 
and  separates  the  lentiform  nucleus  from  the  thalamus. 

The  frontal  part  of  the  internal  capsule  contains:  (1)  fibres  running  from  the 
thalamus  to  the  frontal  lobe;  (2)  fibres  connecting  the  lentiform  and  caudate 
nuclei;  (3)  fibres  connecting  the  cortex  with  the  corpus  striatum;  and  (4)  fibres 
passing  from  the  frontal  lobe  through  the  medial  fifth  of  the  ba-se  of  the  cerebral 
peduncle  to  the  nuclei  pontis.  The  fibres  in  the  region  of  the  genu  are  named 
the  fMuCQlate  fibres;  they  originate  in  the  motor  part  of  the  cerebral  cortex,  and, 
after  passing  downward  through  the  base  of  the  cerebral  peduncle  with  the  cerebro- 
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spinal  fibres,  undergo  decussation  and  end  in  the  motor  nuclei  of  the  cerebral 
nerves  of  the  opposite  side.  The  anterior  two-thirds  of  the  occipital  part  of  the 
internal  capsule  contains  the  cerebrospinal  fibres,  which  arise  in  the  motor  ares 
of  the  cerebral  cortex  and,  passing  downward  through  the  middle  three-fifths  of 
the  base  of  the  cerebral  peduncle,  are  continued  into  the  pyramids  of  the  medulla 
oblongata.  The  posterior  third  of  the  occipital  part  contains:  (1)  sensory  fibres, 
largely  derived  from  the  thalamus,  though  some  may  be  continued  upward  from 
the  medial  lemniscus;  (2)  the  fibres  of  optic  radiation,  from  the  lower  visual  centres 
to  the  cortex  of  the  occipital  lobe;  (3)  acoustic  fibres,  from  the  lateral  lemniscus  to 
the  temporal  lobe;  and  (4)  fibres  which  pass  from  the  occipital  and  temporal  lobes 
to  the  nuclei  pontis. 


Ai^B  nvdt%t 

Caviiu  I 


The  fibres  of  the  internal  capsule  radiate  widely  as  they  pass  to  and  from  the 
various  parts  of  the  cerebral  cortex,  forming  the  corona  radiata  (Fig.  754)  and 
intermingling  with  the  fibres  of  the  corpus  cailosum. 

The  external  capsule  {capsula  eitema)  (Fig.  751)  is  a  lamina  of  white  substance, 
situated  lateral  to  the  lentiform  nucleus,  between  it  and  the  claustrum,  and  con- 
tinuous with  the  internal  capsule  below  and  behind  the  lentiform  nucleus.  It 
probably  contains  fibres  derived  from  the  thalamus,  the  anterior  commissure,  and 
the  subthalamic  region. 

The  Babstantia  innommata  of  Mejmert  is  a  stratum  consisting  partly  of  gray  and 
partly  of  white  substance,  which  lies  below  the  anterior  part  of  the  thalamus 
and  lentiform  nucleus.  It  consists  of  three  layers,  superior,  middle,  and  inferior. 
The  superior  layer  is  named  the  ansa  lentUormis,  and  its  fibres,  derived  from  the 
medullars-  lamina  of  the  lentiform  nucleus,  pass  medially  to  end  in  the  thalamus 
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and  subthalamic  region,  while  others  are  said  to  end  in  the  tegmentum  and  red 
nucleus.  The  middle  layer  consists  of  nerve  cells  and  nerve  fibres;  fibres  enter  it 
from  the  parietal  lobe  through  the  external  capsule,  while  others  are  said  to  con- 
nect it  with  the  medial  longitudinal  fasciculus.  The  inferior  layer  forms  the  main 
part  of  the  inferior  stalk  of  the  thalamus,  and  connects  this  body  with  the  temporal 
lobe  and  the  insula. 

The  atria  terminalis  {taenia  semidTCularis)  is  a  narrow  band  of  white  substance 
situated  in  the  depression  between  the  caudate  nucleus  and  the  thalamus.  Ante- 
riorly, its  fibres  are  partly  continued  into  the  column  of  the  fornix;  some,  however, 
pass  over  the  anterior  commissure  to  the  gray  substance  between  the  caudate 
nucleus  and  septum  pellucidum,  while  others  are  said  to  enter  the  caudate  nucleus. 
Posteriorly,  it  is  continued  into  the  roof  of  the  inferior  cornu  of  the  lateral  ventricle, 
at  the  extremity  of  which  it  enters  the  nucleus  amygdalie.    Superficial  to  it  is  a 


Fid.  754.— DiMHtion  ahowiiie  the  couiss  of  Ihe  cenbrwpiDsl  fibres.     <E.  B.  JamiMoa.) 

large  vein,  the  terminal  vein  {vein  of  the  corpus  slriaiiivi),  which  receives  numerous 
tributaries  from  the  corpus  striatum  and  thalamus;  it  runs  forward  to  the  inter- 
ventricular foramen  and  there  joins  with  the  vein  of  the  choroid  plexus  to  form 
the  corresponding  internal  cerebral  vein.  On  the  surface  of  the  terminal  vein  is 
a  narrow  white  band,  named  the  Umina  affiza. 

The  Fornix  (Figs.  730,  755)  is  a  longitudinal,  arch-shaped  lamella  of  white 
substance,  situated  below  the  corpus  callosum,  and  continuous  with-it  behind, 
but  separated  from  it  in  front  by  the  septum  pellucidum.  It  may  be  described 
as  consisting  of  two  symmetrical  bands,  one  for  either  hemisphere.  The  two 
portions  are  not  united  to  each  other  in  front  and  behind,  but  their  central  parts 
are  joined  together  in  the  middle  line.  The  anterior  parts  are  called  the  eolanuis 
of  the  fornix;  the  intermediate  united  portions,  the  bod^;  and  the  posterior  parts, 
the  crura. 
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The  body  (corpus  fomicis)  of  the  fornix  Is  triangular,  narrow  in  front,  and  broad 
behind.  The  medial  part  of  its  upper  surface  is  connected  to  the  septum  pellucidum 
in  front  and  to  the  corpus  callosum  behind.  The  lateral  portion  of  this  surface 
forms  part  of  the  floor  of  the  lateral  ventricle,  and  is  covered  by  the  ventricular 
epithelium.  Its  lateral  edge  overiaps  the  choroid  plexus,  and  is  continuous  with 
the  epithelial  covering  of  this  structure.  The  under  surface  rests  upon  the  tela 
chorioidea  of  the  third  ventricle,  which  separates  it  from  the  epithelial  roof  of  that 
cavity,  and  from  the  medial  portions  of  the  upper  surfaces  of  the  thalami.  Below, 
the  lateral  portions  of  the  body  of  the  fornix  are  joined  by  a  thin  triangular  lamina, 
named  the  psattenam  (lyra).  This  lamina  contains  some  transverse  fibres  which 
connect  the  two  hippocampi  across  the  middle  line  and  constitute  the  hippoeampal 
commissnre.  Between  the  psalterium  and  the  corpus  callosum  a  horizontal  cleft, 
the  so-called  Tentrlcle  ol  the  fornix  (ventricle  of  Verga),  is  sometimes  found. 


The  colnmns  (columna  fornicis;  anferior  pillars;  fornicolumns)  of  the  fornix  arch 
downward  in  front  of  the  interventricular  foramen  and  behind  the  anterior  commis- 
sure, and  each  descends  through  the  gray  substance  in  the  lateral  wall  of  the  third 
ventricle  to  the  base  of  the  brain,  where  it  ends  in  the  corpus  mamillare.  From 
the  cells  of  the  corpus  mamillare  the  thalamomamillaiy  faacicalus  (bundle  of  Vicq 
d'Azyr)  takes  origin  and  is  prolonged  into  the  anterior  nucleus  of  the  thalamus. 
The  column  of  the  fornix  and  the  thalamomamillary  fasciculus  togetherform  a  loop 
resembling  the  figure  8,  but  the  continuity  of  the  loop  is  broken  in  the  corpus 
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mamillare.  The  column  of  the  fornix  is  joined  by  the  stria  medullaris  of  the  pineal 
body  and  by  the  superficial  fibres  of  the  stria  terminalis,  and  is  said  to  receive 
also  fibres  from  the  septum  pellucidum.  Zuckerkandl  describes  an  olfactory  fascic- 
ulus which  becomes  detached  from  the  main  portion  of  the  column  of  the  fornix, 
and  passes  downward  in  front  of  the  anterior  commissure  to  the  base  of  the  brain, 
where  it  divides  into  two  bundles,  one  joining  the  medial  stria  of  the  olfactory 
tract;  the  other  joins  the  subcallosal  gyrus,  and  through  it  reaches  the  hippocampal 
gyrus. 

The  crura  {eras  jornicis;  posterior  pillars)  of  the  fornix  are  prolonged  backward 
from  the  body.  They  are  flattened  bands,  and  at  their  commencement  are  inti- 
mately connected  with  the  under  surface  of  the  corpus  callosum.  Diverging  from 
one  another,  each  curves  around  the  posterior  end  of  the  thalamus,  and  passes 
downward  and  forward  into  the  inferior  comu  of  the  lateral  ventricle  (Fig.  757). 
Here  it  lies  along  the  concavity  of  the  hippocampus,  on  the  surface  of  which  some 
of  its  fibres  are  spread  out  to  form  the  aJveus,  while  the  remainder  are  continued 
as  a  narrow  white  band,  the  fimbria  hippocampi,  which  is  prolonged  into  the  uncus 
of  the  hippocampal  gyrus.  The  inner  edge  of  the  fimbria  overlaps  the  fascia 
dentata  hippocampi  {dentate  gyrus)  (page  875),  from  which  it  is  separated  by  the 
fimbriodentate  fissure;  from  its  lateral  margin,  which  is  thin  and  ragged,  the  ventric- 
ular epithelium  is  reflected  over  the  choroid  plexus  as  the  latter  projects  into  the 
chorioidal  fissure. 

Intenrentricular  Foramen  {foramen  of  Mmiro), — Between  the  columns,  of  the  fornix 
and  the  anterior  ends  of  the  thalami,  an  oval  aperture  is  present  on  either  side: 
this  is  the  interventricular  foramen,  and  through  it  the  lateral  ventricles  communi- 
cate with  the  third  ventricle.  Behind  the  epithelial  lining  of  the  foramen  the  choroid 
plexuses  of  the  lateral  ventricles  are  joined  across  the  middle  line. 

The  Anterior  Ck>mmissure  {precommissure)  is  a  bundle  of  white  fibres,  connecting 
the  two  cerebral  hemispheres  across  the  middle  line,  and  placed  in  front  of  the 
columns  of  the  fornix.  On  sagittal  section  it  is  oval  in  shape,  its  long  diameter 
being  vertical  and  measuring  about  5  mm.  Its  fibres  can  be  traced  lateralward 
and  backward  on  either  side  beneath  the  corpus  striatum  into  the  substance  of 
the  temporal  lobe.  It  serves  in  this  way  to  connect  the  two  temporal  lobes,  but 
it  also  contains  decussating  fibres  from  the  olfactory  tracts. 

The  Septum  Pellucidum  {septum  lucidum)  (Fig.  730)  is  a  thin,  vertically  placed 
partition  consisting  of  two  laminse,  separated  in  the  greater  part  of  their  extent 
by  a  narrow  chink  or  interval,  the  cavity  of  the  septum  pellucidum.  It  is  attached, 
above,  to  the  under  surface  of  the  corpus  callosum;  below,  to  the  anterior  part  of 
the  fornix  behind,  and  the  reflected  portion  of  the  corpus  callosum  in  front.  It  is 
triangular  in  form,  broad  in  front  and  narrow  behind;  its  inferior  angle  corre- 
sponds with  the  upper  part  of  the  anterior  commissure.  The  lateral  surface  of  each 
lamina  is  directed  toward  the  body  and  anterior  comu  of  the  lateral  ventricle, 
and  is  covered  by  the  ependyma  of  that  cavity. 

The  cavity  of  the  septum  pellucidum  {cavum  septi  pellucidi;  pseudocele;  fifth 
ventricle)  is  generally  regarded  as  part  of  the  longitudinal  cerebral  fissure,  which 
has  become  shut  off  by  the  union  of  the  hemispheres  in  the  formation  of  the  corpus 
callosum  above  and  the  fornix  below.  Each  half  of  the  septum  therefore  forms 
part  of  the  medial  wall  of  the  hemisphere,  and  consists  of  a  medial  layer  of  gray 
substance,  derived  from  that  of  the  cortex,  and  a  lateral  layer  of  white  substance 
continuous  with  that  of  the  cerebral  hemispheres.  This  cavity  is  not  developed 
from  the  cavity  of  the  cerebral  vesicles,  and  never  communicates  with  the  ventricles 
of  the  brain. 

The  Choroid  Plexus  of  the  Lateral  Ventricle  {plexus  chorioideus  veiitriculus  later- 
alis; paraplexus)  (Fig.  757)  is  a  highly  vascular,  fringe-like  process  of  pia  mater, 
which  projects  into  the  ventricular  cavity.    The  plexus,  however,  is  everywhere 
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covered  by  a  layer  of  epithelium  continuous  with  the  epithelial  lining  of  the 
ventricle.  It  extends  from  the  interventricular  foramen,  where  it  is  joined 
with  the  plexus  of  the  opposite  ventricle,  to  the  end  of  the  inferior  cornu.  The 
part  in  relation  to  the  body  of  the  ventricle  forms  the  vascular  fringed  mai^ 
of  a  triangular  process  of  pia  mater,  named  the  tela  cborioidea  of  flie  third 
ventricle,  and  projects  from  under  cover  of  the  lateral  edge  of  the  fornix.  It 
lies  upon  the  upper  surface  of  the  thalamus,  from  which  the  epithelium  is  reflected 
over  the  plexus  on  to  the  edge  of  the  fornix  (Fig.  734).  The  portion  in  relation 
to  the  inferior  cornu  lies  in  the  concavity  of  the  hippocampus  and  overlaps  the 
fimbria  hippocampi :  from  the  lateral  edge  of  the  fimbria  the  epithelium  is  reflected 
over  the  plexus  on  to  the  roof  of  the  cornu  (Fig.  756).  It  consists  of  minute  and 
highly  vascular  villous  processes,  each  with  an  afferent  and  an  efferent  vessel.  The 
arteries  of  the  plexus  are :  (a)  the  anterior  choroidal,  a  branch  of  the  internal  carotid, 
which  enters  the  plexus  at  the  end  of  the  inferior  cornu;  and  (6)  the  posterior 
choroidal,  one  or  two  small  branches  of  the  posterior  cerebral,  which  pass  forward 
under  the  splenium.  The  iieina  of  the  choroid  plexus  unite  to  form  a  tortuous  vein, 
which  courses  from  behind  forward  to  the  interventricular  foramen  and  there  joins 
with  the  terminal  vein  to  form  the  corresponding  internal  cerebral  vein. 

Tail  of  caudate  nucleus 


Fimbrit 
FMrnodenlal' 

Fatcia  dtntaU 
h.'ppocamjti 

DtiUate  fuaur. 

Fio.  TM. — Corauat  leotioa  ol  inferior  horn  of  tater&L  ventricle.     (Ducnnuiutic.) 

When  the  choroid  plexus  is  pulled  away,  the  continuity  between  its  epithelial 
covering  and  the  epithelial  lining  of  the  ventricle  is  severed,  and  a  cleft-like  space 
is  produced.  This  is  named  the  choroidal  fissure;  like  the  plexus,  it  extends  from 
the  interventricular  foramen  to  the  em!  of  the  inferior  cornu.  The  upper  part  ot 
the  fissure,  i.  e.,  the  part  nearest  the  interventricular  foramen  is  situated  between 
the  lateral  edge  of  the  fornix  and  the  upper  surface  of  the  thalamus;  farther  back 
at  the  beginning  of  the  inferior  cornu  it  is  between  the  commencement  of  the  fim- 
bria hippocampi  and  the  posterior  end  of  the  thalamus,  while  in  the  inferior  cornu  if 
lies  between  the  fimbria  in  the  floor  and  the  stria  terminalis  in  the  roof  of  the  cornu. 

The  tela  chorioidea  of  the  third  ventricle  (tela  chorimdea  veviriculi  lertii;  velum 
interposUum)  (Fig.  757)  is  a  double  fold  of  pia  mater,  triangular  in  shape,  which 
lies  beneath  the  fornix.  The  lateral  portions  of  its  lower  surface  rest  upon  the 
thalami,  while  its  medial  portion  is  in  contact  with  the  epithelial  roof  of  the  third 
ventricle.  Itsapexissituatedat  the  interventricular  foramen;  its  base  corresponds 
with  the  splenium  of  the  corpus  callosum,  and  occupies  the  interval  between  that 
structure  above  and  the  corpora  quadrigemina  and  pineal  body  below.     This 
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interval,  together  with  the  lower  portions  of  the  choroidal  fissures,  is  sometimes 
spoken  of  as  the  trauverse  fissure  of  the  brain.  At  its  base  the  two  layers  of  the 
velum  separate  from  each  other,  and  are  continuous  with  the  pia  mater  investing 
the  brain  in  this  region.  Its  lateral  margins  are  modified  to  form  the  highly  vas- 
cular choroid  plexuses  of  the  lateral  ventricles.  It  is  supplied  by  the  anterior  and 
posterior  choroidal  arteries  already  described.  The  veins  of  the  tela  chorioidea  are 
named  the  internal  CNebral  veins  (tenae  Galeni) ;  they  are  two  in  number,  and  run 
backward  between  its  layers,  each  being  formed  at  the  interventricular  foramen  by 
the  union  of  the  terminal  vein  with  the  choroidal  vein.  The  internal  cerebral 
veins  unite  posteriorly  in  a  single  trunk,  the  jreat  cerebral  vein  {vena  magna  Galeni), 
which  passes  backward  beneath  the  splenium  and  ends  in  the  straight  sinus. 


Flo.  'S7.— Tela  choria 


Strncture  of  the  Cerebral  Hemispheres. — The  cerebral  hemispheres  are  composed 
of  gray  and  white  substance:  the  former  covers  their  surface,  and  is  termed  the 
cortex;  the  latter  occupies  the  interior  of  the  hemispheres. 

The  -white  substance  consists  of  medullated  fibres,  varying  in  size,  and  arranged 
in  bundles  separated  by  neuroglia.  They  may  be  divided,  according  to  their 
course  and  connections,  into  three  distinct  systems.  (1)  Projection  fibres  connect 
the  hemisphere  with  the  lower  parts  of  the  brain  and  with  the  medulla  spinalis. 
(2)  TnuiBTerse  or  commissural  fibres  unite  the  two  hemispheres.  (3)  Association 
flln-es  connect  different  structures  in  the  same  hemisphere;  these  are,  in  many 
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instances,  collateral  branches  of  the  projection  fibres,  but  others  are  the  axons 
of  independent  cells. 

1.  The  projection  fibres  consist  of  efferent  and  afferent  fibres  uniting  the  cortex 
with  the  lower  parts  of  the  brain  and  with  the  medulla  spinalis.  The  principal 
efferent  strands  are:  (1)  the  motor  tract,  occupying  the  genu  and  anterior  tw^o-thirds 
of  the  occipital  part  of  the  internal  capsule,  and  consisting  of  (a)  the  geniculate 
fibres,  which  decussate  and  end  in  the  motor  nuclei  of  the  cerebral  nerves  of  the 
opposite  side;  and  (6)  the  cerebrospinal  fibres,  which  are  prolonged  through  the 
pyramid  of  the  medulla  oblongata  into  the  medulla  spinalis:  (2)  the  corticopontine 
fibres,  ending  in  the  nuclei  pontis.  The  chief  afferent  fibres  are:  (1)  those  of  the 
lemniscus  which  are  not  interrupted  in  the  thalamus;  (2)  those  of  the  brachia 
conjunctiva  cerebelli  which  are  not  interrupted  in  the  red  nucleus  and  thalamus; 
(3)  numerous  fibres  arising  within  the  thalamus,  and  passing  through  its  stalks 
to  the  different  parts  of  the  cortex  (page  857) ;  (4)  optic  and  acoustic  fibres,  the 
former  passing  to  the  occipital,  the  latter  to  the  temporal  lobe. 

2.  The  transverse  or  commissural  fibres  connect  the  two  hemispheres.  They 
include:  (a)  the  transverse  fibres  of  the  corpus  callosum,  (6)  the  anterior  commissure, 
(c)  the  posterior  commissure,  and  (d)  the  lyra  or  hippocampal  commissure;  they 
have  already  been  described. 


Fia.  758. — Diagram  showing  principal  systems  of  association  fibres  in  the  cerebrum. 

3.  The  association  fibres  (Fig.  758)  unite  different  parts  of  the  same  hemi- 
sphere, and  are  of  two  kinds:  (1)  those  connecting  adjacent  gyri,  short  association 
fibres;  (2)  those  passing  between  more  distant  parts,  long  association  fibres. 

The  short  association  fibres  lie  immediately  beneath  the  gray  substance  of  the 
cortex  of  the  hemispheres,  and  connect  together  adjacent  gyri. 

The  long  association  fibres  include  the  following:  (a)  the  uncinate  fasciculus; 
(6)  the  cingulum;  (c)  the  superior  longitudinal  fasciculus;  (d)  the  inferior  longi- 
tudinal fasciculus;  (e)  the  perpendicular  fasciculus;  (/)  the  occipitofrontal 
fasciculus;  and  (g)  the  fornix. 

(a)  The  uncinate  fasciculus  passes  across  the  bottom  of  the  lateral  fissure,  and 
unites  the  gyri  of  the  frontal  lobe  with  the  anterior  end  of  the  temporal  lobe. 

(6)  The  cingulum  is  a  band  of  white  matter  contained  within  the  cingulate 
gyrus.  Beginning  in  front  at  the  anterior  perforated  substance,  it  passes  forward 
and  upward  parallel  with  the  rostrum,  winds  around  the  genu,  runs  backward  above 
the  corpus  callosum,  turns  around  the  splenium,  and  ends  in  the  hippocampal  gyrus. 
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(c)  The  superior  longitudinal  fasciculus  passes  backward  from  the  frontal  lobe 
above  the  lentiform  nucleus  and  insula;  some  of  its  fibres  end  in  the  occipital 
lobe,  and  others  curve  downward  and  forward  into  the  temporal  lobe. 

(d)  The  inferior  longitudinal  fasciculus  connects  the  temporal  and  occipital 
lobes,  running  along  the  lateral  walls  of  the  inferior  and  posterior  cornua  of  the 
lateral  ventricle. 

(e)  The  perpendicular  fasciculus  runs  vertically  through  the  front  part  of  the 
occipital  lobe,  and  connects  the  inferior  parietal  lobule  with  the  fusiform  gyrus. 

(/)  The  occipitofrontal  fasciculus  passes  backward  from  the  frontal  lobe,  along 
the  lateral  border  of  the  caudate  nucleus,  and  on  the  mesial  aspect  of  the  corona 
radiata;  its  fibres  radiate  in  a  fan-like  manner  and  pass  into  the  occipital  and  tem- 
poral lobes  lateral  to  the  posterior  and  inferior  cornua.  D6jerine  regards  the  fibres 
of  the  tapetum  as  being  derived  from  this  fasciculus,  and  not  from  the  corpus 
callosum. 

(g)  The  fornix  connects  the  hippocampal  gyrus  with  the  corpus  mamillare 
and,  by  means  of  the  thalamomamillary  fasciculus,  with  the  thalamus  (see  page 
886).  Through,  the  fibres  of  the  hippocampal  commissure  it  probably  also  unites 
the  opposite  hippocampal  gyri. 

The  gray  substance  of  the  hemisphere  is  divided  into:  (1)  that  of  the  cerebral 
cortex,  and  (2)  that  of  the  caudate  nucleus,  the  lentiform  nucleus,  the  claustrum, 
and  the  nucleus. amygdalae. 

Structure  of  the  Cerebral  Cortex  (Fig.  759). — ^The  cerebral  cortex  differs  in  thickness  and 
structure  in  different  parts  of  the  hemisphere.  It  is  thinner  in  the  occipital  region  than  in  the 
anterior  and  posterior  central  gyri,  and  it  is  also  much  thinner  at  the  bottom  of  the  sulci  than 
on  the  top  of  the  gyri.  Again,  the  minute  structure  of  the  anterior  central  differs  from  that  of 
the  posterior  centrai  gyrus,  and  areas  possessing  a  specialized  type  of  cortex  can  be  mapped  out 
in  the  occipital  lobe. 

On  examining  a  section  of  the  cortex  with  a  lens,  it  is  seen  to  consist  of  alternating  white  and 
gray  layers  thus  disposed  from  the  surface  inward:  (1)  a  thin  layer  of  white  substance;  (2)  a 
layer  of  gray  substance;  (3)  a  second  white  layer  (outer  band  of  Baillarger  or  hand  of  Gennari); 
(4)  a  second  gray  layer;  (5)  a  third  white  layer  {inner  band  of  Baillarger);  (6)  a  third  gray  layer, 
which  rests  on  the  medullary  substance  of  the  gyrus. 

The  cortex  is  made  up  of  nerve  cells  of  varying  size  and  shape,  and  of  nerve  fibres  which  are 
either  medullated  or  naked  axis-cylinders,  imbedded  in  a  matrix  of  neuroglia. 

Nerve  Cells. — ^According  to  Cajal,  the  nerve  cells  are  arranged  in  four  layers,  named  from  the 
surface  inward  as  follows:  (1)  the  molecular  layer,  (2)  the  layer  of  small  pyramidal  cells,  (3) 
the  layer  of  large  pyramidal  cells,  (4)  the  layer  of  polymorphous  cells. 

The  Molecular  Layer. — In  this  layer  the  cells  are  polygonal,  triangular,  or  fusiform  in  shape. 
Each  polygonal  cell  gives  off  some  four  or  five  dendrites,  while  its  axon  may  arise  directly  from 
the  cell  or  from  one  of  its  dendrites.  Each  triangular  cell  gives  off  two  or  three  dendrites,  from 
one  of  which  the  axon  arises.  The  fusiform  celk  are  placed  with  their  long  axes  parallel  to  the 
surface  and  are  mostly  bipolar,  each  pole  being  prolonged  into  a  dendrite,  which  nms  horizontally 
for  some  distance  and  furnishes  ascending  branches.  Their  axons,  two  or  three  in  number,  arise 
from  the  dendrites,  and,  like  them,  take  a  horizontal  course,  giving  off  numerous  ascending 
collaterals.  The  distribution  of  the  axons  and  dendrites  of  all  three  sets  of  cells  is  limited  to  the 
molecular  layer. 

The  Layer  of  Small  and  the  Layer  of  Large  Pyramidal  Cells. — The  cells  in  these  two  layers 
may  be  studied  together,  since,  with  the  exception  of  the  difference  in  size  and  the  more  super- 
ficial position  of  the  smaller  cells,  they  resemble  each  other.  The  average  length  of  the  small 
cellB  is  from  10  to  15m;  that  of  the  large  cells  from  20  to  30m.  The  body  of  each  cell  is  pyramidal 
in  shape,  its  base  being  directed  to  the  deeper  parts  and  its  apex  toward  the  surface.  It  contains 
granular  pigment,  and  stains  deeply  with  ordinary  reagents.  The  nucleus  is  of  large  size,  and 
round  or  oval  in  shape.  The  base  of  the  cell  gives  off  the  axis  cylinder,  and  this  runs  into  the 
central  white  substance,  giving  off  collaterals  in  its  course,  and  is  distributed  as  a  projection, 
conmiissural,  or  association  fibre.  The  apical  and  basal  parts  of  the  cell  give  off  dendrites;  the 
apical  dendrite  is  directed  toward  the  surface,  and  ends  in  the  molecular  layer  by  dividing  into 
numerous  branches,  all  of  which  may  be  seen,  when  prepared  by  the  silver  or  methylene-blue 
method,  to  be  studded  with  projecting  bristle-like  processes.  The  largest  pyramidal  cells  are 
found  in  the  upper  part  of  the  anterior  central  gyrus  and  in  the  paracentral  lobule;  they  are 
often  arranged  in  groups  or  nests  of  from  three  to  five,  and  are  named  the  giant  cells  of  Betz. 
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In  the  former  situation  they  m&y  exceed  5<h'  in  length  and  40fi  in  breadth,  while  in  the  para- 
central lobule  they  may  attain  a  length  of  66m. 

Laytr  of  P<dymorphous  CelU. — The  cells  in  this  layer,  aa  their  name  implies,  are  very  imgulu 
in  contour;  they  may  be  fusiform,  oval,  triangular,  or  star-shaped.  Their  dendrites  are  directed 
outward,  but  do  not  reach  so  far  as  the  molecular  layer;  their  axons  pass  into  the  subjaceot  white 
matter. 


Oukr  hand  of  BaH- 
^ytrof  larger,  or  baiid<i 

«"V<,  ,  Otnnari 

pyranuiat 
edit 


pdymorpKous 
edit 


Fia.  TSe.— Cerebral  corUi.    (Poirier.)    To  the  leCt.  the  (roups  of  cells:  to  tho  riibt.  tbi- Byrtcmi  of  Gbna.   Qiot* 
to  the  left  of  the  BgiirB  n  «en«ory  nerve  fibre  ii  shown. 

There  are  two  other  kinds  of  cells  in  the  cerebral  cortex.  They  are:  (a)  the  ceJi*  0/  (JWp. 
the  axons  of  which  divide  immediately  after  their  origins  into  a  large  number  of  branches,  irbich 
are  directed  toward  the  surface  of  the  cortex;  (b)  the  cells  of  Mariinolti,  which  are  chiefly  foimd 
in  the  polymorphous  layer;  their  dendrites  are  short,  and  may  have  an  ascending  or  descending 
course,  while  their  axons  pass  out  into  the  molecular  layer  and  form  an  extensive  bori»otai 
arborization. 

Nerve  Fibres. — These  fill  up  a  large  part  of  the  inttrvals  between  the  cells,  and  may  bo  roedul- 
lated  or  non-medullated — the  latter  comprising  the  axons  of  the  smallest  pyramidal  cells  wd 
the  cells  of  Golgi.  In  their  direction  the  fibres  may  be  either  tangential  or  radial.  The  tanten^ 
fibrt*  run  parallel  to  the  surface  of  the  hemisphere,  intersecting  the  radial  fibres  at  a  right  angle. 
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They  constitute  several  strata,  of  which  the  following  are  the  more  important:  (1)  a  stratum 
of  white  fibres  covering  the  superficial  aspect  of  the  molecular  layer  (plexus  of  Exner);  (2)  the 
band  of  Bechterew,  in  the  outer  part  of  the  layer  of  small  pyramidal  cells;  (3)  the  band  of  Gennari 
or  external  band  of  BaiUarger,  running  through  the  layer  of  large  pyramidal  cells;  (4)  the  internal 
band  of  Baillarger,  between  the  layer  of  large  pyramidal  cells  and  the  polymorphous  layer;  (5) 
the  deep  tangential  fibres,  in  the  lower  part  of  the  polymorphous  layer.  The  tangential  fibres 
consist  of  (a)  the  collaterals  of  the  pyramidal  and  polymorphous  cells  and  of  the  cells  of  Martinotti; 
(6)  the  branching  axons  of  Golgi's  cells;  (c)  the  collaterals  and  terminal  arborizations  of  the 
projection,  commissural,  or  association  fibres.  The  radial  fibres. — Some  of  these,  viz.,  the  axons 
of  the  pyramidal  and  polymorphous  cells,  descend  into  the  central  white  matter,  while  others, 
the  terminations  of  the  projection,  commissural,  or  association  fibres,  ascend  to  end  in  the  cortex. 
The  axons  of  the  cells  of  Martinotti  are  also  ascending  fibres. 

Special  Types  of  Cerebral  Cortex. — It  has  been  already  pointed  out  that  the  minute  structure 
of  the  cortex  differs  in  different  regions  of  the  hemisphere;  and  A.  W.  Campbell^  has  endeavored 
to  prove,  as  the  result  of  an  exhaustive  examination  of  a  series  of  human  and  anthropoid  brains, 
"that  there  exists  a  direct  correlation  between  ph3rsiological  function  and  histological  structure." 
The  principal  regions  where  the  "typical"  structure  is  departed  from  will  now  be  referred  to. 

1.  In  the  calcarine  fissure  and  the  gyri  bounding  it,  the  internal  band  of  Baillarger  is  absent, 
while  the  band  of  Gennari  is  of  considerable  thickness,  and  forms  a  characteristic  feature  of  this 
region  of  the  cortex.  If  a  section  be  examined  microscopically,  an  additional  layer  of  cells  is 
seen  to  be  interpolated  between  the  molecular  layer  and  the  layer  of  small  pjrramidal  cells.  This 
extra  layer  consists  of  two  or  three  strata  of  fusiform  cells,  the  long  axes  of  which  are  at  right 
angles  to  the  surface;  each  cell  gives  off  two  dendrites,  external  and  internal,  from  the  latter  of 
which  the  axon  arises  and  passes  into  the  white  central  substance.  In  the  layer  of  small  pyramidal 
ceDs,  fusiform  cells,  identical  with  the  above,  are  seen,  as  well  as  ovoid  or  star-like  cells  with 
ascending  axons  (cdls  of  Martinotti).  This  is  the  visual  area  of  the  cortex,  and  it  has  been  shown 
by  J.  S.  Bolton'  that  in  oldnstanding  cases  of  optic  atrophy  the  thickness  of  Gennari's  band  is 
reduced  by  nearly  50  per  cent. 

A.  W.  Campbell  says:  "Histologically,  two  distinct  types  of  cortex  can  be  made  out  in  the 
occipital  lobe.  The  first  of  these  coats  the  walls  and  boimding  convolutions  of  the  calcarine 
fissure,  and  is  distinguished  by  the  well-known  line  of  Gennari  or  Vicq  d'Azyr;  the  second  area 
forms  an  investing  zone  a  centimetre  or  more  broad  around  the  first,  and  is  characterized  by  a 
remarkable  wealth  of  fibres,  as  well  as  by  curious  p3n^form  cells  of  large  size  richly  stocked  with 
chromophilic  elements — cells  which  seem  to  have  escaped  the  observation  of  Ram6n  y  Cajal, 
Bolton,  and  others  who  have  worked  at  this  region.  As  to  the  functions  of  these  two  regions 
there  is  abundant  evidence,  anatomical,  embryological,  and  pathological,  to  show  that  the  first 
or  calcarine  area  is  that  to  which  visual  sensations  primarily  pass,  and  we  are  gradually  obtain- 
ing proof  to  the  effect  that  the  second  investing  area  is  constituted  for  the  interpretation  and 
further  elaboration  of  these  sensations.  These  areas  therefore  deserve  the  names  visiuhsensory 
and  vistto-psuchic." 

2.  The  anterior  central  gyrus  is  characterized  by  the  presence  of  the  giant  cells  of  Betz  and 
by  "a  wealth  of  nerve  fibres  immeasurably  superior  to  that  of  any  other  part"  (Campbell),  and 
in  these  respects  differs  from  the  posterior  central  gyrus.  These  two  gyri,  together  with  the 
paracentral  lobiile,  were  long  regarded  as  constituting  the  "motor  areas"  of  the  hemisphere; 
but  Sherrington  and  Grunbaum  have  shown'  that  in  the  chimpanzee  the  motor  area  never  extends 
on  to  the  free  face  of  the  posterior  central  gyrus,  but  occupies  the  entire  length  of  the  anterior 
central  gyrus,  and  in  most  cases  the  greater  part  or  the  whole  of  its  width.  It  extends  into  the 
depth  of  the  central  siilcus,  occupying  the  anterior  wall,  and  in  some  places  the  floor,  and  in 
some  extending  even  into  the  deeper  part  of  the  posterior  wall  of  the  sulcus. 

3.  In  the  hippocampus  the  molecular  layer  is  very  thick  and  contains  a  large  number  of  Golgi 
cells.  It  has  been  divided  into  three  strata:  (a)  s.  convolutum  or  s.  granvlosunif  containing 
many  tangential  fibres;  (b)  s.  lacunosuin,  presenting  numerous  vasciilar  spaces;  (c)  s.  radiatwnf 
exhibiting  a  rich  plexus  of  fibrils.  The  two  layers  of  pyramidal  cells  are  condensed  into  one, 
and  the  cells  are  mostly  of  large  size.  The  axons  of  the  cells  in  the  polymorphous  layer  may 
run  in  an  ascending,  a  descending,  or  a  horizontal  direction.  Between  the  polymorphous  layer 
and  the  ventricular  ependyma  is  the  white  substance  of  the  alveus. 

4.  In  the  fascia  dentata  hippocampi  or  dentate  gyrus  the  molecular  layer  contains  some  pyrami- 
dal cells,  while  the  layer  of  pyramidal  cells  is  almost  entirely  represented  by  small  ovoid  cells. 

5.  The  Olfaclory  Bulb. — In  many  of  the  lower  animals  this  contains  a  cavity  which  communi- 
cates through  the  olfactory  tract  with  the  lateral  ventricle.  In  man  the  original  cavity  is  filled 
up  by  neuroglia  and  its  wall  becomes  thickened,  but  much  more  so  on  its  ventral  than  on  its 
dorsal  aspect.  Its  dorsal  part  contains  a  small  amount  of  gray  and  white  substance,  but  it  is 
scanty  and  ill-defined.  A  section  through  the  ventral  part  (Fig.  760)  shows  it  to  consist  of  the 
following  layers  from  without  inward: 

^  Histological  Studies  on  the  LocoliBation  of  Cerebral  Function,  Cambridge  University  Press 

*  Philosophical  Transactions  of  Royal  Society,  Series  B,  czciii,  165. 

*  Transactions  of  the  Pathological  Society  of  London,  vol.  liii. 
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1.  A  layer  of  olfactory  nerve  fibres,  which  are  the  non-medullated  axons  prolonged  from  the 
olfactory  cells  of  the  iibboI  cavity,  and  reach  the  bulb  by  pHsaing  throi^  the  cribriform  plate 
of  the  ethmoid  bone.  At  first  they  cover  the  bulb,  and  then  penetrate  it  to  end  by  formiiig 
synapses  with  the  dendrites  of  the  mitral  celta,  presently  to  be  described. 

2.  Glomerular  Layer. — This  contains  numerous  spheroidal  reticulated  enlargements,  termed 
(lomorali,  produced  by  the  branching  and  arboriiation  of  the  processes  of  the  olfactory  nerve 
fibres  with  the  descending  dendrites  of  the  mitral  cells. 

3.  Molecular  Layer. — This  is  formed  of  a  matrix  of  neuroglia,  imbedded  in  which  are  the  mitral 
eells.  These  cells  are  pyramidal  in  shape,  and  the  basal  part  of  each  gives  ofF  a  thick  dendrite 
which  descends  into  the  glomerular  layer,  where  it  arborizes  as  indicated  above,  and  others  which 
interlace  with  similar  dendrites  of  neighboring  mitral  cells.  The  axons  pass  through  the  next 
layer  into  the  white  matter  of  the  bulb,  and  after  becoming  bent  on  themselves  at  a  right  angle, 
are  continued  into  the  olfactory  tract. 

4.  Nerve  Fibre  Layer. — This  lies  next  the  central  core  of  neuroglia,  and  its  fibres  consist  of 
the  axons  or  afferent  processes  of  the  mitral  cells  passing  to  the  brain;  some  elTerent  fibres  are, 
however,  also  present,  and  end  in  the  molecular  layer,  but  nothing  is  known  as  to  their  exact 

White  eubsfana 


Laytr  ojotfaetory  nerae  fibrta 
Fio.  760.— Coronal  eecti™  of  olfsctory  bulb.     (Scbwalbe.) 

Weight  of  the  EncephAlon.— The  average  weight  of  the  brain,  in  the  adult  male,  is  about  13S0 
gms.;  that  ot  the  female,  about  1250  gms.  In  the  male,  the  maximum  weight  out  of  278  casts 
was  1840  gms.  and  the  minimum  weight  964  gms.  The  maximum  weight  of  the  adult  female 
brain,  out  of  191  cases,  was  1585  gms.  and  the  minimtim  weight  879  gms.  The  brain  increases 
rapidly  during  the  first  four  years  of  life,  and  reaches  its  maximum  weight  by  about  the  twentieth 
year.  As  age  advances,  the  brain  decreases  slowly  in  weight;  in  old  age  the  decrease  takes  place 
more  rapidly,  to  the  extent  of  about  28  gms. 

The  himian  brain  is  heavier  than  that  of  any  of  the  lower  animals,  except  the  elephant  and 
whale.  The  brain  of  the  former  weighs  from  3,5  to  4.5  kilogm.,  and  that  of  a  whale,  in  a  speci- 
men 22.8  metres  long,  weighed  rather  more  than  225  kilogm. 

Cerebnl  Locslisation. ^Physiological  and  pathological  research  have  now  gone  far  to  prove 
that  a  considerable  part  of  the  surface  of  the  brain  may  be  mapped  out  into  a  series  of  more 
or  less  definite  areas,  each  of  which  is  intimately  connected  with  some  well-defined  function. 

The  chief  areas  are  indicated  in  Figs.  761  and  762. 

Motor  AreM.^The  motor  area  occupies  the  anterior  central  and  frontal  gyri  and  the  para- 
central lobule.  The  centres  for  the  lower  limb  are  located  on  the  uppermost  part  of  the  anterior 
central  gyrus  and  its  continuation  on  to  the  paracentral  lobule;  those  for  the  trunk  are  on  the 
upper  portion,  and  those  for  the  upper  hmb  on  the  middle  portion  of  the  anterior  central  gyrus. 
The  facial  centres  are  situated  on  the  lower  part  of  the  anterior  central  gyrus,  those  for  the  tongue, 
larynx,  muscles  of  mastication,  and  pharynx  on  the  frontal  operculum,  while  those  for  the  head 
and  neck  occupy  the  posterior  end  of  the  middle  frontal  gyrus. 

Sensory  Aieu. — Tactile  and  temperature  senses  arc  located  on  the  posterior  central  gyms, 
while  the  sense  of  form  and  solidity  is  on  the  superior  parietal  lobule  and  precuneus.  With 
regard  to  the  special  senses,  the  area  for  the  sense  of  taste  is  probably  related  to  the  uncus  and 
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hippocampal  gyrus.  The  auditory  area  occupies  the  middle  third  of  the  superior  temporal  gyrus 
and  the  adjacent  gyri  in  the  lateral  fissure;  the  visual  area,  the  calcarine  fissure  an4  cimeus;  the 
olfactory  area,  the  rhinencephalon.  As  special  centres  of  much  importance  may  be  noted:  the 
emissive  centre  for  speech  on  the  left  inferior  frontal  and  anterior  central  gyri  (Broca) ;  the  auditory 
receptive  centre  on  the  transverse  and  superior  temporal  gyri,  and  the  visual  receptive  centre 
on  the  lingual  gyrus  and  cuneus. 


FiQ.  761. — Areas  of  localization  on  lateral  surface  of  hemisphere.    Motor  area  in  red.    Area  of  general  senaations 
in  blue.     Auditory  area  in  groen.     Visual  area  in  yellow.     The  psychic  portions  are  in  lighter  tints. 

Appfied  Anatomy. — The  internal  capsule  is  of  great  interest  to  the  clinician  because  it  is  so  often 
the  seat  of  hemorrhage  (from  the  lenticulo-striate  and  lent iculo-op tic  arteries,  Charcot's  "arteries 
of  cerebral  hemorrhage"),  or  of  thrombosis,  in  patients  whose  vessels  are  weakened  by  old  age 


Fia.  762. — Areas  of  localisation  on  medial  surface  of  hemisphere.    Motor  area  in  red.    Area  of  general  sensations 
in  blue.     Visual  area  in  yellow.     Olfactory  area  in  purple.     The  psychic  portions  are  in  lighter  tints. 


or  disease.  A  stroke  or  apoplexy  is  the  result;  blood  is  effused  from  the  ruptured  vessel  and  tears 
up  the  surroimding  brain  tiasue,  and  also  interferes  with  the  neighboring  fibres  by  the  compres- 
sion set  up  by  its  mass.  If  the  hemorrhage  is  sudden  and  at  all  large,  rapid  and  complete  loss 
of  consciousness  follows,  with  paralysis  of  the  opposite  side  of  the  body  and  loss  of  control  over 
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the  sphincters.  If  it  is  the  occipital  part  of  the  internal  capsule  that  is  involved,  the  paralysis 
will  be  more  marked  in  the  leg  than  in  the  arm^  and  will  be  associated  with  hemianesthesia,  and 
also  with  homon3m[ious  hemianopsia  or  blindness  of  the  corresponding  halves  of  the  two  retime, 
the  patient  being  unable  to  see  objects  on  the  opposite  side  of  the  body.  If  the  hemorrhage  is 
very  extensive  blood  often  makes  its  way  into  the  ventricles,  and  death  may  follow  in  a  few  hours 
or  days  without  recovery  of  consciousness,  and  with  hyperpyrexia.  If  the  hemorrhage  is  small, 
consciousness  is  soon  regained,  and  a  fair  degree  of  recovery  from  the  paralysis  follows,  particu- 
larly in  the  leg.  If  the  hemorrhage  takes  place  very  slowly,  the  hemiplegia  sets  in  gradually 
{ingraoescerU  apoplexy),  with  headache  and  gradual  clouding  of  the  faculties.  It  is  the  upper 
motor  neuron  (see  below)  that  is  injured  in  cerebral  hemorrhage;  hence  the  muscles  on  the  affected 
side  of  the  body  become  spastic,  with  increased  reflexes,  while  such  muscular  atrophy  as  follows 
is  mainly  due  to  disuse. 


THE  MOTOR   AND   SENSORY  TRACTS. 

The  anatomy  of  the  various  parts  of  the  central  nervous  system  having  been 
described,  a  short  account  will  now  be  given  of  the  motor  and  sensory  nerve  tracts 
connecting  the  brain  and  the  medulla  spinalis.  The  methods  employed  in  elucidat- 
ing this  complex  subject  have  already  been  referred  to  (page  815). 

The  Motor  Tract  (Fig.  763). — ^The  constituent  fibres  of  this  tract  are  the  axis- 
cylinder  processes  of  cells  situated  in  the  motor  area  of  the  cortex.  The  fibres 
are  at  first  somewhat  widely  diffused,  but  as  they  descend  through  the  corona 
radiata  they  gradually  approach  each  other,  and  pass  between  the  lentiform  nucleus 
and  thalamus,  in  the  genu  and  anterior  two-thirds  of  the  occipital  part  of  the  inter- 
nal capsule;  those  in  the  genu  are  named  the  geniculate  fibres,  while  the  remainder 
constitute  the  cerebrospinal  fibres;  proceeding  downward  they  enter  the  middle 
three-fifths  of  the  base  of  the  cerebral  peduncle.  The  geniculate  fibres  cross  the 
middle  line,  and  end  by  arborizing  around  the  cells  of  the  motor  nuclei  of  the  cere- 
bral nerves.  The  cerebrospinal  fibres  are  continued  downward  into  the  pyramids 
of  the  medulla  oblongata,  and  the  transit  of  the  fibres  from  the  medulla  oblongata 
is  effected  by  two  paths.  The  fibres  nearest  to  the  anterior  median  fissure  cross 
the  middle  line,  forming  the  decussation  of  the  pyramids,  and  descend  in  the 
opposite  side  of  the  medulla  spinalis,  as  the  lateral  cerebrospinal  fasciculus  [crossed 
pyramidal  tract).  Throughout  the  length  of  the  medulla  spinalis  fibres  from  this 
column  pass  into  the  gray  substance,  to  terminate  by  ramifying  around  the  motor 
cells  of  the  anterior  column.  The  more  laterally  placed  portion  of  the  tract  does 
not  decussate  in  the  medulla  oblongata,  but  descends  as  the  anterior  cerebrospinal 
fasciculus  {direct  pyramidal  tract) ;  these  fibres,  however,  end  in  the  anterior  gray 
column  of  the  opposite  side  of  the  medulla  spinalis  by  passing  across  in  the  anterior 
white  commissure.  There  is  considerable  variation  in  the  extent  to  w^hich  decus- 
sation takes  place  in  the  medulla  oblongata;  about  two-thirds  or  three-fourths  of 
the  fibres  usually  decussate  in  the  medulla  oblongata  and  the  remainder  in  the 
medulla  spinalis. 

The  axons  of  the  motor  cells  in  the  anterior  column  pass  out  as  the  fibres  of  the 
anterior  roots  of  the  spinal  nerves,  along  which  the  impulses  are  conducted  to  the 
muscles  of  the  trunk  and  limbs. 

From  this  it  will  be  seen  that  all  the  fibres  of  the  motor  tract  pass  to  the  nuclei 
of  the  motor  nerves  on  the  opposite  side  of  the  brain  or  medulla  spinalis,  a  fact 
which  explains  why  a  lesion  involving  the  motor  area  of  one  side  causes  paralysis 
of  the  muscles  of  the  opposite  side  of  the  body.  Further,  it  will  be  seen  that  there 
is  a  break  in  the  continuity  of  the  motor  chain;  in  the  case  of  the  cerebral  nerves 
this  break  occurs  in  the  nuclei  of  these  nerves;  and  in  the  case  of  the  spinal  nerves, 
in  the  anterior  gray  column  of  the  medulla  spinalis.  For  clinical  purposes  it  is 
convenient  to  emphasize  this  break  and  divide  the  motor  tract  into  two  portions: 
(1)  a  series  of  upper  motor  neurons  which  comprises  the  motor  cells  in  the  cortex 
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and  their  descending  fibres  down  to  the  nuclei  of  the  motor  nerves;  (2)  a  series 
of  lower  motor  neuroBS  which  includes  the  cells  of  the  nuclei  of  the  motor  cerebral 
nerves  or  the  cells  of  the  anterior  columns  of  the  medulla  spinalis  and  their  axis- 
cylinder  processes  to  the  periphery.* 


Motor  area  of 
cortex 


Internal 
capatde 


Jentctdate  fibres 


Decussation  of  pyramids 


Anterior  cerehrospiiud  fasciculus 
Lateral  cerebrospinal  fasciculus 


.. . «.  Anterior  nerve  roots 


Fig.  763. — The  motor  tract.     (Modified  from  Poirier.) 

The  Sensory  Tract  (Fig.  764). — Sensory  impulses  are  conveyed  to  the  medulla 
spinalis  through  the  posterior  roots  of  the  spinal  nerves.  On  entering  the  medulla 
spinalis  these  root  fibres  divide  into  descending  and  ascending  branches;  the  former 
soon  enter  the  gray  substance:  some  of  the  latter  end  in  the  gray  substance  after  a 
longer  or  shorter  course,  while  others  are  continued  directly  into  the  posterior 

>  Ab  already  mentioned  (footnote,  p.  816),  a  neuron  in  the  posterior  column  of  the  medulla  spinalis  is  probably  intei^ 
posed  between  each  upper  and  lower  motor  neuron. 
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funiculi,  where  they  form  the  fasciculus  gracilis  and  fasciculus  cuneatus.  From 
the  cells  of  the  posterior  column,  fibres  arise  which  cross  the  middle  line  and  ascend 
in  the  superficial  antero-lateral  fasciculus.  The  fibres  of  the  fasciculus  gracilis 
and  fasciculus  cuneatus  end  by  arborizing  around  the  cells  of  the  gracile  and  cuneate 
nuclei  in  the  medulla  oblongata,  and  from  these  cells  the  fibres  of  the  medial 


Medial  lemniactia 


Sensory  decussaium 


Fcucictdtu  cuneaius^ 
FascicuJua  gracilis 


Nucleus  cuneatus 
Nucleus  gracilis 


Posterior  nerve  roots 


Fig.  76^  — ^The  Bensoiy  tract.     (Modified  from  Poirier.) 

lemniscus  take  origin  and  cross  to  the  opposite  side  in  the  sensory  decussation. 
The  medial  lemniscus  is  then  joined  by  the  fibres  of  the  superficial  antero-lateral 
fasciculus,  which  have  already  crossed  in  the  medulla  spinalis,  and  in  its  further 
course  receives  fiores  from  the  cerebral  sensory  nuclei  of  the  opposite  side,  with 
the  exception  of  the  cochlear  division  of  the  acoustic  nerve.  Ascending  through 
the  cerebral  peduncle,  the  lemniscus  gives  off  some  fibres  to  the  lentiform  nucleus 
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and  insula,  but  the  greater  part  of  it  is  carried  into  the  thalamus,  where  most 
of  its  fibres  end — only  a  small  proportion  being  continued  directly  into  the  cerebral 
cortex.  From  the  gray  substance  of  the  thalamus  the  fibres  of  the  third  link  in 
the  chain  arise  and  pass  to  the  cerebral  cortex.  The  fibres  from  the  terminal  nuclei 
of  the  cochlear  nerve  pass  upward  in  the  lateral  lemniscus,  and  are  carried  through 
the  occipital  part  of  the  internal  capsule  to  the  temporal  lobe.  Further,  the  super- 
ficial antero-lateral  fasciculus  gives  off  fibres  which  reach  the  cerebellum  through 
the  brachia  conjunctiva.  It  will  be  evident,  therefore,  that  in  most  cases  there 
are  three  cell-stations  interposed  in  the  course  of  the  sensory  impulses.  For  clinical 
purposes,  therefore,  three  neurons  are  described:  (1)  the  lowest  sexisory  neurons 
comprise  the  cells  of  the  posterior  root  ganglia  and  their  peripheral  and  central 
processes;  (2)  the  intermediate  sensory  neurons  are  the  cells  of  the  nuclei  cuneati 
and  gracilis  and  their  processes,  while  (3)  the  highest  sensory  neurons  are  the  cells 
of  the  thalami  and  the  fibres  passing  from  these  to  the  cerebral  cortex. 

Applied  Anatomy. — The  chief  symptoms  of  diseases  of  the  brain  and  medulla  spinalis  depend 
upon  the  particular  systems  of  neurons  picked  out  for  attack,  and  some  of  them  may  be  briefly 
summarized  as  follows:  Motor  paralysis  of  the  spastic  type,  with  rigidity  of  the  muscles  and 
increased  reflexes,  follows  destruction  of  the  upper  motor  neurons;  flaccid  paralysis j  with  loss  of 
the  reflexes  and  rapid  musciilar  atrophy,  follows  destruction  of  the  lower  motor  neurons.  Sensory 
paralysis  follows  injury  to  any  part  of  the  sensory  path;  in  tabes  it  is  due  to  injuiy  of  the  lowest 
sensory  neurons,  in  hemiplegia  to  destruction  of  the  highest  sensory  axon  as  it  traverses  the 
occipital  part  of  the  internal  capsule.  Dissociation  of  sensations,  or  the  loss  of  some  forms  of 
sensation  while  others  remain  unimpaired,  is  seen  in  a  number  of  conditions  such  as  tabes  or 
syringomyelia;  it  shows  that  the  paths  through  which  various  forms  of  sensation  travel  to  the 
brain  are  different.  Abnormalities  of  reflex  actions  are  of  very  great  help  in  the  diagnosis  of  nervous 
complaints.  The  numerous  superficial  or  skin  reflexes,  e.  g.,  the  scapular,  irritation  of  the  skin 
over  the  scapula  produces  contraction  of  the  scapular  muscles;  the  abdominal,  stroking  the 
abdomen  causes  its  retraction;  the  cremasteric,  stroking  the  inner  side  of  the  thigh  causes  retrac- 
tion of  the  testis  on  that  side;  the  plantar,  tickling  the  sole  of  the  foot  brings  on  plantar  flexion 
of  the  toes,  if  present,  show  that  the  reflex  arcs  on  whose  integrity  their  existence  depends  are 
intact;  but  they  are  often  absent  in  health,  and  so  cannot  be  trusted  to  indicate  disease.  The 
deep  reflexes  or  tendon  reactions,  such  as  the  knee-jerk  or  the  tendo-calcaneus  jerk,  are  increased 
in  chronic  degeneration  of,  or  gradually  increasing  pressure  on,  the  cerebrospinal  fibres  (upper 
motor  neuron),  in  nervous  or  hysterical  patients,  and  when  the  irritability  of  the  cells  of  the 
anterior  column  (lower  motor  neuron)  is  increased,  as  happens  in  tetanus  or  in  poisoning  by 
strychnine.  They  are  lost  when  the  lower  motor  or  lower  sensory  neurons  are  dbeased,  and  in 
a  few  other  conditions;  absence  of  the  knee-jerk  is  very  rare  in  health,  and  suggests  disease  in 
some  part  of  its  reflex  arc,  in  the  third  and  fourth  lumbar  segments  of  the  cord,  or  else,  more 
rarely,  grave  intracranial  or  spinal  disease  cutting  off  the  lower  from  the  higher  nervous  centres. 
The  organic  reflexes  of  the  pupil,  bladder,  and  rectum  are  of  the  greatest  practical  importance. 
The  conmionest  defect  in  the  reflexes  of  the  pupil  is  reflex  iridoplegia,  or  failure  to  contract  on 
exposure  to  light,  without  failure  to  contract  on  convergence  or  accommodation  (^ArgyU-Robertr 
eon  pupU).  The  pupil  is  also  contracted  (miosis),  and  may  or  may  not  dilate  when  the  skin  of 
the  neck  is  pincheid  (the  ciliospinal  reflex).  Micturition  is  a  spinal  reflex  much  under  the  control 
of  the  brain;  if  the  centre  for  micturition  in  the  second  sacral  segment  is  destroyed  the  sphincter 
and  the  walls  of  the  bladder  are  paralyzed,  the  bladder  becomes  distended  with  urine,  and  incon- 
tinence from  overflow  results.  If  this  centre  escapes  injiuy  but  is  cut  off  more  or  less  completely 
from  impulses  descending  to  it  from  above,  there  will  be  more  or  less  interference  with  micturition. 
This  varies  in  degree  from  the  ''precipitate  micturition"  of  tabetic  patients,  who  must  perforce 
hurry  to  pass  water  the  moment  the  impulse  seizes  them,  to  the  state  of  ''reflex  incontinence," 
when  the  bladder  automatically  empties  itself  from  time  to  time,  almost  without  the  patient's 
knowledge.  Defecation  is  a  very  similar  spinal  reflex,  and  is  liable  to  very  similar  disorders  of 
function. 

The  upper  motor  neuron  (p.  896)  is  affected  in  hemiplegia,  tbj  lower  motor  neuron  (p.  897)  in 
infantile  spinal  paralysis;  both  these  systems  of  neurons  are  diseased  together  in  the  somewhat 
rare  disorders  known  as  amyotrophic  lateral  sclerosis  and  progressive  muscular  atrophy.  The 
chief  symptom  here  is  wasting  and  weakness  in  certain  groups  of  muscles;  the  palsy  will  be  flaccid, 
with  loss  of  the  reflexes,  or  spastic,  with  increased  reflexes,  according  as  the  degeneration  mainly 
involves  the  lower  or  the  upper  motor  neuron.  The  sphincters  are  affe<^ed  only  in  the  later 
stages  of  these  diseases. 

Pathologioal  changes  in  the  lowest  sensory  neuron  are  the  cause  of  tabes  dorsalis  or  locomotor 
ataxy,  which  occurs  almost  entirely  in  adults  who  have  had  syphilis.    In  the  early  or  preataxic 
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stage  the  patient  may  exhibit  the  Argyll-Robertson  pupil  (page  899),  and  loss  of  the  knee-jerks, 
and  complain  of  sharp,  stabbing  pains  ('' lightning  pains'')  in  the  limbs,  difficult  or  precipitate 
micturition,  and  sometimes  of  severe  and  painful  attacks  of  indigestion  (gastric  crises).  In  the 
second  or  ataxic  stage,  coming  on  perhaps  years  later,  he  will  complain,  in  addition,  of  inter- 
ference with  his  powers  of  getting  about  and  turning,  although  his  muscular  strength  is  well 
preserved.  He  is  unable  to  stand  steady  with  his  eyes  shut  or  in  the  dark,  his  gait  becomes 
exaggerated  and  stamping  in  character,  he  has  to  use  a  stout  stick  to  walk  with,  and  he  may 
suffer  from  painful  crises  in  various  parts  of  the  body.  Control  over  the  sphincters  is  further 
weakened,  and  on  examination  there  will  be  found  marked  incoordination  of  the  limbs,  zones 
of  anesthesia  about  the  trunk  or  down  the  limbs,  and  marked  analgesia  (or  insensitiveness  to 
pain)  when  pressure  is  applied  to  the  bones,  tendons,  trachea,  tongue,  eyeballs,  mammse,  and 
testes.^  The  ataxy  progresses  until  the  third  or  bedridden  stage  is  reached;  control  over  the 
sphincters  is  still  further  lost,  and  the  patient  is  likely  to  die  of  intercurrent  disease  or  of  general 
paralysis  of  the  insane. 

No  nervous  disease  is  recognized  as  dependent  upon  degeneration  of  either  the  intermediak 
or  highest  sensory  neuron, 

MENINGES   OF  THE  BRAIN   AND  MEDULLA  SPINAUS. 

The  brain  and  medulla  spinalis  are  enclosed  within  three  membranes.  These 
are  named  from  without  inward:  the  dura  mater,  the  arachnoid,  and  the  pia  mater. 

The  Dura  Mater. 

The  dura  mater  is  a  thick  and  dense  inelastic  membrane.  The  portion  which 
encloses  the  brain  differs  in  several  essential  particulars  from  that  which  surrounds 
the  medulla  spinalis,  and  therefore  it  is  necessary  to  describe  them  separately; 
but  at  the  same  time  it  must  be  distinctly  understood  that  the  two  form  one  com- 
plete membrane,  and  are  continuous  with  each  other  at  the  foramen  magnum. 

The  cerebral  dura  mater  (dura  mater  encephali;  dura  of  the  brain)  lines  the 
interior  of  the  skull,  and  serves  the  two-fold  purpose  of  an  internal  periosteum 
to  the  bones,  and  a  membrane  for  the  protection  of  the  brain.  It  is  composed  of 
two  layers,  an  inner  or  meningeal  and  an  outer  or  endosteal,  closely  connected 
together,  except  in  certain  situations,  where,  as  already  described  (page  729), 
they  separate  to  form  sinuses  for  the  passage  of  venous  blood.  Its  outer  surface 
is  rough  and  fibrillated,  and  adheres  closely  to  the  inner  surfaces  of  the  bones, 
the  adhesions  being  most  marked  opposite  the  sutures  and  at  the  base  of  the  skull 
its  inner  surface  is  smooth  and  lined  by  a  layer  of  endothelium.  It  sends  inward 
four  processes  which  divide  the  cavity  of  the  skull  into  a  series  of  freely  communica- 
ting compartments,  for  the  lodgement  and  protection  of  the  different  parts  of  the 
brain;  and  it  is  prolonged  to  the  outer  surface  of  the  skull,  through  the  various 
foramina  which  exist  at  the  base,  and  thus  becomes  continuous  with  the  peri- 
cranium; its  fibrous  layer  forms  sheaths  for  the  nerves  which  pass  through  these 
apertures.  Around  the  margin  of  the  foramen  magnum  it  is  closely  adherent  to 
the  bone,  and  is  continuous  with  the  spinal  dura  mater. 

Processes. — The  processes  of  the  cerebral  dura  mater,  which  projects  into  the 
cavity  of  the  skull,  are  formed  by  reduplications  of  the  inner  or  meningeal  layer 
of  the  membrane,  and  are  four  in  number:  the  falx  cerebri,  the  tentorium  cerebelli, 
the  falx  cerebelli,  and  the  diaphragma  sellsB. 

The  falx  cerebri  (Fig.  765),  so  named  from  its  sickle-like  form,  is  a  strong,  arched 
process  which  descends  vertically  in  the  longitudinal  fissure  between  the  cerebral 
hemispheres.  It  is  narrow  in  front,  where  it  is  attached  to  the  crista  galli  of  the 
ethmoid;  and  broad  behind,  where  it  is  connected  with  the  upper  surface  of  the 
tentorium  cerebelli.  Its  upper  margin  is  convex,  and  attached  to  the  inner  surface 
of  the  skull  in  the  middle  line,  as  far  back  as  the  internal  occipital  protuberance: 
it  contains  the  superior  sagittal  sinus.  Its  lower  margin  is  free  and  concave,  ana 
contains  the  inferior  sagittal  sinus. 

'  J.  Graaset,  Le  Tabes,  Maladie  de  la  Sensibility  profonde,  Montpellier,  1909. 
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The  tentorium  cerebelli  (Fig.  76fy)  is  an  arched  lamina,  elevated  in  the  middle, 
and  inclining  downward  toward  the  circumference.  It  covers  the  superior  surface 
of  the  cerebellum,  and  supports  the  occipital  lobes  of  the  brain.  Its  anterior  border 
is  free  and  concave,  and  bounds  a  large  oval  opening,  the  incisura  tentorii,  for  the 
transmission  of  the  cerebral  peduncles.  It  is  attached,  behind,  by  its  convex  border, 
to  the  transverse  ridges  upon  the  inner  surface  of  the  occipital  bone,  and  there 
encloses  the  transverse  sinuses;  in  front,  to  the  superior  angle  of  the  petrous  part 
of  the  temporal  bone  on  either  side,  enclosing  the  superior  petrosal  sinuses.  At 
the  apex  of  the  petrous  part  of  the  temporal  bone  the  free  and  attached  borders 
meet,  and,  crossing  one  another,  are  continued  forward  to  be  fixed  to  the  anterior 
and  posterior  clinoid  processes  respectively.  To  the  middle  line  of  its  upper  surface 
the  posterior  border  of  the  falx  cerebri  is  attached,  the  straight  sinus  being  placed 
at  their  line  of  junction. 


Abdveent  nene    Tfii/fminal  nem 
Pxo.  705. — Dun  Euattr  apd  iu  procesKi  eipoard  by  Kmoviac  part  of  lh«  riffht  balf  of  the  flkull  and  tbc  braiJi. 

The  falx  cerebelli  is  a  small  triangular  process  of  dura  mater,  received  into  the 
posterior  cerebellar  notch.  Its  base  is  attached,  above.to  the  under  and  back  part 
of  the  tentorium;  its  posterior  mar^n,  to  the  lower  division  of  the  vertical  crest 
on  the  inner  surface  of  the  occipital  bone.  As  it  descends,  it  sometimes  divides 
into  two  smaller  folds,  which  are  lost  on  the  sides  of  the  foramen  ifiagnum. 
*  The  (UaphTa{ma  selUe  is  a  small  circular  horizontal  fold,  which  roofs  In  the  sella 
turcica  and  almost  completelj-  covers  the  h\-poph\-sis ;  a  small  central  opening 
transmits  the  infundibulum. 
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Stractnre. — The  crttoial  dura  mater  conaiets  of  white  fibrous  tissue  and  elastic  fibres  arru^ed 
in  flattened  Intniiup  which  are  imperfectly  separated  by  lacunar  spaces  and  bloodvesBels  into 
two  layers,  endoitul  and  meiiin(«ftl.  The  sitdotteal  Ujrer  is  tbe  interna)  periosteum  for  the 
cranial  bonee,  and  contains  the  bloodvessels  for  their  supply.  At  the  luai^  of  the  foramen 
magnum  it  is  continuous  with  the  periosteum  lining  the  vertebral  canal.  The  mojdnful  or 
Sivportinc  Uyer  is  lined  on  its  inner  surface  by  a  layer  of  nucleated  endothelium,  similar  to  tbat 
found  on  serous  membranes. 

Oplic  nerw  lateraai  amlid  artrry 


End  of  superior  sagittal  sinU4 
Flo,  76C,— Tentoriutn  CEKbelli  teen  from  above. 

The  utaiiM  of  the  dura  mater  arp  very  numerous.  Those  in  the  anterior  fossa  are  the  antwiof 
meningeal  branches  of  the  anterior  and  posterior  ethmoidal  and  internal  carotid,  and  a  branch 
from  the  middle  meninf;eal.  Those  in  the  middle  fossa  are  the  middle  and  accessory  meningMl 
of  the  internal  maxillary;  a  branch  from  the  ascending  pharyngeal,  which  enters  the  skuli  through 
the  foramen  lacerum;  branches  from  the  internal  carotid,  and  a  recurrent  branch  from  the  lacrimal. 
Those  in  the  posterior  fossa  are  meningeal  branches  from  the  occipital,  one  entering  the  skull 
through  the  jugular  foramen,  and  another  through  the  mastoid  foramen;  the  posterior  meninges] 
from  the  vertebral;  occasional  meningeal  branches  from  the  ascending  pharyngeal,  entering  the 
skull  through  the  jugular  foramen  and  hypoglossal  canal;  and  a  branch  from  the  middle  meningeal. 

The  veins  returning  the  blood  from  the  cranial  dura  mater  anastomose  with  the  diploic  veins 
and  end  in  the  various  sinuaeG.  Many  of  the  meningeal  veins  do  not  open  directly  into  the  sinuses, 
but  indirectly  through  a  series  of  ampulla;,  termed  venoas  IwnaM.  These  are  found  on  either 
side  of  the  superior  sagittal  sinus,  especially  near  itn  middle  portion,  and  are  often  invaginftled 
by  arachnoid  granulations;  they  also  exist  near  the  traUEVcrse  and  etrai^t  sinuses.  Tbey 
communicate  with  the  underlying  cerebral  veins,  and  also  with  the  diploic  and  emissary  veiM. 

The  nerras  ot  the  cerebral  dura  mater  are  filaments  from  the  semilunar  ganghon,  from  the 
ophthalmic,  maxillary,  mandibular,  vagus,  and  hypoglossal  nerves,  and  from  the  Bympathetie, 

The  spinal  dura  mater  (dura  mater  spinalis;  spinal  dura)  (Fig.  767)  forms  a 
loose  sheath  around  the  medulla  spinalis,  and  represents  only  the  inner  or  meningeal 
layer  of  the  cerebral  dura  mater;  the  outer  or  endosteal  layer  ceases  at  the  foramen 
magnum,  its  place  being  taken  by  the  periosteum  lining  the  vertebral  canal.   The 
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spinal  dura  mater  is  separated  from  the  arachnoid  by  a  potential  cavity,  the  sub- 
dural c&Titr;  the  two  membranes  are,  in  fact,  in  contact  with  each  other,  except 
where  they  are  separated  by  a  minute  quantity  of 
fluid,  which  serves  to  moisten  the  apposed  surfaces. 
It  is  separated  from  the  wall  of  the  vertebral  canal 
by  a  space,  the  epidural  space,  which  contains  a  quan- 
tity of  loose  areolar  tissue  and  a  plexus  of  veins;  the 
situation  of  these  veins  between  the  dura  mater  and 
the  periosteum  of  the  vertebrse  corresponds  therefore 
to  that  of  the  cranial  sinuses  between  the  meningeal 
and  endosteal  layers  of  the  cerebral  dura  mater.  The 
spinal  dura  mater  is  attached  to  the  circumference  of 
the  foramen  magnum,  and  to  the  second  and  third 
cervical  vertebrse;  it  is  also  connected  to  the  pos- 
terior longitudinal  ligament,  especially  near  the  lower 
end  of  the  vertebral  canal,  by  fibrous  slips.  The 
subdural  cavity  ends  at  the  lower  border  of  the  second 
sacral  vertebra;  below  this  level  the  dura  mater  closely 
invests  the  filum  terminate  and  descends  to  the  back  of 
the  coccyx,  where  it  blends  with  the  periosteum.  The 
sheath  of  dura  mater  is  much  larger  than  is  necessary 
for  the  accommodation  of  its  contents,  and  its  size  is 
greater  in  the  cervical  and  lumbar  regions  than  in 

the  thoracic.  On  each  side  may  be  seen  the  double  ^^  767 -The  m«iuii.  ^.li.  and 
openings  which  transmit  the  two  roots  of  the  corre-  in  roBmbruwB. 

spending  spinal  nerve,  the  dura  mater  being  continued 

in  the  form  of  tubular  prolongations  on  them  as  they  pass  through  the  interverte- 
bral foramina.  These  prolongations  are  short  in  the  upper  part  of  the  vertebral 
column,  but  gradually  become  longer  below,  forming  a  number  of  tubes  of  fibrous 
membrane,  which  enclose  the  lower  spinal  neires  and  are  contained  in  the  verte- 
bral canal. 

Btmctim.— The  spiual  dura  mater  reaemblee  in  structure  the  meoingeaJ  or  supportini;  layer 
of  the  cranial  dura  mater,  consisting  of  white  fibrous  and  elastic  tissue  arranged  in  bands  or 
lamellffi  which,  for  the  most  part,  are  parallel  with  one  another  and  have  a  longitudinal  arrange- 
ment. Its  internal  surface  is  smooth  and  covered  by  a  layer  of  endothelium.  It  is  sparingly 
supplied  with  bloodvessels,  and  a  few  nerves  have  been  traced  into  it. 

Tbe  Aiachnoid. 

The  arachnoid  is  a  delicate  membrane  enveloping  the  brain  and  medulla  spinalis 
and  lying  between  the  pia  mater  internally  and  the  dura  mater  externally;  it  is 
separated  from  the  pia  mater  by  the  subarachnoid  cavity,  which  is  filled  with 
cerebrospinal  fiuid. 

The  cerebral  part  {arachnoidea  encephali)  of  the  arachnoid  invests  the  brain 
loosely,  and  does  not  dip  into  the  sulci  between  the  gyri,  nor  into  the  fissures,  with 
the  exception  of  the  longitudinal.  On  the  upper  surface  of  the  brain  the  arachnoid 
is  thin  and  transparent;  at  the  base  it  is  thicker,  and  slightly  opaque  toward  the 
central  part,  where  it  extends  across  between  the  two  temporal  lobes  in  front 
of  the  pons,  so  as  to  leave  a  considerable  interval  between  it  and  the  brain. 

The  spinal  part  iaracknoidea  spinalw)  of  the  arachnoid  is  a  thin,  delicate,  tubular 
membrane  loosely  investing  the  medulla  spinalis.  Above,  it  is  continuous  with 
the  cerebral  arachnoid;  below,  it  widens  out  and  invests  the  cauda  equina  and  the 
nerves  proceeding  from  it.  It  is  separated  from  the  dura  mater  by  the  subdural 
space,  but  here  and  there  this  space  is  traversed  by  isolated  connective-tissue 
trabeculse,  which  are  mpst  numerous  on  the  posterior  surface  of  the  medulla  spinalis. 


The  arachnoid  surrounds  the  cerebral  and  spinal  nerves,  and  encloses  them 
in  loose  sheaths  as  far  as  their  points  of  exit  from  the  skull  and  vertebral  canal. 

Strnctore. — The  arachnoid  coneiats  of  bundles  of  white  fibroiu  and  elastic  tissue  intimslely 
blended  together.  Its  outer  surface  is  covered  with  a  layer  of  endothelium.  Vessels  of  coosider- 
able  size,  but  few  in  number,  and,  according  to  Bochdalek,  a  rich  plexus  of  nerves  derived  from 
the  motor  root  of  the  trigeminal,  the  facial,  and  the  accessory  nerves,  are  found  ia  the  arachnoid. 

The  sabaraehnoid  cavity  (cavum  subarachnoideate;  syharaehnoid  space)  is  the 
interval  between  the  arachnoid  and  pia  mater.  It  is  occupied  by  a  spongy  tissue 
consisting  of  trabeculee  of  delicate  connective  tissue,  and  intercommunicatiat; 
channels  in  which  the  subarachnoid  fluid  is  contained.  This  cavity  is  small  on  the 
surface  of  the  hemispheres  of  the  brain;  on  the  summit  of  each  gyrus  the  pia  mater 
and  the  arachnoid  are  in  close  contact;  but  in  the  sulci  between  the  gyri,  triangular 
spaces  are  left,  in  which  the  subarachnoid  trabecular  tissue  is  found,  for  the  pia 
mater  dips  into  the  sulci,  whereas  the  arachnoid  bridges  across  them  from  gjTUS  to 
gyrus.  At  certain  parts  of  the  base  of  the  brain,  the  arachnoid  is  separated  from  the 
pia  mater  by  wide  intervals,  which  communicate  freely  with  each  other  and  are 
named  subarachnoid  cistenus;  in  these  the  subarachnoid  tissue  is  less  abundant. 


Subarachnoid  Gistenue  (cUtemae  svbaracknoidales)  (Fig.  768).  —  The  cirtamt 
c«rebeUomedtillaris  {cisternn  magna)  is  triangular  on  sagittal  section,  and  results 
from  the  arachnoid  bridging  over  the  interval  between  the  medulla  oblongata 
and  the  under  surfaces  of  the  hemispheres  of  the  cerebellum;  it  is  continuous 
with  the  Hubarachnoiil  cavity  of  the  medulla  spinalis  at  the  level  of  the  foramen 
magnum.  The  cistenia  pontia  is  a  considerable  space  on  the  ventral  aspect  of  tbe 
pons.  It  contains  the  basilar  artery,  and  is  continuous  behind  with  the  subarach- 
noid cavity  of  the  medulla  spinalis,  and  with  the  cisterna  cerebellomedullaris;  and 
in  front  of  the  pons  with  the  cisterna  interpeduncularis.  The  cisterna  interpedtmcii- 
luis  {/nsterna  basalts)  is  a  wide  cavity  where  the  arachnoid  extends  across  between 
the  two  temporal  lobes.  It  encloses  the  cerebral  peduncles  and  the  structures 
contained  in  the  interpeduncular  fossa,  and  contains  the  arterial  circle  of  Willis. 
In  front,  the  cisterna  interpeduncularis  extends  for«'ard  across  the  optic  chiasma, 
forming  the  cisterna  chiasmatis,  and  on  to  the  upper  surface  of  the  corpus  callosum, 
for  the  arachnoid  stretches  across  from  one  cerebral  hemisphere  to  the  other  immedi- 
ately beneath  the  free  bonier  of  the  falx  cerebri,  and  thus  leaves  a  space  in  which 
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the  anterior  cerebral  arteries  are  contained.  The  ctstema  fossae  cerebri  lateralis  is 
formed  in  front  of  either  temporal  lobe  by  the  arachnoid  bridging  across  the  lateral 
fissure.  This  cavity  contains  the  middle  cerebral  artery.  The  cistema  venae 
magnae  cerebri  occupies  the  interval  between  the  splenium  of  the  corpus  callosum 
and  the  superior  surface  of  the  cerebellum;  it  extends  between  the  layers  of  the  tela 
chorioidea  of  the  third  ventricle  and  contains  the  great  cerebral  vein. 

The  subarachnoid  cavity  communicates  with  the  general  ventricular  cavity 
of  the  brain  by  three  openings;  one,  the  foramen  of  Majendie,  is  in  the  middle  line 
at  the  inferior  part  of  the  roof  of  the  fourth  ventricle;  the  other  two  are  at  the 
extremities  of  the  lateral  recesses  of  that  ventricle,  behind  the  upper  roots  of  the 
glossopharj'ngeal  nerves.  It  is  stated  hy  Meckel  that  the  lateral  ventricles  also 
communicate  with  the  subarachnoid  cavity  at  the  apices  of  their  inferior  cornua. 
There  is  no  direct  communication  between  the  subdural  and  subarachnoid  cavities. 

Eiaisaary  vein 
VtTimui  Jortino  i         n     h,  l      ■  ^"^  toffiUat  tinm 


Fia.  709. — DLuruTUOAtic  repreaeatatioD  of  m  BeciioD  acrou  the  top  of  the  atcuH.  dhowiiu  the  membrtmea  ol  the 
bnin,  etc.     (Modified  (rom  fotut.) 

The  spinal  part  of  the  subarachnoid  cavity  is  a  verj-  wide  interval,  and  is  the 
largest  at  the  lower  part  of  the  vertebral  canal,  where  the  arachnoid  encloses 
the  nerves  which  form  the  cauda  equina.  Above,  it  is  continuous  with  the  cranial 
subarachnoid  cavity;  below,  it  ends  at  the  level  of  the  lower  border  of  the  second 
sacral  vertebra.  It  is  partially  divided  by  a  longitudinal  septum,  the  subarachnoid 
septum,  which  connects  the  arachnoid  with  the  pia  mater  opposite  the  posterior 
median  sulcus  of  the  medulla  spinalis,  and  forms  a  partition,  incomplete  and  cribri- 
form above,  but  more  perfect  in  the  thoracic  region.  The  spinal  subarachnoid 
cavity  is  further  subdivided  by  the  ligamentom  denticnlatum,  which  will  be  described 
with  the  pia  mater. 


The  cerebroepinal  fluid  is  a  cle&r  limpid  fluid,  having  a  saltish  taate,  and  a  slightly  a 
reaction.  According  to  Lasaaigne,  it  consists  of  9S.5  parts  of  water,  the  remaining  1.5  per  cent. 
belDK  soUd  matters,  animal  and  aaline.  It  varies  in  quantity,  being  most  abundant  in  old  persons, 
and  is  quickly  secreted. 

The  arachnoid  gianulatiotis  {granulationea  aracknoideales;  glandulae  Pacckioni; 
arachnoid  villi;  Pacchionian  bodies)    (Fig,  769)  are  small,  fleshy-looking  eleva- 
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tions,  usually  collected  into  clusters  of  variable  size,  which  are  present  upon  the 
outer  surface  of  the  dura  mater,  in  the  vicinity  of  the  superior  sagittal  sinus,  and 
in  some  other  situations.  Upon  laying  open  the  sagittal  sinus  and  the  venous 
lacunte  on  either  side  of  it  granulations  will  be  found  protruding  into  its  interior. 
They  are  not  seen  in  infancy,  and  very  rarely  until  the  third  year.  They  are 
usually  found  after  the  seventh  year;  and  from  this  period  they  increase  in 
number  and  size  as  age  advances.  They  are  not  glandular  in  structure,  but  are 
enlarged  normal  villi  of  the  arachnoid.  As  they  grow  they  push  the  thinned 
dura  mater  before  them,  and  cause  absorption  of  the  bone  from  pressure,  and 
so  produce  the  pits  or  depressions  on  the  inner  wall  of  the  calvarium. 


— Ad  arachnoidal  gramilatian  coogiBte  of  the  following  parte:  (1)  In  the  interior 
is  a  core  of  subarachnoid  tissue,  continuous  with  the  meeh-work  of  the  general  Bubarachnoid 
tissue  through  a  narrow  pedicle,  by  which  the  granulation  is  attached  to  the  arachnoid.  (2) 
Around  this  tissue  is  a  layer  of  arachnoid  membrane,  limiting  and  enclodiig  the  subarachnoid 
tissue.  (3)  Outside  this  is  the  thinned  wall  of  the  lacuna,  which  is  separated  from  the  arachnoid 
by  a  space  which  corresponds  to  and  is  continuous  with  the  subdui^  cavity.  (4)  And  finally, 
if  the  granulation  projects  into  the  sagittal  sinus,  it  will  be  covered  by  the  greatly  thinned  upper 
walls  of  the  sinus.  It  will  be  Been,  therefore,  that  fluid  injected  into  the  subarachnoid  cavity  wiU 
find  its  way  into  these  granulations,  and  it  has  been  found  experimentally  that  it  passes  by  osmods 
from  the  granulations  into  the  venous  sinuses  into  which  they  project. 

The  Pia  Mater. 

The  pia  mater  is  a  vascular  membrane,  consisting  of  a  minute  plexus  of  blood- 
vessels, held  together  by  an  extremely  fine  areolar  tissue. 

The  cerebral  pia  mater  (pia  viater  encephali;  pia  of  the  brain)  invests  the  entire 
surface  of  the  brain,  dips  between  the  cerebral  gyri  and  cerebellar  laminte,  and  is 
invaginated  to  form  the  tela  chorioidea  of  the  third  ventricle,  and  the  choroid 
plexuses  of  the  lateral  and  third  ventricles  (pages  887  antl  888) ;  as  it  passes  over 
the  roof  of  the  fourth  ventricle,  it  forms  the  tela  chorioidea  and  the  choroid 
plexuses  of  this  ventricle.  Upon  the  surfaces  of  the  hemispheres,  where  it  covers 
the  gray  substance,  it  gives  off  from  its  deep  surface  a  multitude  of  sheaths,  around 
the  minute  vessels,  that  extend  perpendicularly  for  some  distance  into  the  cerebral 
substance.  On  the  cerebellum  the  membrane  is  more  delicate;  the  vessels  from  its 
deep  surface  are  shorter,  and  its  relations  to  the  cortex  are  not  so  intimate. 


The  spinal  pia  mater  {pia  mater  spivulis;  pia  of  the  cord)  (Figs.  767,  770)  is 
thicker,  firmer,  and  less  vascular  than  the  cerebral  pia  mater:  this  is  due  to  the  fact 
that  it  consists  of  two  layers,  the  outer  or  additional  one  being  composed  of  bundles 
of  connective-tissue  fibres,  arranged  for  the  most  part  longitudinally.  Between 
the  layers  are  cleft-like  spaces  which  communicate  with  the  subarachnoid  cavity, 
and  a  number  of  bloodvessels  which  are  enclosed  in  perivascular  lymphatic  sheaths. 
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The  spinal  pia  mater  covers  the  entire  surface  of  the  medulla  spinalis^  and  is  very 
intimately  adherent  to  it;  in  front  it  sends  a  process  backward  into  the  anterior 
fissure.  A  longitudinal  fibrous  band^  called  the  linea  splendens,  extends  along  the 
middle  line  of  the  anterior  surface;  and  a  somewhat  similar  band^  the  ligamentum 
denticulatum,  is  situated  on  either  side.  Below  the  conus  medullaris^  the  pia  mater 
is  continued  as  a  long^  slender  filament  (filom  terminale),  which  descends  through 
the  centre  of  the  mass  of  nerves  forming  the  cauda  equina.  It  blends  with  the 
dura  mater  at  the  level  of  the  lower  border  of  the  second  sacral  vertebra,  and  extends 
downward  as  far  as  the  base  of  the  coccyx,  where  it  fuses  with  the  periosteum.  It 
assists  in  maintaining  the  medulla  spinalis  in  its  position  during  the  movements 
of  the  trunk,  and  is,  from  this  circumstance,  (called  the  central  ligament  of  the 
medulla  spinalis. 

The  pia  mater  forms  sheaths  for  the  cerebral  and  spinal  nerves;  these  sheaths 
are  closely  connected  with  the  nerves,  and  blend  with  their  common  membranous 
investments. 

The  ligamentum  denticulatum  {dentate  ligament)  (Fig.  767)  is  a  narrow  fibrous 
band  situated  on  either  side  of  the  medulla  spinalis  throughout  its  entire  length, 
and  separating  the  anterior  from  the  posterior  nerve  roots.  Its  medial  border  is 
continuous  with  the  pia  mater  at  the  side  of  the  medulla  spinalis.  Its  lateral 
border  presents  a  series  of  triangular  tooth-like  processes,  the  points  of  which  are 
fixed  at  intervals  to  the  dura  mater.  These  processes  are  twenty-one  in  number, 
on  either  side,  the  first  being  attached  to  the  dura  mater,  opposite  the  margin 
of  the  foramen  magnum,  between  the  vertebral  artery  and  the  hypoglossal  nerve; 
and  the  last  near  the  lower  end  of  the  medulla  spinalis. 

Applied  Anatomy. — ^Evidence  of  great  value  in  the  diagnosis  of  meningitis  may  sometimes 
be  obtained  by  pimcturing  the  spinal  membranes  and  withdrawing  some  of  the  cerebrospinal 
fluid;  moreover,  the  operation  of  lumbar  puncture  is  in  many  cases  curative,  imder  the  suppo- 
sition that  the  draining  of  some  of  the  cerebrospinal  fluid  relieves  the  patient  by  diminishing 
the  intracranial  pressure.  The  operation  is  performed  by  inserting  a  trocar,  of  the  smallest 
size,  between  the  laminae  of  the  third  and  fourth,  or  of  the  fourth  and  fifth  lumbar  vertebrse, 
through  the  ligamentum  flavum.  The  medulla  spinalis,  even  of  a  child  at  birth,  does  not  reach 
below  the  third  lumbar  vertebra,  and  therefore  the  canal  may  be  pimctured  between  the  third 
and  fourth  lumbar  vertebrse  without  any  risk  of  injuring  this  structure.  The  point  of  puncture 
is  indicated  by  laying  the  patient  on  the  side  and  dropping  a  perpendicular  line  from  the  highest 
point  of  the  iliac  crest;  this  will  cross  the  upper  border  of  the  spinous  process  of  the  fourth  lumbar 
vertebra,  and  will  indicate  the  level  at  which  the  trocar  should  be  inserted  a  little  to  one  side 
of  the  middle  line.  The  puncture  may  require  to  be  repeated  more  than  once,  and  the  greatest 
precaution  must  be  taken  not  to  allow  septic  infection  of  the  meninges.  If  there  be  any  appre- 
ciable increase  of  pressure,  the  fluid  will  flow  through  the  trocar  with  the  greatest  freedom. 

In  addition  to  the  constitutional  signs  and  symptoms  of  fever,  acute  spinal  meningitis  exhibits 
certain  characteristic  features.  Pain  and  tenderness  to  pressure  along  the  vertebral  column  are 
common,  and  so  are  pains  in  the  limbs  or  aroimd  the  trunk  from  irritation  of  the  posterior  nerve 
roots  by  the  inflammatory  products.  Irritation  of  the  anterior  nerve  roots  is  shown  by  the 
increased  tone  of  the  muscles,  which  may  go  on  to  the  point  where  they  pass  into  a  state  of  spasm 
with  much  increased  reflexes;  this  is  often  seen  in  the  retraction  of  the  head  and  neck.  Later 
in  the  disease  the  reflexes  are  often  lost,  when,  also,  the  urine  and  feces  may  be  passed  involuntarily. 

THE  CEREBRAL  NERVES  (NERVI  CEREBRALES;  CRANIAL  NERVES). 

There  are  twelve  pairs  of  cerebral  nerves;  they  are  attached  to  the  brain  and 
are  transmitted  through  foramina  in  the  base  of  the  cranium.  The  different  pairs 
are  named  from  before  backward  as  follows: 

1st.    Olfactory.  7th.  Facial. 

2d.     Optic.  8th.  Acoustic. 

3rd.   Oculomotor.  9th.  Glossopharyngeal. 

4th.   Trochlear.  10th.  Vagus. 

5th.   Trigeminal.  11th.  Accessory. 

6th.   Abducent.  12th.  Hypoglossal. 
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tions,  usually  collected  into  clusters  of  variable  size,  which  are  present  upon  the 
outer  surface  of  the  dura  mater,  in  the  vicinity  of  the  superior  sagittal  sinus,  and 
in  some  other  situations.  Upon  laying  open  the  sagittal  sinus  and  the  venous 
lacunee  on  either  side  of  it  granulations  will  be  found  protruding  into  its  interior. 
They  are  not  seen  in  infancy,  and  very  rarely  until  the  third  year.  They  are 
usually  found  after  the  seventh  year;  and  from  this  period  they  increase  in 
number  and  size  as  age  advances.  They  are  not  glandular  in  structure,  but  are 
enlarged  normal  villi  of  the  arachnoid.  As  they  grow  they  push  the  thinned 
dura  mater  before  them,  and  cause  absorption  of  the  bone  from  pressure,  and 
so  produce  the  pits  or  depressions  on  the  inner  wall  of  the  calvarium. 

Stmctnre. — An  arachnoidal  granulation  coneista  of  the  foUowiDg  parts:  (1)  In  the  Interior 
ta  a  core  of  eubarachnoid  tissue,  continuous  with  the  mesh-work  of  the  general  subarachnoid 
tissue  through  a  narrow  pedicle,  by  which  the  granulatioa  is  attached  to  the  arachnoid.  (2) 
Around  this  tissue  is  a  layer  of  arachnoid  membrane,  limiting  and  enclosing  the  subarachnoid 
tissue.  (3}  Outside  this  is  the  thinned  wall  of  the  lacuna,  which  is  separated  from  the  arachnoid 
by  a  space  which  corresponds  to  sud  is  continuous  with  the  subdural  cavity.  (4)  And  finally, 
if  the  granulation  projects  into  the  sagittal  sinus,  it  will  be  covered  by  the  greatly  thinned  upper 
walls  of  the  sinus.  It  will  be  seen,  therefore,  that  fluid  injected  into  the  subarachnoid  cavity  will 
find  its  way  int^  these  granulations,  and  it  has  been  found  experimentally  that  it  passes  by  osmosia 
from  the  granulations  into  the  venous  sinuses  into  which  they  project. 

Tbe  Pia  Mater. 

The  pia  mater  is  a  vascular  membrane,  consisting  of  a  minute  plexus  of  blood- 
vessels, held  together  by  an  extremely  fine  areolar  tissue. 

The  cerebral  pia  mater  {pia  mater  encephali;  pia  of  the  brain)  invests  the  entire 
surface  of  the  brain,  dips  between  the  cerebral  gyri  and  cerebellar  laminte,  and  is 
invaginated  to  form  the  tela  chorioidea  of  the  third  ventricle,  and  the  choroid 
plexuses  of  the  lateral  and  third  ventricles  (pages  887  and  888) ;  as  it  passes  over 
the  roof  of  the  fourth  ventricle,  it  forms  the  tela  chorioidea  and  the  choroid 
plexuses  of  this  ventricle.  Upon  the  surfaces  of  the  hemispheres,  where  it  covers 
the  gray  substance,  it  gives  off  from  its  deep  surface  a  multitude  of  sheaths,  around 
the  minute  vessels,  that  extend  perpendicularly  for  some  distance  into  the  cerebral 
substance.  On  the  cerebellum  the  membrane  is  more  delicate ;  the  vessels  from  its 
deep  surface  are  shorter,  and  its  relations  to  the  cortex  are  not  so  intimate. 


The  spinal  pia  mater  (pia  mater  spinalis;  pia  of  the  cord)  (Figs.  767,  770)  is 
thicker,  firmer,  and  less  vascular  than  the  cerebral  pia  mater:  this  is  due  to  the  fact 
that  it  consists  of  two  layers,  the  outer  or  additional  one  being  composed  of  bundles 
of  connective-tissue  fibres,  arranged  for  the  most  part  longitudinally.  Between 
the  layers  are  cleft-like  spaces  which  communicate  with  the  subarachnoid  cavity, 
and  a  number  of  bloodvessels  which  are  enclosed  in  perivascular  lymphatic  sheaths. 
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The  spinal  pia  mater  covers  the  entire  surface  of  the  medulla  spinalis,  and  is  very 
intimately  adherent  to  it;  in  front  it  sends  a  process  backward  into  the  anterior 
fissure.  A  longitudinal  fibrous  band,  called  the  linea  splendens,  extends  along  the 
middle  line  of  the  anterior  surface;  and  a  somewhat  similar  band,  the  ligamentum 
denticulatum,  is  situated  on  either  side.  Below  the  conus  medullaris,  the  pia  mater 
is  continued  as  a  long,  slender  filament  (filom  terminale),  which  descends  through 
the  centre  of  the  mass  of  nerves  forming  the  cauda  equina.  It  blends  with  the 
dura  mater  at  the  level  of  the  lower  border  of  the  second  sacral  vertebra,  and  extends 
downward  as  far  as  the  base  of  the  coccyx,  where  it  fuses  with  the  periosteum.  It 
assists  in  maintaining  the  medulla  spinalis  in  its  position  during  the  movements 
of  the  trunk,  and  is,  from  this  circumstance,  (called  the  central  ligament  of  the 
medulla  spinalis. 

The  pia  mater  forms  sheaths  for  the  cerebral  and  spinal  nerves;  these  sheaths 
are  closely  connected  with  the  nerves,  and  blend  with  their  common  membranous 
investments. 

The  ligamentum  denticulatum  {dentate  ligament)  (Fig.  767)  is  a  narrow  fibrous 
band  situated  on  either  side  of  the  medulla  spinalis  throughout  its  entire  length, 
and  separating  the  anterior  from  the  posterior  nerve  roots.  Its  medial  border  is 
continuous  with  the  pia  mater  at  the  side  of  the  medulla  spinalis.  Its  lateral 
border  presents  a  series  of  triangular  tooth-like  processes,  the  points  of  which  are 
fixed  at  intervals  to  the  dura  mater.  These  processes  are  twenty-one  in  number, 
on  either  side,  the  first  being  attached  to  the  dura  mater,  opposite  the  margin 
of  the  foramen  magnum,  between  the  vertebral  artery  and  the  hypoglossal  nerve; 
and  the  last  near  the  lower  end  of  the  medulla  spinalis. 

Applied  Anatomy. — Evidence  of  great  value  in  the  diagnosis  of  meningitis  may  sometimes 
be  obtained  by  puncturing  the  spinal  membranes  and  withdrawing  some  of  the  cerebrospinal 
fluid;  moreover,  the  operation  of  lumbar  puncture  is  in  many  cases  curative,  imder  the  suppK)- 
sition  that  the  draining  of  some  of  the  cerebrospinal  fluid  relieves  the  patient  by  diminUdiing 
the  intracranial  pressure.  The  operation  is  performed  by  inserting  a  trocar,  of  the  smallest 
size,  between  the  laminae  of  the  third  and  fourth,  or  of  the  fourth  and  fifth  lumbar  vertebrse, 
through  the  ligamentum  flavum.  The  medulla  spinalis,  even  of  a  child  at  birth,  does  not  reach 
below  the  third  lumbar  vertebra,  and  therefore  the  canal  may  be  pimctured  between  the  third 
and  fourth  lumbar  vertebne  without  any  risk  of  injuring  this  structure.  The  i>oint  of  puncture 
is  indicated  by  laying  the  patient  on  the  side  and  dropping  a  perpendicular  line  from  the  highest 
point  of  the  iliac  crest;  this  will  cross  the  upper  border  of  the  spinous  process  of  the  fourth  lumbar 
vertebra,  and  will  indicate  the  level  at  which  the  trocar  should  be  inserted  a  little  to  one  side 
of  the  middle  line.  The  puncture  may  require  to  be  repeated  more  than  once,  and  the  greatest 
precaution  must  be  taken  not  to  allow  septic  infection  of  the  meninges.  If  there  be  any  appre- 
ciable increase  of  pressure,  the  fluid  will  flow  through  the  trocar  with  the  greatest  freedom. 

In  addition  to  the  constitutional  signs  and  symptoms  of  fever,  acute  spinal  meningitis  exhibits 
certain  characteristic  features.  Pain  and  tenderness  to  pressure  along  the  vertebral  column  are 
conunon,  and  so  are  pains  in  the  limbs  or  aroimd  the  trunk  from  irritation  of  the  posterior  nerve 
roots  by  the  inflammatory  products.  Irritation  of  the  anterior  nerve  roots  is  shown  by  the 
increased  tone  of  the  muscles,  which  may  go  on  to  the  point  where  they  pass  into  a  state  of  spasm 
with  much  increased  reflexes;  this  is  often  seen  in  the  retraction  of  the  head  and  neck.  Later 
in  the  disease  the  reflexes  are  often  lost,  when,  also,  the  urine  and  feces  may  be  passed  involuntarily. 

THE  CEBBBRAL  NEBVES  (NEBVI  CEBEBBALES;  CRANIAL  NERVES). 

There  are  twelve  pairs  of  cerebral  nerves;  they  are  attached  to  the  brain  and 
are  transmitted  through  foramina  in  the  base  of  the  cranium.  The  different  pairs 
are  named  from  before  backward  as  follow^s: 

1st.    Olfactory.  7th.  Facial. 

2d.     Optic.  8th.  Acoustic. 

3rd.    Oculomotor.  9th.  Glossopharyngeal. 

4th.    Trochlear.  10th.  Vagus. 

5th.    Trigeminal.  11th.  Accessory. 

6th.    Abducent.  12th.  Hypoglossal. 
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The  area  of  attachment  of  a  cerebral  nerve  to  the  surface  of  the  brain  is  termed 
its  superficial  or  apparent  origin.  The  fibres  of  the  nerve  can  be  traced  into  the  sub- 
stance of  the  brain  to  a  special  nucleus  of  gray  substance.  The  motor  or  efferent 
cerebral  nerves  arise  within  the  brain  from  groups  of  nerve  cells  which  constitute 
their  nuclei  of  origin.  The  sensory  or  afferent  cerebral  nerves  arise  from  groups 
of  nerve  cells  outside  the  brain;  these  nerve  cells  may  be  grouped  to  form  ganglia 
on  the  trunks  of  the  nerves  or  may  be  situated  in  peripheral  sensorv'  organs  such 
as  the  nose  and  eye.  The  central  processes  of  these  cells  run  into  the  brain,  and 
there  end  by  arborizing  around  nerve  cells,  which  are  grouped  to  form  nuclei  of 
tenninatitai.  The  nuclei  of  origin  of  the  motor  nerves  and  the  nuclei  of  termination 
of  the  sensorj'  nerves  are  brought  into  relationship  with  the  cerebral  cortex,  the 
former  through  the  geniculate  fibres  of  the  internal  capsule,  the  latter  through 
the  lemniscus.  The  geniculate  fibres  arise  from  the  cells  of  the  motor  area  of  the 
cortex,  and,  after  crossing  the  middle  line,  end  by  arborizing  around  the  cells  of  the 
nuclei  of  origin  of  the  motor  cerebral  nerves.  On  the  other  hand,  fibres  arise  from 
the  ceils  of  the  nuclei  of  termination  of  the  sensorj-  nerves,  and  after  crossing  to 
the  opposite  side,  join  the  lemniscus,  and  thus  connect  these  nuclei,  directly  or 
indirectly,  with  the  cerebral  cortex. 

THE  OLFACTORT  NEBTES  (HN.  OLFACTOIUI;  FIRST  NERVE)  (Fig.  771). 

The  olfactory  nerres  or  ner^■es  of  smell  are  distributed  to  the  mucous  membrane 
of  the  olfactory  region  of  the  nasal  cavity :  this  region  comprises  the  superior  nasal 
concha,  and  the  corresponding  part  of  the  nasal  septum.  The  nerves  originate 
from  the  central  or  deep  processes  of  the  olfactorj'  cells  of  the  nasal  mucous  mem- 
brane. The.v  form  a  plexiform  net-work  in  the  mucous  membrane,  and  are  then 
collected  into  about  twenty  branches,  which  pierce  the  cribriform  plate  of  the  eth- 
moid bone  ill  two  groups,  a  lateral  and  a  medial  group,  and  end  in  the  glomeruli 


Fio.  771. — NervM  ol  wptum  of  nojB.     Rightude.  Fio.  772. — ^PlBn  of  i>llftotoiy 


of  the  olfactorj'  bulb  (Fig.  772).  Each  branch  receives  tubular  sheaths  from  the 
dura  mater  and  pia  mater,  the  former  being  lost  in  the  periosteum  of  the  nose, 
the  latter  in  the  neurolemma  of  the  nerve. 

The  olfactory  nerves  are  non-medullated,  and  consist  of  axis-cylinders  surrounded 
by  nucleated  sheaths,  in  which,  however,  there  are  fewer  nuclei  than  are  found  in 
the  sheaths  of  ordinary  non-medullated  nerve  fibres. 

The  olfactory  centre  in  the  cortex  is  generallv  associated  with  the  rhinencephalon 
(page  874). 
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A^Ued  Ajtaiamj. — In  severe  injuriea  to  the  head  involving  the  anterior  foasa  of  the  baee  of 
the  ekull,  the  olfactory  bulb  may  become  separated  from  the  olfactory  nerves,  or  the  nerves 
may  be  torn,  thus  producing  loss  of  emell  (anosmia),  and  with  this  there  is  a  considerable  loss 
in  the  sense  of  taste,  since  much  of  the  perfection  of  the  sense  of  taste  is  due  to  the  substances 
being  also  odorous,  and  einiultaneouBly  exciting  the  sense  of  smell. 

Anosmia  often  occurs  after  influenza  or  other  acute  infection  of  the  nose.  Parosmia,  or  a  per- 
version of  the  sense  of  smell,  may  occur  in  lesions  of  the  cortical  olfactory  centres,  or  id  insanity. 

THE  OPTIC  NERTE  (N.  OPTICUS;  SECOND  REBTE)  (Fig.  773). 

The  optic  nerve,  or  nerve  of  sight,  is  distributed  exclusively  to  the  buib  of  the 
eye.     The  nerves  of  opposite  sides  are  connected  together  at  the  optic  chiasma, 
and  from  the  back  of  the  chiasma  the  nerve 
fibres  may  be  traced  to  the  brain,  in  the  optic 
tracts.  I 

The  optic  tract,  at   its  connection  with  the  | 

brain,  is  divided  into  two  bands,  lateral  and 
medial.  The  lateral  band  is  larger;  it  is  con- 
nected with  the  lateral  geniculate  body,  the 
pulvinarof  the  thalamus  and  the  superior  collic- 
ulus.  The  medial  band  ends  in  the  medial  genic- 
ulate body;  Its  fibres  are  merely  commissural, 
forming  Gudden's  commissure.  From  these 
attachments  the  tract  winds  obliquely  across 
the  under  surface  of  the  cerebral  peduncle  in 
the  form  of  a  flattened  band,  and  is  attached 
to  the  peduncle  by  its  anterior  margin.  It  then 
assumes  a  cylindrical  form,  and,  as  it  passes  for- 
ward, is  connected  with  the  tuber  cinereum  and        „     .-.-..,. 

,         .'  ...  „e       11      ■    ■  -.I  .i_     .         .  Fio.  773.— Th»  left  (^tio  nerve  Md  the 

lamina  termmalis.    It  Gnajjy  joms  with  the  tract  opuc  tneu. 

of  the  opposite  side  to  form  the  optic  chiasma. 

The  optic  chiagma  (chiasma  opticum),  somewhat  quadrilateral  in  form,  rests 
upon  the  tuberculum  seliae  and  on  the  anterior  part  of  the  diaphragma  sellae. 
It  is  in  relation,  aboxe,  with  the  lamina  terminalis;  behind,  with  the  tuber  cinereum; 
on  either  side,  with  the  anterior  perforated  substance.  Within  the  chiasma,  the 
optic  nerves  undergo  a  partial  decussation.  The  fibres  forming  the  medial  part  of 
each  tract  and  posterior  part  of  the  chiasma  have  no  connection  with  the  optic 
nerves.  They  simply  cross  in  the  chiasma,  and  connect  the  medial  geniculate 
bodies  of  the  two  sides;  they  form  the  commissure  of  Gaddeni  The  remaining  and 
principal  part  of  the  chiasma  consists  of  two  sets  of  fibres,  crossed  and  uncrossed. 
The  crossed  fibres  which  are  the  more  numerous,  occupy  the  central  part  of  the 
chiasma,  and  pass  from  the  optic  nerve  of  one  side  to  the  optic  tract  of  the  other, 
decussating  in  the  chiasma  with  similar  fibres  of  the  opposite  optic  nerve.  The 
uncrossed  fibres  occupy  the  lateral  part  of  the  chiasma,  and  pass  from  the  nerve 
of  one  side  into  the  tract  of  the  same  side.' 

The  great  majority  of  the  fibres  of  the  optic  nerve  (Fig.  774)  consist  of  the 
afferent  fibres  of  nerve  cells  in  the  retina;  a  few,  however,  are  efferent  fibres,  and 
grow  out  from  cells  in  the  brain.  They  become  medullated  about  the  tenth  week 
after  birth.  The  afferent  fibres  end  in  arborizations  around  the  cells  in  the  lateral 
geniculate  body,  piUvinar,  and  superior  colliculus,  which  constitute  the  lover 
visual  centres.  From  the  cells  of  these  centres  fibres  are  prolonged  to  the  cwtical 
Tisoal  centre,  situated  in  the  cuneus  and  in  the  neighborhood  of  the  calcarine 
fissure. 
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Some  fibres  are  detached  from  the  optic  tract,  and  pass  through  the  cerebral 
peduncle  to  the  nucleus  of  the  oculomotor  nerve.  These  fibres  are  small,  and 
may  be  regarded  as  afferent  branches  for  the  Sphincter  pupillae  and  Ciliaris  muscles. 
Other  fibres  pass  to  the  cerebellum  through  the  brachia  conjunctiva,  while  others 
end  in  the  nuclei  in  the  pons. 

The  optic  nerves  arise  from  the  forepart  of  the  chiasma,  and,  diverging  from 
one  another,  each  becomes  rounded  in  form  and  firm  in  texture,  and  is  enclosed  in 
a  sheath  derived  from  the  pia  mater  and  arachnoid.  The  nerve  passes  beneath 
the  anterior  cerebral  artery,  and  enters  the  optic  foramen,  receiving  as  it  does  so 


jmicvlate  body 

ef  oculomotor  ntnt 
of  IrocAUar  nerw 
of  abdvcent  neret 


Cortex  of  occipital  labet 
Fia.  774.— Scheme  HhoRing  ccntrHl  connecdaiui  of  the  opt^n  astvea  ud  optio  tneu. 

a  sheath  from  the  dura  mater.  When  the  nerve  reaches  the  orbit  this  sheath  divides 
into  two  layers,  one  of  which  becomes  continuous  with  the  periosteum  of  the  orbit; 
the  other  forms  the  proper  sheath  of  the  nerve,  and  surrounds  it  as  far  as  the  bulb 
of  the  eye.  The  nerve  runs  forward  and  lateralward  through  the  cavity  of  the  orbit, 
pierces  the  sclera  and  choroid  at  the  back  part  of  the  bulb  of  the  eye,  about  3  to  4 
mm.  to  the  nasal  side  of  its  centre,  and  expands  to  form  the  stratam  opticum  ot  the 
ntina.  A  little  behind  the  bulb  of  the  eye  the  arteria  centralis  retinae  perforates 
the  optic  nerve,  and  runs  along  its  interior  in  a  tubular  canal  of  fibrous  tissue. 
It  supplies  the  retina,  and  is  accompanied  by  corresponding  veins.  The  retina  is 
described  with  the  anatomy  of  the  eyeball. 
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Applied  Anatomy. — ^The  optic  nerve  is  peculiarly  liable  to  become  the  seat  of  neuritis  or  undergo 
atrophy  in  affection  of  the  central  nervous  system,  and  as  a  rule  the  pathological  relationship 
between  the  two  affections  is  exceedingly  difficult  to  trace.  There  are,  however,  certain  points 
in  connection  with  the  anatomy  of  this  nerve  which  tend  to  throw  light  upon  the  frequent  asso- 
ciation of  these  affections  with  intracranial  disease.  (1)  From  its  mode  of  development,  and  from 
its  structure,  the  optic  nerve  must  be  regarded  as  a  prolongation  of  the  brain  substance,  rather 
than  as  an  ordinary  cerebrospinal  nerve.  (2)  As  it  passes  from  the  brain  it  receives  sheaths 
from  the  three  cerebral  membranes,  a  perineural  sheath  from  the  pia  mater,  an  intermediate 
sheath  from  the  arachnoid,  and  an  outer  sheath  from  the  dura  mater,  which  is  also  connected 
with  the  periosteum  as  it  passes  through  the  optic  foramen.  These  sheaths  are  separated  from 
each  other  by  cavities  which  commimicate  with  the  subdural  and  subarachnoid  cavities  respec- 
tively. The  innermost  or  perineural  sheath  sends  a  process  around  the  arteria  centralis  retinae 
into  the  interior  of  the  nerve,  and  enters  intimately  into  its  structure.  Thus  inflammatory 
affections  of  the  meninges  or  of  the  brain  may  readily  extend  along  these  spaces,  or  along  the 
interstitial  connective  tissue  in  the  nerve. 

The  course  of  the  fibres  in  the  optic  chiasma  has  an  important  pathological  bearing,  and  has 
been  the  subject  of  much  controversy.  Microscopic  examination,  experiments,  and  pathology 
all  seem  to  point  to  the  fact  that  there  is  a  partial  decussation  of  the  fibres,  each  optic  tract  supply- 
ing the  corresponding  half  of  each  eye,  so  that  the  right  tract  supplies  the  right  half  of  each  eye, 
and  the  left  tract  the  left  half  of  each  eye.  At  the  same  time  Charcot  believes,  and  his  view  has 
met  with  general  acceptation,  that  the  fibres  which  do  not  decussate  at  the  optic  chiasma  undergo 
decussation  in  the  corpora  quadrigemina,  so  that  the  lesion  of  the  cerebral  centre  of  one  side 
causes  complete  blindness  of  the  opposite  eye,  because  both  sets  of  decussating  fibres  are  destroyed; 
whereas  if  one  tract,  say  the  right,  be  destroyed  by  disease,  there  will  be  blindness  of  the  right 
half  of  both  retinae. 

An  antero-posterior  section  through  the  chiasma  would  divide  the  decussating  fibres,  and 
would  therefore  produce  blindness  of  the  medial  half  of  each  eye;  while  a  section  at  the  margin 
of  the  side  of  the  optic  chiasma  would  produce  blindness  of  the  lateral  half  of  the  retina  of  the 
same  side.    An  early  symptom  of  tumor  growth  in  the  hypophysis  is  pressure  on  the  chiasma. 

The  optic  nerve  may  also  be  affected  in  injuries  or  diseases  involving  the  orbit;  in  fractures 
of  the  anterior  fossa  of  the  base  of  the  skull;  in  tumors  of  the  orbit  itself,  or  those  invading  this 
cavity  from  neighboring  parts. 

THE  OCULOMOTOR  NERVE  (N.  OCULOMOTORIUS ;  THIRD  NERVE) 

(Figs.  776,  777,  778). 

The  oculomotor  nerve  supplies  all  the  ocular  muscles,  except  the  Obliquus 

superior  and  Rectus  lateralis;  it  also  supplies  through  its  connections  with  the 

aliary  ganglion,  the  Sphincter  pupillae  and  the  Ciliaris  muscles. 

The  fibres  of  the  oculomotor  nerve  arise  from  a  nucleus  which  lies  in  the  gray 

ibstance  of  the  floor  of  the  cerebral  aqueduct  and  extends  in  front  of  the  aqueduct 

r  a  short  distance  into  the  floor  of  the  third  ventricle.     From  this  nucleus  the 

•res  pass  forward  through  the  tegmentum,  the  red  nucleus,  and  the  medial  part 

the  substantia  nigra,  forming  a  series  of  curves  with  a  lateral  convexity,  and 

erge  from  the  oculomotor  sulcus  on  the  medial  side  of  the  cerebral  peduncle. 

The  nucleus  of  the  oculomotor  nerve  does  not  consist  of  a  continuous  column 

7  cells,  but  is  broken  up  into  a  number  of  smaller  nuclei,  which  are  arranged  in 

j^o  groups,  anterior  and  posterior.   Those  of  the  posterior  group  are  six  in  number, 

ve  of  which  are  symmetrical  on  the  two  sides  of  the  middle  line,  while  the  sixth 

,  centrally  placed  and  is  common  to  the  nerves  of  both  sides.    The  anterior  group 

consists  of  two  nuclei,  an  antero-medial  and  an  antero-lateral  (Fig.  775). 

The  nucleus  of  the  third  nerve  is  said  to  give  fibres  to  the  facial  nerve,  which 
probably  supply  the  Orbicularis  oculi,  Corrugator,  and  Frontalis  muscles.^  It 
is  also  connected  with  the  nuclei  of  the  trochlear  and  abducent  nerves,  with  the 
cerebellum,  the  superior  colliculus,  and  the  cortex  of  the  occipital  lobe  of  the 
cerebrum. 

The  nucleus  of  the  oculomotor  nerve,  considered  from  a  physiological  standpoint, 
can  be  subdivided  into  several  smaller  groups  of  cells,  each  group  controlling  a 

^  See  footnote,  p.  852. 
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particular  muscle.  The  nerves  to  the  different  muscles  appear  to  take  their  origin 
from  behind  forward,  as  follows :  Obliquus  inferior.  Rectus  inferior.  Rectus  superior, 
Levator  palpebrae  superioris,  and  Rectus  medialis;  while  from  the  anterior  end  of 
the  nucleus  the  fibres  for  the  Ciliaris  and  the  Sphincter  pupillte  take  their  origin. 
On  emerging  from  the  brain,  the  nerve  is 
H  invested  with  a  sheath   of   pia  mater,   and 

enclosed  in  a  prolongation  from  the  arachnoid. 
It  passes  between  the  superior  cerebellar  and 
posterior  cerebral  arteries,  and  then  pierces 
the  dura  mater  in  front  of  and  lateral  to  the 
posterior  clinoid  process,  passing  between  the 
^  free  and  attached  borders  of  the  tentorium 
cerebelli.  It  runs  along  the  lateral  wall  of  the 
cavernous  sinus,  above  the  other  orbital 
nerves,  receiving  in  its  course  one  or  two 
filaments  from  the  cavernous  plexus  of  the 
sympathetic,  and  a  communicating  branch 
from  the  ophthalmic  division  of  the  trigemi- 
nal. It  then  divides  into  two  branches, 
which  enter  the  orbit  through  the  superior 
orbital  fissure,  between  the  two  heads  of  the 
Rectus  lateralis.  Here  the  nerve  is  placed 
below  the  trochlear  nerve  and  the  frontal  and 
lacrimal  branches  of  the  ophthalmic  nerve, 
while  the  nasociliary  nerve  is  placed  between 
H  its  two  rami. 

■^.  ^  I  i_j..._j„(^^p,  ^j^^  superior  ramus,  the  smaller,  passes 
"'i'°p^  medialward  over  the  optic  nerve,  and  sup- 
Jinu'^k"'  P"^^  *^*  Rectus  superior  and  Levator  palpe- 
5.  Anterfr  brac  supcrioris.  The  inferior  ramus,  the  larger, 
divides  into  three  branches.  One  passes  be- 
neath the  optic  nerve  to  the  Rectus  medialis; 
another,  to  the  Rectus  inferior;  the  third  and 
longest  runs  forward  between  the  Recti  inferior  and  lateralis  to  the  Obliquus 
inferior.    From  the  last  a  short  thick  branch  is  given  off  to  the  lower  part  of  the 


of   Mile. 


Third  venUicft.  ' «.  M.  MediiiHIne" 


ciliary  ganglion,  and  forms  its  short  root.  All  these  branches  enter  the  muscles  on 
their  ocular  surfaces,  with  the  exception  of  the  nerve  to  the  Obliquus  inferior, 
which  enters  the  muscle  at  its  posterior  border. 
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— ParalyBifl  of  the  oculomotor  nerve  may  be  the  result  of  many  cauaes, 
such  as  cerebral  disesae;  or  conditions  causing  pressure  on  the  csvemaus  sinus;  or  periostitis  of 
the  bones  entering  into  the  formation  of  the  superior  orbital  fissure.  It  results,  when  complete, 
in  (1)  ptosis,  or  drooping  of  the  upper  eyelid,  in  consequence  of  the  Iievator  palpebrae  superioris 
being  paralysed;  (2)  external  strabismus,  on  account  of  the  unopposed  action  of  the  Rectus 
lateralis  and  Obliquus  superior,  which  are  not  suppUed  by  the  oculomotor  nerve  and  are  there- 
fore not  paralyzed;  (3)  dilatation  of  the  pupil,  because  the  Sphincter  pupillae  is  paralysed;  (4) 
loss  of  power  of  accommodation  and  of  contraction  on  exposure  to  light,  as  the  Sphincter  pupillae 
and  the  Ciliaris  are  paralyzed;  (5)  slight  prominence  of  the  eyeball,  owing  to  most  of  its  muscles 
beingi relaxed;  and  (6)  the  patient  will  complain  of  the  resulting  diplopia,  or  double  vision,  the 
false  image  being  higher  than  the  true,  and  the  separation  of  the  two  images  increasing  with 
medial  movements.  Occasionally  paralysis  may  affect  only  a  part  of  the  nerve — that  ia  to  say, 
th»«  may  be,  for  example,  a  dilated  and  fixed  pupil,  with  ptosis,  but  no  other  signs.  Irritation 
of  the  nerve  causes  spasm  of  one  or  other  of  the  miucles  supplied  by  it;  thus,  there  may  be  internal 
strabismus  from  spasm  of  the  Rectus  medialis;  accommodation  for  near  objects  only,  from  spasm 
of  the  Ciliaris;  or  miosis  (contraction  of  the  pupil)  from  irritation  of  the  Sphincter  pupillae. 
The  oculomotor  nerve  is  particularly  liable  to  become  involved  in  a  syphilitic  periarteritis 
as  it  leaves  the  base  of  the  brain,  when  passing  between  the  posterior  cerebri  and  superior  cere- 
bellar arteries;  associated  with  locomotor  ataxia  various  partial  or  complete  paralyses  of  the 
nerve  are  often  seen. 

THE  TROCHLEAB  NERVE  (N.  TROCHLEABIS;  FOURTH  NEBTE)  (Fig.  777). 

The  trochleu  nerve,  the  smallest  of  the  cerebral  ner\'es,  supplies  the  Obliquus 
superior  oculi. 

It  arises  from  a  nucleus  situated  in  the 
floor  of  the  cerebral  aqueduct,  opposite 
the  upper  part  of  the  inferior  colliculus. 
From  its  origin  it  runs  downward  through 
the  tegmentum,  and  then  turns  backward  i^^r 
into  the  upper  part  of  the  anterior  medul-  """" 
lary  velum.  Here  it  decussates  with  its 
fellow  of  the  opposite  side  and  emerges 
from  the  surface  of  the  velum  at  the  side 
of  the  frenulum  veli,  immediately  behind 
the  inferior  colliculus. 

The  nerve  is  directed  across  the  brach- 
ium  conjunctiva  cerebelli,  and  then  winds 
forward  anmnd  the  cerebral  peduncle, 
immediately  above  the  pons,  pierces  the 
dura  mater  in  the  free  border  of  the  ten- 
torium cerebelli,  just  behind,  and  lateral 
to,  the  posterior  clinoid  process,  and 
passes  forward  in  the  lateral  wall  of  the 
cavernous  sinus,  between  the  oculomotor 
nerve  and  the  ophthalmic  division  of  the 
trigeminal.  It  crosses  the  oculomotor 
nerve,  and  enters  the  orbit  through  the 
superior  orbital  fissure.  It  now  becomes 
the  highest  of  all  the  ner\-es,  and  lies 
medial  to  the  frontal  nerve.  In  the  orbit 
it  passes  medialward,  above  the  origin  of 

the    Levator    palpebrae    superioris,    and  „  ^.i  auramaur 

finally  enters  the  orbital  surface  of  the       fw.  777— NervriT^e orbit.   Socn  from  Bbovo. 
Obliquus  superior. 

In  the  lateral  wall  of  the  cavernous  sinus  the  trochlear  nerve  forms  communica- 
tions with  the  ophthalmic  division  of  the  trigeminal  and  with  the  cavernous  plexus 


914  NEUROLOGY 

of  the  sympathetic.  In  the  superior  orbital  fissure  it  occasionally  gives  off  a 
branch  to  the  lacrimal  nerve.  It  gives  off  a  recurrent  branch  which  passes  back- 
ward between  the  layers  of  the  tentorium  cerebelli  and  divides  into  two  or  three 
filaments  which  may  be  traced  as  far  as  the  wall  of  the  transverse  sinus. 

Applied  Anatomy. — When  the  trochlear  nerve  is  paralyzed  there  is  loss  of  function  in  the 
Obliijuus  superior,  so  that  the  patient  is  unable  to  turn  his  eye  downward  and  outward.  Should 
the  patient  attempt  to  do  this,  the  eye  of  the  affected  side  is  rotated  inward,  producing  diplopia 
or  double  vision.  Single  vision  exists  in  the  whole  of  the  field  so  long  as  the  eyes  look  above  the 
horizontal  plane,  but  diplopia  occurs  on  looking  downward.  To  counteract  this  the  patient  holds 
his  head  forward,  and  also  inclines  it  to  the  sound  side. 

THE  TRIGEMINAL  NERVE  (N.  TRIGEMINUS;  FIFTH  OR  TRIFACIAL 

NERVE). 

The  trigeminal  nerve  is  the  largest  cerebral  nerve  and  is  the  great  sensory  nervT 
of  the  head  and  face,  and  the  motor  nerve  of  the  muscles  of  mastication. 

It  emerges  from  the  side  of  the  pons,  near  its  upper  border,  by  a  small  motor 
and  a  large  sensory  root — the  former  being  situated  in  front  of  and  medial  to  the 
latter. 

Motor  Root. — ^The  fibres  of  the  motor  root  arise  from  two  nuclei,  a  superior  and 
an  inferior.  The  superior  nucleus  consists  of  a  strand  of  cells  occupying  the  whole 
length  of  the  lateral  portion  of  the  gray  substance  of  the  cerebral  aqueduct.  The 
inferior  or  chief  nucleus  is  situated  in  the  upper  part  of  the  pons,  close  to  its  dorsal 
surface,  and  along  the  line  of  the  lateral  margin  of  the  rhomboid  fossa.  The  fibres 
from  the  superior  nucleus  constitute  the  mesencephalic  root:  they  descend  through 
the  mesencephalon,  and,  entering  the  pons,  join  with  the  fibres  from  the  lower 
nucleus,  and  the  motor  root,  thus  formed,  passes  forward  through  the  pons  to  its 
point  of  emergence. 

Sensory  Root. — ^The  fibres  of  the  sensory  root  arise  from  the  cells  of  the  semilunar 
ganglion  which  lies  in  a  cavity  of  the  dura  mater  near  the  apex  of  the  petrous  part 
of  the  temporal  bone.  They  pass  backward  below  the  superior  petrosal  sinus 
and  tentorium  cerebelli,  and,  entering  the  pons,  divide  into  upper  and  lower  roots. 
The  upper  root  ends  partly  in  a  nucleus  which  is  situated  in  the  pons  lateral  to  the 
lower  motor  nucleus,  and  partly  in  the  locus  caeruleus;  the  lower  root  descends 
through  the  pons  and  medulla  oblongata,  and  ends  in  the  upper  part  of  the  sub- 
stantia gelatinosa  of  Rolando.  This  lower  root  is  sometimes  named  the  spinal 
root  of  the  nerve.  Medullation  of  the  fibres  of  the  sensory  root  begins  about  the 
fifth  month  of  fetal  life,  but  the  whole  of  its  fibres  are  not  meduUated  until  the 
third  month  after  birth. 

The  semilunar  ganglion  {ganglion  semilvnare  [Gasseri] ;  Gasserian  ganglion)  occu- 
pies a  cavity  (cavum  Meckelii)  in  the  dura  mater  covering  the  trigeminal  impression 
near  the  apex  of  the  petrous  part  of  the  temporal  bone.  It  is  somewhat  crescentic  in 
shape,  with  its  convexity  directed  forward:  medially,  it  is  in  relation  with  the  inter- 
nal carotid  artery  and  the  posterior  part  of  the  cavernous  sinus.  The  motor  root 
runs  in  front  of  and  medial  to  the  sensory  root,  and  passes  beneath  the  ganglion; 
it  leaves  the  skull  through  the  foramen  ovale,  and,  immediately  below  this 
foramen,  joins  the  mandibular  nerve.  The  greater  superficial  petrosal  nerve  lies 
also  underneath  the  ganglion. 

The  ganglion  receives,  on  its  medial  side,  filaments  from  the  carotid  plexus 
of  the  sympathetic.  It  give  off  minute  branches  to  the  tentorium  cerebelli,  and  to 
the  dura  mater  in  the  middle  fossa  of  the  cranium.  From  its  convex  border,  which 
is  directed  forward  and  lateralward,  three  large  nerves  proceed,  viz.,  the  ophthahnic, 
maxillary,  and  mandibular.  The  ophthalmic  and  maxillary  consist  exclusively 
of  sensory  fibres;  the  mandibular  is  joined  outside  the  cranium  by  the  motor  root. 
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Associated  with  the  three  divisions  of  the  trigeminal  nerve  are  four  small  ganglia. 
The  cUiary  canglion  is  connected  with  the  ophthalmic  nerve;  the  sphenopalatine 
Canflion  with  the  maxillary  ner^e;  and  the  otic  and  snbmaxillary  ganglia  with  the 
mandibular  nerve.  All  four  receive  sensory  filaments  from  the  trigeminal,  and 
motor  and  sympathetic  filaments  from  various  sources ;  these  filaments  are  called 
the  roots  of  the  ganglia. 

The  ophthalmic  nerve  (n.  opktkalmmis)  (Figs.  777,  778),  or  first  division  of  the 
trigeminal,  is  a  sensory  ner\'e.  It  supplies  branches  to  the  cornea,  ciliary  body, 
and  iris;  to  the  lacrimal  gland  and  conjunctiva;  to  the  part  of  the  mucous  membrane 
of  the  nasal  cavity;  and  to  the  skin  of  the  eyelids,  eyebrow,  forehead,  and  nose. 
It  is  the  smallest  of  the  three  divisions  of  the  trigeminal,  and  arises  From  the  upper 
part  of  the  semilunar  ganglion  as  a  short,  flattened  band,  about  2.5  cm.  long, 
which  passes  forward  along  the  lateral  wall  of  the  cavernous  sinus,  below  the 
oculomotor  and  trochlear  nerves;  just  before  entering  the  orbit,  through  the  supe- 
rior orbital  fissure,  it  divides  into  three  branches,  lacrimal,  frontal,  and  naaociliary. 


Fid.  778,— NervH  ol  Clie  Dibit,  ud  the  ciliiuy  gsnalioD,     Side  viev. 

The  ophthalmic  nerve  is  joined  by  filaments  from  the  cavernous  plexus  of  the 
sympathetic,  and  communicates  with  the  oculomotor,  trochlear,  and  abducent 
nerves;  it  gives  ofT  a  recurrent  filament  which  passes  between  the  layers  of  the 
tentorium. 

The  Lacrimal  Nerve  {n.  lacHmalis)  is  the  smallest  of  the  three  branches  of  the 
ophthalmic.  It  sometimes  receives  a  filament  from  the  trochlear  nerve,  but  this 
is  possibly  derived  from  the  branch  which  goes  from  the  ophthalmic  to  the  troch- 
lear nerve.  It  passes  forward  in  a  separate  tube  of  dura  mater,  and  enters  the  orbit 
through  the  narrowest  part  of  the  superior  orbital  fissure.  In  the  orbit  it  runs 
along  the  upper  border  of  the  Rectus  lateralis,  with  the  lacrimal  artery,  and  com- 
municates with  the  zygomatic  branch  of  tiie  maxillary  nerve.  It  enters  the  lacrimal 
gland  and  gives  oft  several  filaments,  which  supply  the  gland  and  the  conjunctiva. 
Finally  it  pierces  the  orbital  septum,  and  ends  in  the  skin  of  the  upper  eyelid, 
joining  with  filaments  of  the  facial  nerve.  The  lacrimal  nerve  is  occasionally 
absent,  and  its  place  is  then  taken  by  the  zygomaticotemporal  branch  of  the  max- 
illary. Sometimes  the  latter  branch  is  absent,  and  a  continuation  of  the  lacrimal 
is  substituted  for  it. 
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The  Frontal  Nerve  (n.  frontalis)  is  the  largest  branch  of  the  ophthalmic,  and  may 
be  regarded,  both  from  its  size  and  direction,  as  the  continuation  of  the  nerve. 
It  enters  the  orbit  through  the  superior  orbital  fissure,  and  runs  forward  between 
the  Levator  palpebrae  superioris  and  the  periosteum.  Midway  between  the  apex 
and  base  of  the  orbit  it  divides  into  two  branches,  supratrochlear  and  supraorbital. 

The  supratrochlear  nerve  (n.  supratrochlearis),  the  smaller  of  the  two,  passes 
above  the  pulley  of  the  Obliquus  superior,  and  gives  off  a  descending  filament,  to 
join  the  infratrochlear  branch  of  the  nasociliary  nerve.  It  then  escapes  from  the 
orbit  between  the  pulley  of  the  Obliquus  superior  and  the  supraorbital  foramen, 
curves  up  on  to  the  forehead  close  to  the  bone,  ascends  beneath  the  Corrugator 
and  Frontalis,  and  dividing  into  branches  which  pierce  these  muscles,  it  supplies 
the  skin  of  the  lower  part  of  the  forehead  close  to  the  middle  line  and  sends 
filaments  to  the  conjunctiva  and  skin  of  the  upper  eyelid. 

The  supraorbital  nerve  (n,  suyraorbitalis)  passes  through  the  supraorbital  foramen, 
and  gives  off,  in  this  situation,  palpebral  filaments  to  the  upper  eyelid.  It  then 
ascends  upon  the  forehead,  and  ends  in  two  branches,  a  medial  and  a  lateral, 
which  supply  the  integument  of  the  scalp,  reaching  nearly  as  far  back  as  the  lamb- 
doidal  suture;  they  are  at  first  situated  beneath  the  Frontalis,  the  medial  branch 
perforating  the  muscle,  the  lateral  branch  the  galea  aponeurotica.  Both  branches 
supply  small  twigs  to  the  pericranium. 

The  Nasociliary  Nerve  (n.  nasodliaris;  nasal  nerve)  is  intermediate  in  size  between 
the  frontal  and  lacrimal,  and  is  more  deeply  placed.  It  enters  the  orbit  between 
the  two  heads  of  the  Rectus  lateralis,  and  between  the  superior  and  inferior  rami 
of  the  oculomotor  nerve.  It  passes  across  the  optic  nerve  and  runs  obliquely 
beneath  the  Rectus  superior  and  Obliquus  superior,  to  the  medial  wall  of  the  orbital 
cavity.  Here  it  passes  through  the  anterior  ethmoidal  foramen,  and,  entering 
the  cavity  of  the  cranium,  traverses  a  shallow  groove  on  the  lateral  margin  of  the 
front  part  of  the  cribriform  plate  of  the  ethmoid  bone,  and  runs  down,  through 
a  slit  at  the  side  of  the  crista  galli,  into  the  nasal  cavity.  It  supplies  internal 
nasal  branches  to  the  mucous  membrane  of  the  front  part  of  the  septum  and  lateral 
wall  of  the  nasal  cavity.  Finally,  it  emerges,  as  the  external  nasal  branch,  between 
the  lower  border  of  the  nasal  bone  and  the  lateral  nasal  cartilage,  and,  passing 
down  beneath  the  Nasalis  muscle,  supplies  the  skin  of  the  ala  and  apex  of  the  nose. 

The  nasociliary  nerve  gives  off  the  following  branches,  viz. :  the  long  root  of  the 
ciliary  ganglion,  the  long  ciliary,  and  the  ethmoidal  nerves. 

The  long  root  of  the  ciliary  ganglion  {radix  longa  ganglii  ciliaris)  usually  arises 
from  the  nasociliary  between  the  two  heads  of  the  Rectus  lateralis.  It  passes 
forward  on  the  lateral  side  of  the  optic  nerve,  and  enters  the  postero-superior  angle 
of  the  ciliary  ganglion;  it  is  sometimes  joined  by  a  filament  from  the  cavernous 
plexus  of  the  sympathetic,  or  from  the  superior  ramus  of  the  trochlear  nerve.  • 

The  long  ciliary  nerves  (nn.  ciliares  longi),  two  or  three  in  number,  are  given  oflF 
from  the  nasociliary,  as  it  crosses  the  optic  nerve.  They  accompany  the  short 
ciliary  nerves  from  the  ciliary  ganglion,  pierce  the  posterior  part  of  the  sclera, 
and  running  forward  between  it  and  the  choroid,  are  distributed  to  the  Ciliaris 
muscle,  iris,  and  cornea. 

The  infratrochlear  nerve  (n.  infratrochlearis)  is  given  off  from  the  nasociliary 
just  before  it  enters  the  anterior  ethmoidal  foramen.  It  runs  forward  along  the 
upper  border  of  the  Rectus  medialis,  and  is  joined,  near  the  pulley  of  the  Obliquus 
superior,  by  a  filament  from  the  supratrochlear  nerve.  It  then  passes  to  the 
medial  angle  of  the  eye,  and  supplies  the  skin  of  the  eyelids  and  side  of  the  nose, 
the  conjunctiva,  lacrimal  sac,  and  caruncula  lacrimalis. 

The  ethmoidal  branches  (rin.  ethmoidales)  supply  the  ethmoidal  cells;  the  posterior 
branch  leaves  the  orbital  cavity  through  the  posterior  ethmoidal  foramen  and  gives 
some  filaments  to  the  sphenoidal  sinus. 
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The  Ciliary  Gftnglion  {ganglion  ciliare;  ophthalmic  or  lenticular  ganglion)  (Figs. 
776,  778). — ^The  ciliary  ganglion  is  a  small,  quadrangular,  iSattened  ganglion,  of  a 
reddish-gray  color,  and  about  the  size  of  a  pin's  head;  it  is  situated  at  the  back 
part  of  the  orbit,  in  some  loose  fat  between  the  optic  nerve  and  the  Rectus  lateralis 
muscle,  lying  generally  on  the  lateral  side  of  the  ophthalmic  artery. 

Its  roots  are  three  in  number,  and  enter  its  posterior  border.  One,  the  long 
or  sensory  root,  is  derived  from  the  nasociliary  nerve,  and  joins  its  postero-superior 
angle.  The  second,  the  short  or  motor  root,  is  a  thick  nerve  (occasionally  divided 
into  two  parts)  derived  from  the  branch  of  the  oculomotor  nerve  to  the  Obliquus 
inferior,  and  connected  with  the  postero-inferior  angle  of  the  ganglion.  The  third, 
the  sjonpathetic  root,  is  a  slender  filament  from  the  cavernous  plexus  of  the  sym- 
pathetic; it  is  frequently  blended  with  the  long  root.  According  to  Tiedemann, 
the  ciliary  ganglion  receives  a  twig  of  communication  from  the  sphenopalatine 
ganglion. 

Its  branches  are  the  short  ciliary  nerves.  These  are  delicate  filaments,  from  six 
to  ten  in  number,  which  arise  from  the  forepart  of  the  ganglion  in  two  bundles 
connected  with  its  superior  and  inferior  angles;  the  lower  bundle  is  the  larger. 
They  run  forward  with  the  ciliary  arteries  in  a  wavy  course,  one  set  above  and  the 
other  below  the  optic  nerve,  and  are  accompanied  by  the  long  ciliary  nerves  from 
the  nasociliary.  They  pierce  the  sclera  at  the  back  part  of  the  bulb  of  the  eye,  pass 
forward  in  delicate  grooves  on  the  inner  surface  of  the  sclera,  and  are  distributed 
to  the  Ciliaris  muscle,  iris,  and  cornea.  Tiedemann  has  described  a  small  branch 
as  penetrating  the  optic  nerve  with  the  arteria  centralis  retinae. 

The  maxillary  nerve  (n.  maxillaris;  superior  maxillary  nerve)  (Fig.  779),  or 
second  division  of  the  trigeminal,  is  a  sensory  nerve.  It  is  intermediate,  both  in 
position  and  size,  between  the  ophthalmic  and  mandibular.  It  begins  at  the  middle 
of  the  semilunar  ganglion  as  a  flattened  plexiform  band,  and,  passing  horizontally 
forward,  it  leaves  the  skull  through  the  foramen  rotundum,  where  it  becomes  more 
cylindrical  in  form,  and  firmer  in  texture.  It  then  crosses  the  pterygopalatine 
fossa,  inclines  lateralward  on  the  back  of  the  maxilla,  and  enters  the  orbit  through 
'the  inferior  orbital  fissure;  it  traverses  the  infraorbital  groove  and  canal  in  the 
floor  of  the  orbit,  and  appears  upon  the  face  at  the  infraorbital  foramen.*  At 
its  termination,  the  nerve  lies  beneath  the  Quadratus  labii  superioris,  and  divides 
into  a  leash  of  branches  which  spread  out  upon  the  side  of  the  nose,  the  lower 
eyelid,  and  the  upper  lip,  joining  with  filaments  of  the  facial  nerve. 

Branches. — Its  branches  may  be  divided  into  four  groups,  according  as  they  are 
given  off  in  the  cranium,  in  the  pterygopalatine  fossa,  in  the  infraorbital  canal,  or 
on  the  face. 

.    In  the  Cranium     ....        Middle  meningeal. 

Zygomatic. 

In  the  Pterygopalatine  Fossa  I  Sphenopalatine. 

^  Posterior  superior  alveolar. 

T    xi_    T  J?       i_'x  1  i-«       1  ( Anterior  superior  alveolar. 

In  the  Infraorbital  Canal     .       .     j  Middle  superior  alveolar. 

f  Inferior  palpebral. 

On  the  Face <  External  nasal. 

[  Superior  labial. 

The  Middle  Meningeal  Nerve  (/i.  ineningeus  medius;  meningeal  or  dural  branch)  is 
given  off  from  the  maxillary  nerve  directly  after  its  origin  from  the  semilunar 
ganglion;  it  accompanies  the  middle  meningeal  artery  and  supplies  the  dura  mater. 

The  Zygomatic  Nerve  (n.  zygomaticus;  temporomalar  nerve;  orbital  nerve)  arises 
in   the  pterygopalatine  fossa,  enters  the  orbit  by  the  inferior  orbital  fissure, 

^  After  it  enters  the  infraorbital  canal,  the  nerve  is  frequently  called  the  inStaorhiUd^ 
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and  divides  at  the  back  of  that  cavity  into  two  branches,  lygomatieotemponl  and 
Z7{oin»ticotacial. 

The  sjsomaticotemporal  branch  (ravivs  zygomaticoiemporalis;  temporal  bratfeh) 
runs  along  the  lateral  wall  of  the  orbit  in  a  groove  in  the  zygomatic  bone,  receives 
a  branch  of  communication  from  the  lacrimal,  and,  passing  through  a  foramen 
in  the  zygomatic  bone,  enters  the  temporal  fossa.  It  ascends  between  the  bone, 
and  substance  of  the  Temporalis  muscle,  pierces  the  temporal  fascia  about  2.5  em. 
above  the  zygomatic  arch,  and  is  distributed  to  the  skin  of  the  side  of  the  fore- 
head, and  communicates  with  the  facial  nerve  and  with  the  auriculotemporal 
branch  of  the  mandibular  nerve.  As  it  pierces  the  temporal  fascia,  it  gives  off  a 
slender  twig,  which  runs  between  the  two  layers  of  the  fascia  to  the  lateral  angle 
of  the  orbit. 


Fia.  77a.— DiHribuUoD  of  the  muillary  and  luandiliular  nervu.  md  the  lubnuiinuy  auglion. 

The  i72omaticoIacial  branch  (ramus  zijgoviaticofacialis;  malar  branch)  passes 
along  the  infero-lateral  angle  of  the  orbit,  emerges  upon  the  face  through  a  foramen 
in  the  zygomatic  bone,  and,  perforating  the  Orbicularis  oculi,  supplies  the  skin  on 
the  prominence  of  the  cheek.  It  join.s  with  the  facial  nerve  and  with  the  inferior 
palpebral  branches  of  the  maxillary. 

The  Sphenopalatine  Branches  {vn.  sphenopalaiini),  two  in  number,  descend  to  the 
sphenopalatine  ganglion. 

The  Posterior  Superior  Alveolar  Branches  {rami  aheolares  auperiores  poslerwres; 
posterior  superior  dental  branches)  arise  from  the  trunk  of  the  nerve  just  before 
it  enters  the  infraorbital  groove;  they  are  generally  two  in  number,  but  sometimes 
arise  by  a  single  trunk.    Thej-  descend  on  the  tuberosity  of  the  maxilla  and  gi^■e  off 
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several  twigs  to  the  gums  and  neighboring  parts  of  the  mucous  membrane  of  the 
cheek.  They  then  enter  the  posterior  alveolar  canals  on  the  infratemporal  surface 
of  the  maxilla^  and,  passing  from  behind  forward  in  the  substance  of  the  bone, 
communicate  with  the  middle  superior  alveolar  nerve,  and  give  off  branches  to  the 
lining  membrane  of  the  maxillary  sinus  and  three  twigs  to  each  molar  tooth;  these 
twigs  enter  the  foramina  at  the  apices  of  the  roots  of  the  teeth. 

The  Middle  Superior  Alveolar  Branch  {ramus  alveolaris  superior  medium;  middle 
superior  dental  branch),  is  given  off  from  the  nerve  in  the  posterior  part  of  the  infra- 
orbital canal,  and  runs  downward  and  forward  in  a  canal  in  the  lateral  wall  of  the 
maxillary  sinus  to  supply  the  two  premolar  teeth.  It  forms  a  superior  dental  plexus 
with  the  anterior  and  posterior  superior  alveolar  branches. 

The  Anterior  Superior  Alveolar  Branch  (ramu^  alveolaris  superior  anteriores;  ante- 
rior  superior  denial  branch),  of  considerable  size,  is  given  off  from  the  nerve  just 
before  its  exit  from  the  infraorbital  foramen;  it  descends  in  a  canal  in  the  anterior 
wall  of  the  maxillary  sinus^  and  divides  into  branches  which  supply  the  incisor 
and  canine  teeth.  It  communicates  with  the  middle  superior  alveolar  branch, 
and  gives  off  a  nasal  branch,  which  passes  through  a  minute  canal  in  the  lateral  wall 
of  the  inferior  meatus,  and  supplies  the  mucous  membrane  of  the  anterior  part  of 
the  inferior  meatus  and  the  floor  of  the  nasal  cavity,  communicating  with  the  nasal' 
branches  from  the  sphenopalatine  ganglion. 

The  Inferior  Palpebral  Branches  {rami  palpebrales;  inferiores  palpebral  branches) 
ascend  behind  the  Orbicularis  oculi.  They  supply  the  skin  and  conjunctiva  of  the 
lower  eyelid,  joining  at  the  lateral  angle  of  the  orbit  with  the  facial  and  zygomatico- 
facial nerves. 

The  External  Nasal  Branches  (rami  nasales  externi)  supply  the  skin  of  the  side 
of  the  nose  and  of  the  septum  mobile  nasi,  and  join  with  the  terminal  twigs  of  the 
nasociliary  nerve. 

The  Superior  Labial  Branches  {rami  labiates  superiores;  labial  &ranc^e^),  the  largest 
and  most  numerous,  descend  behind  the  Quadratus  labii  superioris,  and  are  dis- 
tributed to  the  skin  of  the  upper  lip,  the  mucous  membrane  of  the  mouth,  and  labial 
glands.  They  are  joined,  immediately  beneath  the  orbit,  by  filaments  from  the 
facial  nerve,  forming  with  them  the  infraorbital  plexus. 

Sphenopalatine  Ganglion  {ganglion  sphenopalatinum;  ganglion  of  Meckel)  (Fig. 
780). — ^The  sphenopalatine  ganglion,  the  largest  of  the  ganglia  associated  with 
the  branches  of  the  trigeminal  nerve,  is  deeply  placed  in  the  pterygopalatine  fossa, 
close  to  the  sphenopalatine  foramen.  It  is  triangular  or  heart-shaped,  of  a  reddish- 
gray  color,  and  is  situated  just  below  the  maxillary  nerve  as  it  crosses  the  fossa. 
It  receives  a  sensory,  a  motor,  and  a  sympathetic  root. 

Its  sensory  root  is  derived  from  two  sphenopalatine  branches  of  the  maxillary 
nerve;  their  fibres,  for  the  most  part,  pass  directly  into  the  palatine  nerves;  a  few, 
however,  enter  the  ganglion^  constituting  its  sensory  root.  Its  motor  root  is  probably 
derived  from  the  facial  nerve  through  the  greater  superficial  petrosal  nerve  and 
its  sympathetic  root  from  the  carotid  plexus  through  the  deep  petrosal  nerve. 
These  two  nerves  join  to  form  the  nerve  of  the  pterygoid  canal,  before  their 
entrance  into  the  ganglion. 

The  greater  superficial  petrosal  nerve  (n.  petrosu^  superficialis  major;  large  super- 
ficial petrosal  nerve)  is  given  off  from  the  genicular  ganglion  of  the  facial  nerve;  it 
passes  through  the  hiatus  of  the  facial  canal,  enters  the  cranial  cavity,  and  runs 
forward  beneath  the  dura  mater  in  a  groove  on  the  anterior  surface  of  the  petrous 
portion  of  the  temporal  bone.  It  then  enters  the  cartilaginous  substance  which 
fills  the  foramen  lacerum,  and  joining  with  the  deep  petrosal  branch  forms  the 
nerve  of  the  pterygoid  canal. 

The  deep  petrosal  nerve  (n.  pelrosus  profundus;  large  deep  petrosal  nerve)  is  given 
off  from  the  carotid  plexus,  and  runs  through  the  carotid  canal  lateral  to  the  internal 
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carotid  artery.  It  then  enters  the  cartilaginous  substance  which  fills  the  foramen 
lacerum,  and  joins  with  the  greater  superficial  petrosal  nerve  to  form  the  nene 
of  the  pterygoid  canal. 

The  nerre  of  the  pterjfoid  canal  {n.  canalia  pterygoidei  [Vidii\\  Vidian  nem), 
formed  by  the  junction  of  the  two  preceding  nerves  in  the  cartilaginous  substance 
which  fills  the  foramen  lacerum,  passes  forward,  through  the  pterygoid  canal,  with 
the  corresponding  artery,  and  is  joined  by  a  small  ascending  sphenoidal  branch 
from  the  otic  ganglion.  Finally,  it  enters  the  pterygopalatine  fossa,  and  joins 
the  posterior  angle  of  the  pterygopalatine  ganglion. 


Fia.  7S0.— The  ■phsnapslaciaa  iiDgliaD  HDd  iU  braalibci. 

Branches  of  Distribution. — These  are  divisible  into  four  groups,  viz.,  orbital, 
palatine,  posterior,  superior  nasal,  and  pharyngeal. 

The  orbital  branches  (rami  orbitales;  ascending  branches)  are  two  or  three  delicate 
filaments,  which  enter  the  orbit  by  the  inferior  orbital  fissure,  and  supply  the  peri- 
osteum. According  to  Luschka,  some  filaments  pass  through  foramina  in  the  fronto- 
ethmoidal  suture  to  supply  the  mucous  membrane  of  the  posterior  ethmoidal  and 
sphenoidal  sinuses. 

The  palatine  nerves  (nn.  palatini;  descending  branches)  are  distributed  to  the  roof 
of  the  mouth,  soft  palate,  tonsil,  and  lining  membrane  of  the  nasal  cavity.  Most 
of  their  fibres  are  derived  from  the  sphenopalatine  branches  of  the  maxillary  nerve. 
They  are  three  ill  number:  anterior,  middle,  and  posterior. 

The  anterior  palatine  nerve  (n.  pahlimts  anierior)  descends  through  the  pterygo- 
palatine canal,  emerges  upon  the  hard  palate  through  the  greater  palatine  foramen, 
and  pasjies  forward  in  a  groove  in  the  hard  palate,  nearly  as  far  as  the  incisor  teeth. 
It  supplies  the  gums,  the  mucous  membrane  and  glands  of  the  hard  palate,  and 
communicates  in  front  with  th*e  terminal  filaments  of  the  nasopalatine  nene. 
While  in  the  pterygopalatine  canal,  it  gives  off  posterior  inferior  nasal  branches, 
which  enter  the  nasal  cavity  through  openings  in  the  palatine  bone,  and  ramify 
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over  the  inferior  nasal  concha  and  middle  and  inferior  meatuses;  at  its  exit  from 
the  canal^  a  palatine  branch  is  distributed  to  both  surfaces  of  the  soft  palate. 

The  middle  palatine  nerve  (n.  palaiinns  medius)  emerges  through  one  of  the  minor 
palatine  canals  and  distributes  branches  to  the  uvula,  tonsil,  and  soft  palate.  It  is 
occasionally  wanting. 

The  posterior  palatine  nerve  (n.  palatinus  posterior)  descends  through  the  pterygo- 
palatine canal,  and  emerges  by  a  separate  opening  behind  the  greater  palatine 
foramen;  it  supplies  the  soft  palate,  tonsil,  and  uvula.  The  middle  and  posterior 
palatine  join  with  the  tonsillar  branches  of  the  glossopharyngeal  to  form  a  plexus 
(circulus  tonsillaris)  around  the  tonsil. 

The  posterior  superior  nasal  branches  {rami  nasales  posieriores  superiores)  are  dis- 
tributed to  the  septum  and  lateral  wall  of  the  nasal  fossa.  They  enter  the  posterior 
part  of  the  nasal  cavity  by  the  sphenopalatine  foramen  and  supply  the  mucous 
membrane  covering  the  superior  and  middle  nasal  concha,  the  lining  of  the  poste- 
rior ethmoidal  cells,  and  the  posterior  part  of  the  septum.  One  branch,  longer 
and  larger  than  the  others,  is  named  the  nasopalatine  nerve.  It  enters  the  nasal 
cavity  through  the  sphenopalatine  foramen,  passes  across  the  roof  of  the  nasal 
cavity  below  the  orifice  of  the  sphenoidal  sinus  to  reach  the  septum,  and  then  runs 
obliquely  downward  and  forward  between  the  periosteum  and  mucous  membrane 
of  the  lower  part  of  the  septum.  It  descends  to  the  roof  of  the  mouth  through  the 
incisive  canal  and  communicates  with  the  corresponding  nerve  of  the  opposite 
side  and  with  the  anterior  palatine  nerve.  It  furnishes  a  few  filaments  to  the 
mucous  membrane  of  the  nasal  septum. 

The  pharyngeal  nerve  {pterygopalatine  nerve)  is  a  small  branch  arising  from  the 
posterior  part  of  the  ganglion.  It  passes  through  the  pharyngeal  canal  with  the 
pharyngeal  branch  of  the  internal  maxillary  artery,  and  is  distributed  to  the  mucous 
membrane  of  the  nasal  part  of  the  pharynx,  behind  the  auditory  tube. 

The  mandibular  nerve  (n.  mandibularis;  inferior  maxillary  nerve)  (Figs.  779, 
781)  supplies  the  teeth  and  gums  of  the  mandible,  the  skin  of  the  temporal  region, 
the  auricula,  the  lower  lip,  the  lower  part  of  the  face,  and  the  muscles  of  mastica- 
tion; it  also  supplies  the  mucous  membrane  of  the  anterior  two-thirds  of  the  tongue. 
It  is  the  largest  of  the  three  divisions  of  the  fifth,  and  is  made  up  of  two  roots:  a 
large,  sensory  root  proceeding  from  the  inferior  angle  of  the  semilunar  ganglion, 
and  a  small  motor  root  (the  motor  part  of  the  trigeminal),  which  passes  beneath  the 
gan^ion,  and  unites  with  the  sensory  root,  just  after  its  exit  through  the  foramen 
ovale.  Inmiediately  beneath  the  base  of  the  skull,  the  nerve  gives  off  from  its 
medial  side  a  recurrent  branch  (nervus  spinosus)  and  the  nerve  to  the  Pterygoideus 
intemus,  and  then  divides  into  two  trunks,  an  anterior  and  a  posterior. 

The  Nervus  Spinous  {recurrent  or  meningeal  branch)  enters  the  skull  through  the 
foramen  spinosum  with  the  middle  meningeal  artery.  It  divides  into  two  branches, 
anterior  and  posterior,  which  accompany  the  main  divisions  of  the  artery  and 
supply  the  dura  mater;  the  posterior  branch  also  supplies  the  mucous  lining  of 
the  mastoid  cells;  the  anterior  communicates  with  the  meningeal  branch  of  the 
maxillary  nerve. 

The  Internal  Pterygoid  Nerve  (n.  pterygoideus  internus). — ^The  nerve  to  the  Ptery- 
goideus internus  is  a  slender  branch,  which  enters  the  deep  surface  of  the  muscle; 
it  gives  off  one  or  two  filaments  to  the  otic  ganglion. 

The  anterior  and  smaller  division  of  the  mandibular  nerve  receives  nearly  the 
whole  of  the  fibres  of  the  motor  root  of  the  nerve,  and  supplies  the  muscles  of 
mastication  and  the  skin  and  mucous  membrane  of  the  cheek.  Its  branches  are 
the  masseteric,  deep  temporal,  buccinator,  and  external  pterygoid. 

The  Masseteric  Nerve  (n.  Tuassetericus)  passes  lateralward,  above  the  Pterygoideus 
extemus,  in  front  of  the  temporomandibular  articulation,  and  behind  the  tendon 
of  the  Temporalis;  it  crosses  the  mandibular  notch  with  the  masseteric  artery, 
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to  the  deep  surface  of  the  Masseter,  in  which  it  ramifies  nearly  as  far  as  its  anterior 
border.    It  gives  a  filament  to  the  temporomandibular  joint. 

The  Deep  Temporal  Herres  («n.  temporales  profundi)  are  two  in  number,  anterior 
and  posterior.  They  pass  above  the  upper  border  of  the  Pterygoideus  extemus 
and  enter  the  deep  surface  uf  the  Temporalis.  The  posterior  branch,  of  small  size, 
is  placed  at  the  back  of  the  temporal  fossa,  and  sometimes  arises  in  common  with 
the  masseteric  nerve.  The  anterior  branch  is  frequently  given  off  from  the  buccina- 
tor nerve,  and  then  turns  upward  over  the  upper  head  of  the  Pterygoideus  extemus. 
Frequently  a  third  or  intermediate  branch  is  present. 

A«Tiriilolemporal  Deep  Itmporal 


Fia.  7SI.— The  Pterygoideus  eilemus  uid  the  branchea  ot  tbe  muidibulu  nerve  in  relation  to  it. 

The  Buccinator  Nerve  (n.  buccinatorua;  long  buccal  nerve)  passes  forward  between 
the  two  beads  of  the  Pterygoideus  extemus,  and  downward  beneath  or  through 
the  lower  part  of  the  Temporalis;  it  emerges  from  under  the  anterior  border  of  the 
Masseter,  ramifies  on  the  surface  of  the  Buccinator,  and  unites  with  the  buccal 
branches  of  the  facial  nerve.  It  supplies  a  branch  to  the  Pterygoideus  extemus 
during  its  passage  through  that  muscle,  and  may  give  olf  the  anterior  deep  temporal 
nerve.  The  buccinator  ner\'e  supplies  the  skin  over  the  Buccinator,  and  the  mucous 
membrane  lining  its  inner  surface. 

External  Pterygoid  Nerve  (n.  pterygoideus  extemus). — The  nerve  to  the  Pterj- 
goideus  extemus  frequently  arises  in  conjunction  with  the  buccinator  nene, 
but  it  may  be  given  oS  separately  from  the  anterior  division  of  the  mandibular 
nerve.    It  enters  the  deep  surface  of  the  muscle. 

The  posterior  and  larger  division  of  the  mandibular  nerve  is  for  the  most  part 
sensory,  but  receives  a  few  filaments  from  the  motor  root.  It  divides  into  aoricolo- 
tempwal,  lineal,  and  inferior  alveolar  nerves. 
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The  Auriculotemporal  Nerve  (n.  auricuhtemporalis)  generally  arises  by  two  roots, 
between  which  the  middle  meningeal  artery  ascends.  It  runs  backward  beneath 
the  Pterygoideus  externus  to  the  medial  side  of  the  neck  of  the  mandible.  It  then 
turns  upward  with  the  superficial  temporal  artery,  between  the  auricula  and  con- 
dyle of  the  mandible,  under  cover  of  the  parotid  gland;  escaping  from  beneath 
the  gland,  it  ascends  over  the  zygomatic  arch,  and  divides  into  superficial  temporal 
branches. 

The  branches  of  commmiication  of  the  auriculotemporal  nerve  are  with  the  facial 
nerve  and  with  the  otic  ganglion.  The  branches  to  the  facial,  usually  two  in  number, 
pass  forward  from  behind  the  neck  of  the  mandible  and  join  the  facial  nerve  at 
the  posterior  border  of  the  Masseter.  The  filaments  to  the  otic  ganglion  are  derived 
from  the  roots  of  the  auriculotemporal  nerve  close  to  their  origin. 

Its  branches  of  distribution  are: 

Anterior  auricular.  Articular. 

Branches  to  the  external  acoustic  meatus.  Parotid. 

Superficial  temporal. 

The  anterior  auricular  branches  (nn.  auriculares  anteriores)  are  usually  two  in 
number;  they  supply  the  front  of  the  upper  part  of  the  auricula,  being  distributed 
principally  to  the  skin  covering  the  front  of  the  helix  and  tragus. 

The  branches  to  the  external  acoustic  meatus  (n.  meatus  auditorii  eoctemi),  two  in 
number,  enter  the  meatus  between  its  bony  and  cartilaginous  portions  and  supply 
the  skin  lining  it;  the  upper  one  sends  a  filament  to  the  tympanic  membrane. 

The  articular  branches  consist  of  one  or  two  twigs  which  enter  the  posterior  part 
of  the  temporomandibular  joint. 

The  parotid  branches  (rami  parotidei)  supply  the  parotid  gland. 

The  superficial  temporal  branches  (rami  temporales  superficiaks)  accompany  the 
superficial  temporal  artery  to  the  vertex  of  the  skull;  they  supply  the  skin  of  the 
temporal  region  and  communicate  with  the  facial  and  zygomaticotemporal  nerves. 

The  Lingual  Nerve  (n.  lingiuilis)  supplies  the  mucous  membrane  of  the  anterior 
two-thirds  of  the  tongue.  It  lies  at  first  beneath  the  Pterygoideus  externus,  medial 
to  and  in  front  of  the  inferior  alveolar  nerve,  and  is  occasionally  joined  to  this 
nerve  by  a  branch  which  may  cross  the  internal  maxillary  artery.  The  chorda 
tympani  also  joins  it  at  an  acute  angle  in  this  situation.  The  nerve  then  passes 
between  the  Pterj^goideus  internus  and  the  ramus  of  the  mandible,  and  crosses 
obliquely  to  the  side  of  the  tongue  over  the  Constrictor  pharyngis  superior  and 
Styloglossus,  and  then  between  the  Hyoglossus  and  deep  part  of  the  submaxillary 
gland;  it  finally  runs  across  the  duct  of  the  submaxillary  gland,  and  along  the  tongue 
to  its  tip,  lying  immediately  beneath  the  mucous  membrane. 

Its  branches  of  communication  are  with  the  facial  (through  the  chorda  tympani), 
the  inferior  alveolar  and  hypoglossal  nerves,  and  the  submaxillary  ganglion.  The 
branches  to  the  submaxillary  ganglion  are  two  or  three  in  number;  those  connected 
with  the  hypoglossal  nerve  form  a  plexus  at  the  anterior  margin  of  the  Hyoglossus. 

Its  branches  of  distribution  supply  the  sublingual  gland,  the  mucous  membrane 
of  the  mouth,  the  gums,  and  the  mucous  membrane  of  the  anterior  two-thirds  of 
the  tongue;  the  terminal  filaments  communicate,  at  the  tip  of  the  tongue,  with 
the  hypoglossal  nerve. 

The  Inferior  Alveolar  Nerve  (n.  alveolaris  inferior;  inferior  dental  nerve)  is  the  largest 
branch  of  the  mandibular  nerve.  It  descends  with  the  inferior  alveolar  artery,  at 
first  beneath  the  Pterygoideus  externus,  and  then  between  the  sphenomandibular 
ligament  and  the  ramus  of  the  mandible  to  the  mandibular  foramen. "  It  then 
passes  forward  in  the  mandibular  canal,  beneath  the  teeth,  as  far  as  the  mental 
foramen,  where  it  divides  into  two  terminal  branches,  incisive  and  mental. 
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The  branches  of  tlie  inferior  alveolar  nerve  are  the  mylohyoid,  dental,  indsin, 
and  mental. 

The  mylohyoid  nerre  {n.  mylohyoidmia)  is  derived  from  the  inferior  alveolar  just 
before  it  enters  the  mandibular  foramen.  It  descends  in  a  groove  on  the  deep 
surface  of  the  ramus  of  the  mandible,  and  reaching  the  under  surface  of  the 
Mylohyoideus  supplies  this  muscle  and  the  anterior  belly  of  the  Digastricus. 

The  dental  branches  supply  the  molar  and  premolar  teeth.  They  correspond 
in  number  to  the  roots  of  those  teeth;  each  nerve  entering  the  orifice  at  the  point 
of  the  root,  and  supplying  the  pulp  of  the  tooth ;  above  the  alveolar  nerve  they  form 
an  inferior  dental  plezns. 

The  incisive  branch  is  continued  .onward  v\'ithin  the  bone,  and  supplies  the  canine 
and  incisor  teeth. 

The  mental  nerve  {n.  mentalis)  emerges  at  the  mental  foramen,  and  divides 
beneath  the  Triangularis  muscle  into  three  branches;  one  descends  to  the  skin  of 
the  chin,  and  two  ascend  to  the  skin  and  mucous  membrane  of  the  lower  lip;  these 
branches  communicate  freely  with  the  facial  nerve. 

Tvo  small  ganglia,  the  otic  and  the  submaxiUary,  are  connected  with  the  man- 
dibular nerve. 

I 


Otic  OanglioB  {ganglion  oticum)  (Fig.  782), — The  otic  ganglion  is  a  small,  oval- 
shaped,  flattened  ganglion  of  a  reddish-gray  color,  situated  immediately  below 
the  foramen  ovale;  it  lies  on  the  medial  surface  of  the  mandibular  ner\'e,  and 
surrounds  the  origin  of  the  nerve  to  the  Pterygoideus  internus.  It  is  in  relation, 
laierally,  with  the  trunk  of  the  mandibular  nerve  at  the  point  where  the  motor  and 
sensory  roots  join;  medially,  with  the  cartilaginous  part  of  the  auditory  tube, 
and  the  origin  of  the  Tensor  veli  palatini;  ■poatenorly,  with  the  middle  meningeal 
artery. 

Branches  of  Communication. — It  is  connected  by  two  or  three  short  filaments 
with  the  nerve  to  the  Pterjgoideus  internus,  from  which  it  may  obtain  a  motor, 
and  possibly  a  sensory  root.  It  communicates  with  the  glossopharyngeal  and  facial 
nerves,  through  the  lesser  superficial  petrosal  nerve  continued  from  the  tympanic 
plexus,  and  through  this  nerve  it  probably  receives  a  sensory  root  from  the  glosso- 
pharyngeal and  a  motor  root  from  the  facial;  its  sympathetic  root  consists  of  a 
filament  from  the  plexus  surrounding  the  middle  meningeal  artery.    The  ganglion 
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also  communicates  with  the  auriculotemporal  nerve  by  a  branch  which  is  prob- 
ably derived  from  the  glossopharyngeal,  and  which  passes  to  the  ganglion,  and  then 
through  it  and  auriculotemporal  nerve  to  the  parotid  gland.  A  slender  filament 
(sphenoidal)  ascends  from  it  to  the  nerve  of  the  Pterygoid  canal,  and  a  small  branch 
connects  it  with  the  chorda  tympani. 

Its  branches  of  distribution  are:  a  filament  to  the  Tensor  tympani,  and  one  to 
the  Tensor  veli  palatini.  The  former  passes  backward,  lateral  to  the  auditory 
tube;  the  latter  arises  from  the  ganglion,  near  the  origin  of  the  nerve  to  the  Ptery- 
goideus  internus,  and  is  directed  forward.  The  fibres  of  these  nerves  are,  however, 
mainly  derived  from  the  nerve  to  the  Pterygoideus  internus. 

Submaxillary  Ganglion  (ganglion  suhmaxillare)  (Fig.  779). — ^The  submaxillary 
ganglion  is  of  small  size  and  is  fusiform  in  shape.  It  is  situated  above  the  deep 
portion  of  the  submaxillary  gland,  on  the  hyoglossus,  near  the  posterior  border 
of  the  Mylohyoideus,  and  is  connected  by  filaments  with  the  lower  border  of  the 
lingual  nerve.  It  is  suspended  from  the  lingual  nerve  by  two  filaments  which  join 
the  anterior  and  posterior  parts  of  the  ganglion.  Through  the  posterior  of  these 
it  receives  a  branch  from  the  chorda  tympani  nerve  which  runs  in  the  sheath  of 
the  lingual;  it  communicates  with  the  sympathetic  by  filaments  from  the 
sympathetic  plexus  around  the  external  maxillary  artery. 

Its  branches  of  distribution  are  five  or  six  in  number;  they  arise  from  the  lower 
part  of  the  ganglion,  and  supply  the  mucous  membrane  of  the  mouth  and  the  duct 
of  the  submaxillary  gland,  some  being  lost  in  the  submaxillary  gland.  The  branch 
of  communication  from  the  lingual  to  the  forepart  of  the  ganglion  is  by  some 
regarded  as  a  branch  of  distribution,  through  which  filaments  pass  from  the  gan- 
glion to  the  lingual  nerve,  and  by  it  are  conveyed  to  the  sublingual  gland  and  the 
tongue. 

Applied  Anatomy. — Paralysis  of  the  trigemiiial  nerve  causes  anesthesia  of  the  corresponding 
anterior  half  of  the  scalp,  and  of  the  face,  excepting  over  a  small  area  near  the  angle  of  the  man- 
dible supplied  by  the  cervical  nerves,  and  of  the  cornea  and  conjunctiva,  and  of  the  mucous 
membrane  of  the  nose,  mouth,  and  tongue.  Taste  is  lost  (ageusia)  on  the  affected  side.  Paralysis 
and  atrophy  follow  in  the  Temporalis,  Masseter,  and  Pterygoidei,  possibly  also  in  the  Tensor 
tympani;  when  the  mouth  is  opened  the  mandible  is  thrust  over  toward  the  paralyzed  side.  Inter- 
ference with  the  secretion  of  the  tears,  the  nasal  mucus,  and  the  saliva,  causes  dryness  of  the 
corresponding  mucous  membranes.  The  sense  of  smell  is  gradually  lost  on  the  affected  side 
from  the  trophic  changes  that  follow  in  the  nasal  mucous  membrane.  Inflammation'  of  the  eye- 
ball, under  these  circumstances  known  as  neuroparalytic  ophthalmia,  is  not  rare,  and  is  due  to 
the  dryness  and  insensitiveness  of  the  conjimctiva;  it  is  not  a  "trophic"  phenomenon,  but  depends 
on  the  occurrence  and  neglect  of  traumatic  inflammation  in  the  anesthetic  eye. 

Trigeminal  Nerve  Reflexes. — Pains  referred  to  various  branches  of  the  trigeminal  nerve  are  of 
very  frequent  occurrence,  and  should  always  lead  to  a  careful  examination  in  order  to  discover 
a  local  cause.  As  a  general  rule  the  diffusion  of  pain  over  the  various  branches  of  the  nerve  is 
at  first  confined  to  one  only  of  the  main  divisions,  and  the  search  for  the  causative  lesion  should 
always  commence  with  a  thorough  examination  of  all  those  parts  which  are  supplied  by  that 
division;  although  in  severe  cases  pain  may  radiate  over  the  branches  of  the  other  main  divisions. 
The  commonest  example  of  this  condition  is  the  neuralgia  which  is  so  often  associated  with 
dental  ctiries — here,  although  the  tooth  itself  may  not  appear  to  be  painful,  the  most  distressing 
referred  pains  may  be  experienced,  and  these  are  at  once  relieved  by  treatment  directed  to  the 
affected  tooth. 

Many  other  examples  of  trigeminal  reflexes  could  be  quoted,  but  it  will  be  sufficient  to  mention 
the  more  common  ones.  Dealing  with  the  ophthalmic  nerve,  severe  supraorbital  pain  is  com- 
monly associated  with  acute  glaucoma  or  with  disease  of  the  frontal  or  ethmoidal  air  cells.  Malig- 
nant f^rowths  or  empyema  oif  the  maxill&ry  antrum,  or  unhealthy  conditions  about  the  inferior 
conchse  or  the  septum  of  the  nose,  are  often  found  giving  rise  to  ''second  division''  neuralgia, 
and  should  be  always  looked  for  in  the  absence  of  dental  disease  in  the  maxilla. 

It  is  on  the  mandibular  nerve,  however,  that  some  of  the  most  striking  reflexes  are  seen.  It 
is  quite  common  to  meet  with  patients  who  complain  of  pain  in  the  ear,  in  whom  there  is  no  sign 
of  aural  disease,  and  the  cause  is  usually  to  be  found  in  a  carious  tooth  in  the  mandible.  More- 
over, with  an  ulcer  or  cancer  of  the  tongue,  often  the  first  pain  to  be  experienced  is  one  which 
radiates  to  the  ear  and  temporal  fossa,  over  the  distribution  of  the  auriculotemporal  nerve. 
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The  trigeminal  nerve  is  often  the  seat  of  severe  neuralgi&  for  which  no  local  cause  can  he  dis- 
covered; each  of  the  three  divisions  has  been  divided,  or  a  portion  of  the  nerve  excised,  for  this 
affection,  usually,  however,  with  only  temporary  relief.  The  supraorbital  nerve  may  be  cxpoeed 
by  making  an  incision  4  cm.  in  length  along;  the  supraorbital  margin,  below  the  eyebrow  which 
is  to  be  drawn  upward,  the  centre  of  the  incision  corresponding  to  the  supraorbital  notch.  The 
akin  and  Orbicularis  oculi  having  been  divided,  the  nerve  can  be  easily  found  eme^ing  from  the 
notch,  and  lying  in  some  loose  cellular  tissue.  It  should  be  drawn  up  by  a  blunt  hook  and  1.25 
cm.  of  it  resected,  or  the  nerve  can  be  injected  with  absolute  alcohol. 

The  infraorbital  nerve  has  been  divided  at  its  exit  by  an  incision  on  the  cheek;  or  the  floor 
of  the  orbit  has  been  exposed,  the  infraorbital  canal  opened  up,  and  the  anterior  part  of  the  nerve 
resected;  or  the  whole  nerve,  tottether  with  sphenopalatine  ganglion  as  far  back  as  the  foramm 
rotundum  may  be  removed,  but  even  then  a  return  of  the  neuralgia  in  some  other  branches  of 
the  trigeminal  nerve  is  the  rule  rather  than  the  exception.  The  operation  is  performed  ae  follows: 
the  maxilla  is  first  exposed  by  a.  T-shaped  incision,  one  limb  passing  along  the  lower  margio  of 
the  orbit,  the  other  from  the  centre  of  this  vertically  down  the  cheek  to  the  angle  of  the  mouth. 
The  nerve  ia  to  be  found,  divided,  and  a  piece  of  silk  tied  to  it  as  a  guide.  A  small  trephine  (haB- 
inch)  is  applied  to  the  bone,  below,  but  including  the  infraorbital  foramen,  and  the  maiiUar]' 
sinus  opened.  The  trephine  is  then  appUed  to  the  posterior  wall  of  the  sinus,  and  the  pterygo- 
palatine fossa  exposed.  The  infraorbital  canal  is  opened  up  from  below,  and  the  nerve  drawn 
down  into  the  trephine  hole,  and  held  on  the  stretch  by  means  of  the  piece  of  silk;  it  is  severed 
with  fine  curved  scissors  as  near  the  foramen  rotundum  as  pcissible,  any  branches  comii^  ofi 
from  the  ganghon  being  also  divided. 
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The  inferior  alveolar  nerve  can  be  reached  by  a  transverse  incision  over  the  ramus  of  the  man- 
dible placed  so  as  to  avoid  injury  to  the  facial  nerve;  the  Masseter  having  been  divided,  a  small 
trephine  ia  apphed  to  the  ramus  immediately  beneath  the  mandibular  notch,  and,  when  the 
bone  has  been  removed,  the  nerve  is  found  lying  on  the  Pterygoideus  intemus  just  as  it  enters 
the  mandibular  foramen,  and  it  can  here  be  resected.  The  hngual  nerve  is  occasionally  divided 
with  the  view  of  relieving  the  pain  in  cancerous  disease  of  the  tongue.  This  may  be  done  in  that 
part  of  its  course  where  it  lies  below  and  behind  the  last  molar  tooth.  If  a  line  he  drawn  from 
the  middle  of  the  crown  of  the  last  molar  tooth  to  the  angle  of  the  mandible  it  will  cross  the  nerve, 
which  Ilea  ^out  1.25  cm.  behind  the  tooth,  parallel  to  the  bulging  alveolar  ridge  on  the  inner 
side  of  the  body  of  the  bone.  The  tongue  should  be  pulled  forward  and  over  to  the  opposite  side, 
when  the  nerve  can  be  seen  standing  out  as  a  firm  cord  under  the  mucous  membrane  by  the  side 
of  the  tongue,  and  after  division  of  the  mucous  membrane  can  be  easily  seized  with  a  hook  anil 
a  portion  excised.  This  is  a  simple  enough  operation  on  the  cadaver,  but  when  the  disease  is 
extensive  and  has  extended  to  the  floor  of  the  mouth,  as  is  generally  the  case  when  the  division  is 
required,  the  operation  is  nob  practicable. 
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Id  severe  cases  of  neuralgia  of  the  trigeminal  ner\'e,  the  aemilunar  g^ai^iilion  has  been  removed 
in  whole  or  in  part  with  a  considerable  measure  of  success.  Rose  was  the  first  to  perform  tbia 
operation;  and  he  reached  the  ganKlion  by  trephining  the  base  of  the  skull  in  the  position  of  the 
foramen  ovale,  after  dividing  the  zygomatic  arch,  in  front  and  behind,  and  turning  it  and  the 
Masseter  downward,  and  cutting  throuKh  the  coronoid  process  of  the  mandible,  and  turning  it 
and  the  Temporalis  upward.  A  more  efficient  method  appears  to  be  that  known  as  the  Krause- 
Hartiey  method.  The  bone  forming  the  temporal  fossa  having  been  removed  to  a  sufficient 
eictent,  the  dura  mater  beneath  the  temporal  lobe  of  the  brain  is  gradually  raised  from  the  middle 
fossa,  until  the  foramen  spinoaum,  with  the  middle  meningeal  artery  passing  through  it,  is  exposed. 
This  vessel  is  to  be  ligatured  in  two  places,  and  divided  between  the  ligatures;  and  then  by  further 
raising  the  dura  mater,  the  foramina  ovale  and  rotundum  wiQ  be  exposed,  with  the  mandibular 
and  maxillary  nerves  passing  through  them.  These  nerves  are  to  be  clearly  defined  and  divided. 
The  dura  mater  is  then  to  be  raised  from  the  ganglion,  when  the  ophthalmic  nerve  will  be  exposed 
and  must  be  divided,  and  the  gangUon,  by  means  of  a  little  careful  dissection,  raised  from  ita 
bed  and  removed.  In  some  cases  where  the  neuralgia  has  been  limited  to  the  maxillary  nerve 
an  intracranial  resection  of  that  nerve  alone  has  been  performed  with  great  success.  In  other 
cases  where  the  disease  has  Dot  affected  the  ophthalmic  division,  resection  of  the  lateral  half 
of  the  ganglion  only,  with  the  maxillary  and  mandibular  nerves,  has  been  performed,  thus  leaving 
the  sensory  nerve  supply  to  the  cornea  intact.  The  motor  root  is  usually  resected  with  the  man- 
dibular  nerve,  leading  to  complete  paralysis  of  the  muscles  of  mastication  on  that  side. 

THE  ABDUCENT  NERTE  (N.  ABDUCENS;  SIXTH  NERTE)   (Fig.  778). 

The  abdocent  nerre  supplies  the  Rectus  lateralis  oculi. 

Its  fibres  arise  from  a  small  nucleus  situated  in  the  upper  part  of  the  rhomboid 
fossa,  close  to  the  middle  line  and  beneath  the  coUiculus  facialis.    They  pass  down- 
ward  and  forward  through  the    pons,   and 
emerge    in  the   furrow   between   the    lower 
border  of  the  pons  and  the  upper  end  of  the 
pyramid  of  the  medulla  oblongata. 

From  the  nucleus  of  the  sixth  nerve,  fibres 
pass  through  the  medial  longitudinal  fascic- 
ulus to  the  oculomotor  nerve  of  the  opposite 
side,  along  which  they  are  carried  to  the 
Rectus  medialis.  The  Rectus  lateralis  of  one 
eye  and  the  Rectus  medialis  of  the  other  may 
therefore  be  said  to  receive  their  nerves  from 
the  same  nucleus  (Fig.  784). 

The  nerve  pierces  the  dura  mater  on  the 
dorsum  sellae  of  the  sphenoid,  runs  through 
a  notch  in  the  bone  below  the  posterior  clinoid 
process,  and  passes  forward  through  the 
cavernous  sinus,  on  the  lateral  side  of  the 
internal  carotid  artery.  It  enters  the  orbit 
through  the  superior  orbital  fissure,  above 
the  ophthalmic  vein,  from  which  it  is  sepa- 
rated by  a  lamina  of  dura  mater.  It  then 
passes  between  the  two  heads  of  the  Rectus 
lateralis,  and  enters  the  ocular  surface  of  that 
muscle.  The  abducent  nerve  is  joined  by  sev- 
eral filaments  from  the  carotid  and  cavernous  v,a.  7S4,— Figure  ghowim  ihe  mods  of  inow- 
plexuses.  and  by  one  from  the  ophthalmic  ey^T«(tt''Du^"»°d^uborfB).'°a^^ 
nerve.  The  oculomotor,  trochlear,  ophthalmic,  JSi^^^|''R'^tSi!  mldLSr''3'RhoTib^^d'f™ 
and  abducent  nerves  bear  certain  relations  to    *■  NucIdus  of  sbducent  nerCe.  a.  Nudoun  of 

,.,..,  .  ,     .1  oculomotor Qejve.    6.  Abducant nerve.    7-   Nerr* 

each    other    m    the    cavernous     sinus,    at   the      *o  ftectu.  madiolis  imsinj  [rom^the  nucleui  o(  tha 

superior  orbital  fissure,  and  in  the  cavity  of    "^IX^ridfi^f^t^h  "^deuJ  ^* St  "bdS^St 

tVio  n-rhit    na  rnllnvuH-  "  of  the  oppoaiW  side.     8.  DecuaaBtioB  ol  the  fibres 

tne  OrOlt,  as  rOIIOWS.  of  the  abau«Bt  nerve  loUiBR«;tu»n»dialii. 
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In  the  cavernous  sinus  (Fig.  785),  the  oculomotor,  trochlear,  and  ophthalmic 
nerves  are  placed  in  the  lateral  wall  of  the  sinus,  in  the  order  given,  from  above 
downward.    The  abducent  nerve  lies  at  the  lateral  side  of  the  internal  carotid 
artery.     As  these  nerves  pass  forward  to  the  superior  orbital  fissure,  the  oculo- 
motor   and    ophthalmic   divide  into 
inUrMirarotidart'p/       branches,  and    the    abducent  nerve 
approaches  the  others;  so  that  their 
relative    positions   are   considerably 
changed. 

In  the  snperior  orbital  flssura  (Fig. 
786),  the  trochlear  nerve  and  the 
frontal  and  lacrimal  divisions  of  the 
ophthalmic  lie  in  this  order  from 
the  medial  to  the  lateral  side  upon 
the  same  plane;  they  enter  the  cavity 
of  the  orbit  above  the  muscles.  The 
remaining  nerves  enter  the  orbit  be- 

>UBh  the  right  cavsraou.  ^^^^^    ^j^^    j^^^  [j^^jg  ^f    ^^^    ReCtUS 

lateralis.  The  superior  division  of 
the  oculomotor  is  the  highest  of  these;  beneath  this  lies  the  nasociliary  branch 
of  the  ophthalmic;  then  the  inferior  division  of  the  oculomotor;  and  the  abducent 
lowest  of  all, 

Ltmlor  palpebra 
Frontal  nerve        j      HaaocUiaTy  ««nie 
Sup.  Tanrna  of  oevtomotor  nervr  \         j      /      Trochltar  iun« 

Sup.  orbilai  JUsure   \  \        I      I       I         TrochUa 


Oealomolor 
TrochUar 


MaxiiUir 


Fio.  78*.— Oblique 


InJ.  ranuu  of  oculoraoior    Inf.  oriilal 
nervf  future 

— DuKction  ■howinf  □rigios  o[  right  oculu  mui 


In  the  orbit,  the  trochlear,  frontal,  and  lacrimal  nerves  lie  immediately  beneath 
the  periosteum,  the  trochlear  nerve  resting  on  the  Obliquus  superior,  the  frontal 
on  the  Levator  palpebrae  superioris,  and  the  lacrimal  on  the  Rectus  lateralis. 
The  superior  division  of  the  oculomotor  ner\e  lies  immediately  beneath  the  Rectus 
superior,  while  the  nasociliary  nerve  crosses  the  optic  nerve  to  reach  the  medial 
wall  of  the  orbit.  Beneath  these  is  the  optic  nerve,  surrounded  in  front  by  the 
ciliary  nerves,  and  having  the  ciliarj-  ganglion  on  its  lateral  side,  between  it  and  the 
Rectus  lateralis.  Below  the  optic  nerve  are  the  inferior  division  of  the  oculomotor, 
and  the  abducent,  the  latter  lying  on  the  medial  surface  of  the  Rectus  lateralis. 
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Applied  Anatomy. — ^The  abducent  nerve  is  frequently  involved  in  fractures  of  the  base  of  the 
skull.  The  result  of  paralysis  of  this  nerve  is  medial  or  convergent  squint.  Diplopia  is  also 
present.  When  injured  so  that  its  function  is  destroyed  there  is,  in  addition  to  the  paralysis  of 
the  Rectus  lateralis  oculi,  often  a  certain  amount  of  contraction  of  the  pupil,  because  some  of 
the  sympathetic  fibres  to  the  Dilatator  pupillae  muscle  are  conveyed  through  this  nerve. 


\ 


THE  FACIAL  NERVE   (N.  FAQAUS;  SEVENTH  NERVE)  (Figs.  787,  789). 

The  facial  nerve  consists  of  a  motor  and  a  sensor^  part,  the  latter  being  frequently 
described  under  the  name  of  the  nenrus  intermediiis  {pa^s  intermedii  of  Wrisberg) 
(Fig.  787).  The  two  parts  emerge  at  the  lower  border  of  the  pons  in  the  recess 
between  the  olive  and  the  restiform  body,  the  i^tor  part  being  the  more  medial; 
immediately  to  the  lateral  side  of  the  sensory  part  is  the  acoustic  nerve. 
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Fig.  787. — Plan  of  the  facial  nerve.    The  course  of  the  sensory  fibres  is  represented  by  the  blue  lines. 


The  motor  part  supplies  the  muscles  of  the  face,  scalp,  and  auricular,  the  Buc- 
cinator and  Platysma,  the  Stapedius,  the  Stylohyoideus,  and  posterior  belly  of  the 
Digastricus;  it  also  contains  some  fibres  which  constitute  the  vasodilator  nerves 
of  the  submaxillary  and  sublingual  glands,  and  are  conveyed  to  these  glands  through 
the  chorda  tympani  nerve.  The  sensory  part  contains  the  fibres  of  taste  for  the 
anterior  two-thirds  of  the  tongue. 

The  motor  root  arises  from  a  nucleus  which  lies  deeply  in  the  reticular  formation 
of  the  lower  part  of  the  pons.  This  nucleus  is  situated  above  the  nucleus  ambiguus, 
behind  the  superior  olivary  nucleus,  and  medial  to  the  spinal  tract  of  the  trige- 
minal nerve.  From  this  orifi:in  the  fibres  pursue  a  curved  course  in  the  substance 
59 
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of  the  pons.  They  first  pass  backward  and  medialward  toward  the  rhomboid 
fossa,  and,  reaching  the  posterior  end  of  the  nucleus  of  the  abducent  nerve,  run 
upward  close  to  the  middle  line  beneath  the  colliculus  fascialis.  At  the  anterior 
end  of  the  nucleus  of  the  abducent  nerve  they  make  a  second  bend,  and  run  down- 
ward and  forward  through  the  pons  to  their  point  of  emergence  between  the  olive 
and  the  restifonn  body. 

Some  fibres  from  the  nucleus  of  the  oculomotor  nerve  are  said  to  descend  in  the 
medial  longitudinal  fasciculus  and  join  the  motor  root  of  the  facial  nerve  before  it 
leaves  the  pons.  These  fibres  are  believed  to  supply  the  Orbicularis  oculi,  Cor- 
rugator,  and  Frontalis,  since  these  muscles  have  been  observed  to  escape  paralysis 
in  lesions  of  the  motor  nucleus  of  the  facial  nerve.^ 

The  sensory  root  arisea  from  the  genicular  ganglion,  which  is  situated  on  the  genic- 
ulum  of  the  facial  nerve  in  the  facial  canal,  behind  the  hiatus  of  the  canal.  The  ceils 
of  this  ganglion  are  unipolar,  and  the  single  process  divides  in  a  T-shaped  manner 
into  central  and  peripheral  branches.  The  central  branches  leave  the  trunk  of 
the  facial  nerve  in  the  internal  acoustic  meatus,  and  form  the  sensory  root;  tbe 
peripheral  branches  are  continued  into  the  chorda  tympani  and  greater  super- 
ficial petrosal  nerves.  Entering  the  brain  at  the  lower  border  of  the  pons  between 
the  motor  root  and  the  acoustic  nerve,  the  fibres  of  the  sensory  root  pass  into  the 
substance  of  the  medulla  oblongata  and  end  in  the  upper  part  of  the  terminal 
nucleus  of  the  glossopharyngeal  nerve  and  in  the  fasciculus  solitarius. 

From  their  superficial  attachments  to  the  brain,  the  two  roots  of  the  facial  nen'e 
pass  lateralward  and  forward  with  the  acoustic  nerve  to  the  internal  acoustic 
meatus.  In  the  meatus  the  motor  root  lies  in  a  groove  on  the  upper  and  anterior 
surface  of  the  acoustic  nerve,  the  sensory  root  being  placed  between  them. 

At  the  bottom  of  the  meatus,  the  facial  nerve  enters  tlie  facial  canal,  which  it 
traverses  to  its  termination  at  the  stylomastoid  foramen.  It  is  at  first  directed 
lateralward  between  the  cochlea  and  vestibule  toward  the  medial  wall  of  the 
tympanic  cavity;  it  then  bends  suddenly  backward  and  arches  downward  behind 
tiie  tympanic  cavity  to  the  stylomastoid  foramen.  The  point  where  it  changes 
its  direction  is  named  the  Kenicolmo;  it  presents  a  reddish  gangliform  swelling,  the 
genlcolar  gtagOxm  (ganglion  geniculi;  geniculate  ganglion;  nucleus  of  the  seniory  rooi 
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of  the  Tterve)  (Fig.  788).  On  emerging  from  the  stylomastoid  foramen,  the  facial 
nerve  runs  forward  in  the  substance  of  the  parotid  gland,  crosses  the  external 
carotid  artery,  and  divides  behmd  the  ramus  of  the  mandible  into  branches,  from 
which  numerous  offsets  are  distributed  over  the  side  of  the  head,  face,  and  upper 
part  of  the  neck,  supplying  the  superficial  muscles  in  these  regions.  The  branches 
and  their  offsets  unite  to  form  the  parotid  plexus. 

Branches  of  Commnnication. — The  branches  of  communication  of  the  facial  ner\'e 
may  be  arranged  as  follows: 


v.\^ 
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In  the  internal  acoustic 
meatus  . 


At  the  genicular  ganglion 


In  the  facial  canal    . 

At  its  exit  from  the  stylo- 
mastoid foramen  . 

Behind  the  ear 
On  the  face 
In  the  neck 


With  the  acoustic  nerve. 

'With  the  sphenopalatine  ganglion  by  the  greater 

superficial  petrosal  nerve. 
With  the  otic  ganglion  by  a  branch  which  joins 

the  lesser  superficial  petrosal  nerve. 
With  the  sympathetic  on  the  middle  meningeal 

artery. 
With  the  auricular  branch  of  the  vagus. 
With  the  glossopharyngeal. 
With  the  vagus. 
With  the  great  auricular. 
.With  the  auriculotemporal. 
With  the  lesser  occipital. 
With  the  trigeminal. 
With  the  cutaneous  cervical. 


In  the  internal  acoustic  meatus  some  minute  filaments  pass  from  the  facial  to 
the  acoustic  nerve. 

The  greater  superficial  petrosal  nerve  {large  superficial  petrosal  nerve)  arises  from 
the  genicular  ganglion^  and  consists  chiefly  of  sensory  Jbranches  which  are  dis- 
tributed to  the  mucous  membrane  of  the  soft  palate;  but  it  probably  contains  a  few 
motor  fibres  which  form  the  motor  root  of  the  sphenopalatine  ganglion.  It  passes 
forward  through  the  hiatus  of  the  facial  canal^  and  runs  in  a  sulcus  on  the  anterior 
surface  of  the  petrous  portion  of  the  temporal  bone  beneath  the  semilunar  ganglion, 
to  the  foramen  lacerum.  It  receives  a  twig  from  the  tympanic  plexus,  and  in  the 
foramen  is  joined  by  the  deep  petrosal,  from  the  sympathetic  plexus  on  the  internal 
carotid  artery,  to  form  the  nerve  of  the  pterygoid  canal  which  passes  forward 
through  the  pterygoid  canal  and  ends  in  the  sphenopalatine  ganglion.  The  genicular 
ganglion  is  connected  with  the  otic  ganglion  by  a  branch  which  joins  the  lesser 
superficial  petrosal  nerve,  and  also  with  the  sympathetic  filaments  accompanying 
the  middle  meningeal  artery.  According  to  Arnold,  a  twig  passes  back  from  the 
ganglion  to  the  acoustic  nerve.  Just  before  the  facial  nerve  emerges  from  the 
stylomastoid  foramen,  it  generally  receives  a  twig  from  the  auricular  branch  of 
the  vagus. 

After  its  exit  from  the  stylomastoid  foramen,  the  facial  nerve  sends  a  twig  to 
the  glossopharyngeal,  and  communicates  with  the  auricular  branch  of  the  vagus, 
with  the  great  auricular  nerve  of  the  cervical  plexus,  with  the  auriculotemporal 
nerve  in  the  parotid  gland,  and  with  the  lesser  occipital  behind  the  ear;  on  the  face 
with  the  terminal  branches  of  the  trigeminal,  and  in  the  neck  with  the  cutaneous 
cervical  nerve. 

Branches  of  Distribution. — The  branches  of  distribution  (Fig.  787)  of  the  facial 
nerve  may  be  thus  arranged: 


With  the  facial  canal 

At  its  exit  from  the  stylo- 
mastoid foramen 


On  the  face 


f  Nerve  to  the  Stapedius  muscle. 
( Chorda  tympani. 
(  Posterior  auricular. 
^  Digastric. 

Stylohyoid. 

Temporal. 

Zygomatic. 

Buccal. 

Mandibular. 

Cervical. 


\ 
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The  Nerre  to  tl»  Stapediiu  (n.  stapedius;  tympanic  hTonek)  arises  opposite  the 
pyramidal  eminence  (pafje  1052);  it  passes  through  a  small  canal  in  this  emmence 
to  reach  the  muscle. 

The  Chonla  Tympaui  Nerre  is  given  ofT  from  the  facial  as  it  passes  downward 
behind  the  tympanic  cavity,  about  6  mm.  from  the  stylomastoid  foramen.  It 
runs  upward  and  forward  in  a  oanal,  and  enters  the  tympanic  cavity,  through  an 
aperture  (iter  chwdae  posterias)  on  its  posterior  wall,  close  to  the  medial  surface 
of  the  posterior  border  of  the  tympanic  membrane  and  on  a  level  with  the  upper 


f  siiprairatJdraf 
f  naaocilioTy 


end  of  the  manubrium  of  the  malleus.  It  traverses  the  tympanic  cavity,  between 
the  fibrous  and  mucous  layers  of  the  tjmpanic  membrane,  crosses  the  manubrium 
of  the  malleus,  and  emerges  from  the  ca\'ity  through  a  foramen  situated  at  the  inner 
end  of  the  petrotympanic  fissure,  and  named  the  iter  chordae  anterins  (canal  of 
Ihigjiier).  It  then  descends  between  tlie  Pterygoideus  externus  and  internus  on 
the  medial  surface  of  the  spina  angularis  of  the  sphenoid,  which  it  sometimes 
grooves,  and  joins,  at  an  acute  angle,  the  posterior  border  of  the  lingual  nerve. 
It  receives  a  few  efferent  fibres  from  the  motor  root;  these  enter  the  submaxillai^' 
ganglion,  and  through  it  are  distributed  to  the  submaxillary-  and  sublingual  glands; 
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the  majority  of  its  fibres  are  efferent,  and  are  continued  onward  through  the  mus- 
cular substance  of  the  tongue  to  the  mucous  membrane  covering  its  anterior 
two-thirds;  they  constitute  the  nerve  of  taste  for  this  portion  of  the  tongue.  Before 
uniting  with  the  lingual  nerve  the  chorda  tympani  is  joined  by  a  small  branch  from 
the  otic  ganglion. 

The  Posterior  Amiciilar  Nerve  (n.  auricularis  posterior)  arises  close  to  the  stylo- 
mastoid foramen,  and  runs  upward  in  front  of  the  mastoid  process;  here  it  is  joined 
by  a  filament  from  the  auricular  branch  of  the  vagus,  and  conxmunicates  with  the 
posterior  branch  of  the  great  auricular,  and  with  the  lesser  occipital.  As  it  ascends 
between  the  external  acoustic  meatus  and  mastoid  process  it  divides  into  auricular 
and  occipital  branches.  The  auricular  branch  supplies  the  Auricularis  posterior 
and  the  intrinsic  muscles  on  the  cranial  surface  of  the  auricula.  The  t>ccipital 
branch,  the  larger,  passes  backward  along  the  superior  nuchal  line  of  the  occipital 
bone,  and  supplies  the  Occipitalis. 

The  Digastric  Branch  (ramus  digastricns)  arises  close  to  the  stylomastoid  foramen, 
and  divides  into  several  filaments,  which  supply  the  posterior  belly  of  the  Digas- 
tricns; one  of  these  filaments  joins  the  glossopharyngeal  nerve. 

The  Stylohyoid  Branch  {ramus  siyhhyoideus)  frequently  arises  in  conjunction 
with  the  digastric  branch;  it  is  long  and  slender,  and  enters  the  Stylohyoideus  about 
its  middle. 

The  Temporal  Branches  {rami  temporales)  cross  the  zygomatic  arch  to  the  temporal 
region,  supplying  the  Auriculares  anterior  and  superior,  and  joining  with  the  zygo- 
maticotemporal branch  of  the  maxillary,  and  with  the  auriculotemporal  branch 
of  the  mandibular.  The  more  Anterior  branches  supply  the  Frontalis,  the  Orbicu- 
laris oculi,  and  the  Corrugator,  and  join  the  supraorbital  and  lacrimal  branches 
of  the  ophthalmic. 

The  Zygomatic  Branches  {rami  zygomatici;  mxdar  branches)  run  across  the  zygo- 
matic bone  to  the  lateral  angle  of  the  orbit,  where  they  supply  the  Orbicularis  oculi, 
and  join  with  filaments  from  the  lacrimal  nerve  and  the  zygomaticofacial  branch 
of  the  maxillary  nerve. 

The  Buccal  Branches  {rami  buccales;  infraorbital  branches),  of  larger  size  than  the 
rest,  pass  horizontally  forward  to  be  distributed  below  the  orbit  and  around  the 
mouth.  The  superficial  branches  run  beneath  the  skin  and  above  the  superficial 
muscles  of  the  face,  which  they  supply:  some  are  distributed  to  the  Procerus, 
joining  at  the  medial  angle  of  the  orbit  with  the  infratrochlear  and  nasociliary 
branches  of  the  ophthalmic.  The  deep  branches  pass  beneath  the  Zygomaticus  and 
the  Quadratus  labii  superioris,  supplying  them  and  forming  an  infraorbital  plexus  with 
the  infraorbital  branch  of  the  maxillary  nerve.  These  branches  also  supply  the 
small  muscles  of  the  nose.  The  lower  deep  branches  supply  the  Buccinator  and 
Orbicularis  oris,  and  join  with  filaments  of  the  buccinator  branch  of  the  mandibular 
nerve. 

The  Mandibular  Branch  {ramus  marginalis  mandibulae)  passes  forward  beneath 
the  Platysma  and  Triangularis,  supplying  the  muscles  of  the  lower  lip  and  chin, 
and  communicating  with  the  mental  branch  of  the  inferior  alveolar  nerve. 

The  Cervical  Branch  {ramus  colli)  runs  forward  beneath  the  Platysma,  and  forms 
a  series  of  arches  across  the  side  of  the  neck  over  the  suprahyoid  region.  One 
branch  descends  to  join  the  cervical  cutaneous  nerve  from  the  cervical  plexus; 
others  supply  the  Platysma. 

Applied  Anatomy. — Facial  palsy  is  commonly  unilateral,  and  may  be  either:  (1)  peripheral, 
from  lesion  of  the  facial  nerve;  (2)  nitdear^  from  destruction  of  the  facial  nucleus;  or  (3)  central, 
cerebral,  or  supranuclear,  from  injury  in  the  brain  to  the  fibres  passing  from  the  cortex  through 
the  internal  capsule  to  the  facial  nucleus,  or  from  injury  to  the  face  area  of  the  motor  cortex 
itself.  In  supranuclear  facial  paralysis,  which  is  usually  part  of  a  hemiplegia,  it  is  the  lower  part 
of  the  face  that  is  chiefly  affected,  while  the  forehead  can  be  freely  wrinkled  on  the  palsied  side, 
the  eye  can  be -closed  fairly  well,  and  the  eyeball  is  not  rolled  up  under  the  upper  lid;  en^otional 
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movements  of  the  face  are  much  better  executed  than  voluntary;  and  the  electrical  reactions 
of  the  muscles  on  the  aiTected  side  are  not  altered.  If  the  paralysis  is  due  to  lesion  of  the  facial 
nucleus,  the  Orbicularis  oris  escapes,  as  the  nuclear  origin  of  the  nerve  to  this  muscle  seems  to 
be  connected  with  that  of  the  tongue  nerves;  otherwise  the  symptoms  are  identical  with  those 
of  the  common  peripheral  facial  palsy,  of  which  several  types  may  be  distinguished  according 
to  the  point  in  its  course  at  which  the  facial  nerve  is  injured.  If  the  lesion  occurs  ija)  in  the  pons, 
facial  paralysis  is  produced  as  in  (eO  below;  taste  and  hearing  are  not  affected,  but  the  abducent 
nerve  also  will  be  paralyzed  because  the  fibres  of  the  facial  nerve  loop  aiound  its  nucleus  in  the 
pons.  When  the  nerve  is  paralyzed  (6)  in  the  petrous  bone,  in  addition  to  the  paralysis  of  the 
muscles  of  expression,  there  is  loss  of  taste  in  the  anterior  part  of  the  tongue,  and  the  patient  is 
unable  to  recognize  the  difference  between  bitters  and  sweets,  acids  and  salines,  from  involvement 
of  the  chorda  tympani.  The  mouth  is  dry,  because  the  salivary  glands  are  not  secreting;  and 
the  sense  of  hearing  is  affected  from  paralysis  of  the  Stapedius.  When  the  cause  of  the  paralysis 
is  (e)  fracture  of  the  base  of  the  skull,  the  acoustic  and  petrosal  nerves  are  usually  involved. 
But  by  far  the  commonest  cause  of  facial  palsy  is  (d)  exposure  of  the  nerve  to  cold  or  injury  at 
or  after  its  exit  from  the  stylomastoid  foramen  (BelVs  paralysis).  In  these  cases  the  face  looks 
as3nnmetrical  even  when  at  rest,  and  more  so  in  the  old  than  in  the  yoimg.  The  affected  side 
of  the  face  and  forehead  remains  motionless  when  voluntary  or  emotional  movement  is  attempted. 
The  Uhes  on  the  forehead  are  smoothed  out,  the  eye  can  be  shut  only  by  hand,  tears  fail  to  enter 
the  lacrimal  puncta  because  they  are  no  longer  in  contact  with  the  conjimctiva,  the  conjunctival 
reflex  is  absent,  and  efforts  to  close  the  eye  merely  cause  the  eyeball  to  roll  upward  until  the 
cornea  lies  under  the  upper  lid.  The  tip  of  the  nose  is  drawn  over  toward  the  sound  side;  the 
nasolabial  fold  is  partially  obhterated  on  the  affected  side,  and  the  ala  nasi  does  not  move  properly 
on  respiration.  The  lips  remain  in  contact  on  the  paralyzed  side,  and  cannot  be  put  together 
for  whistling;  when  a  smile  is  attempted  the  angle  of  the  mouth  is  drawn  up  on  the  unaffected 
side;  on  the  affected  side  the  lips  remain  nearly  closed,  and  the  mouth  assumes  a  characteristic 
triangular  form.  During  mastication  food  accumulates  in  the  cheek,  from  paral3rsis  of  the  Bucci- 
nator, and  dribbles  or  is  pushed  out  from  between  the  paralyzed  lips.  On  protrusion  the  tongue 
seems  to  be  thrust  over  toward  the  palsied  side,  but  verification  of  its  position  by  reference  to 
the  incisor  teeth  will  show  that  this  is  not  really  so.  The  Platysma  and  the  muscles  of  the 
auricula  are  paralyzed;  in  severe  cases  the  articulation  of  labials  is  impaired  The  electrical 
reactions  of  the  affected  muscles  are  altered  (reaction  of  degeneration),  and  the  degree  to  which 
this  alteration  has  taken  place  after  a  week  or  ten  days  gives  a  valuable  guide  to  the  prognosis. 
Most  cases  of  Bell's  palsy  recover  completely. 

The  facial  nerve  is  at  fault  in  cases  of  so-called  histrionic  spasm^  which  consists  in  an  almost 
constant  and  uncontrollable  twitching  of  some  or  all  of  the  muscles  of  the  face.  This  twitching 
is  sometimes  so  severe  as  to  cause  great  discomfort  and  annoyance  to  the  patient,  and  to  interfere 
with  sleep,  and  for  its  relief  the  facial  nerve  has  been  stretched.  The  operation  is  performed  by 
making  an  incision  behind  the  ear,  from  the  root  of  the  mastoid  process  to  the  angle  of  the  man- 
dible. The  parotid  is  tiumed  forward  and  the  dissection  carried  along  the  anterior  border  of  the 
Stemocleidomastoideus  and  mastoid  process,  imtil  the  upper  border  of  the  posterior  belly  of  the 
Digastricus  is  found.  The  nerve  is  parallel  to  this  on  about  the  level  of  the  middle  of  the  mastoid 
process.  When  found,  the  nerve  must  be  stretched  by  passing  a  blimt  hook  beneath  it  and  pulling 
it  forward  and  outward.  Too  great  force  must  not  be  used,  for  fear  of  permanent  injury  to  the 
nerve. 


THE  ACOUSTIC  NERVE  (N.  ACUSTICUS;  EIGHTH  OR  AUDITORY  NERVE). 

The  acoustic  nerve,  or  nerve  of  hearing,  is  distributed  exclusively  to  the  internal 
ear.  It  consists  of  two  sets  of  fibres,  which,  although  diflfering  in  their  central 
connections,  are  both  concerned  in  the  transmission  of  afferent  impulses  from  the 
internal  ear  to  the  medulla  oblongata  and  pons,  and  from  there,  by  means  of  fibres 
which  arise  from  collections  of  gray  substance  in  these  structures,  to  the  cerebrum 
and  cerebellum.  One  set  of  fibres  forms  the  vestibular  root  of  the  nerve,  and  arises 
from  the  cells  in  the  vestibular  ganglion  situated  in  the  internal  acoustic  meatus; 
the  other  set  constitutes  the  cochlear  root,  and  takes  origin  from  the  cells  in  the 
ganglion  spirale,  which  occupies  the  spiral  canal  of  the  cochlea.  Both  of  these 
ganglia  consist  of  bipolar  nerve  cells;  from  each  of  the  cells  a  central  fibre  passes 
to  the  brain,  a  peripheral  fibre  to  the  internal  ear.  At  its  connection  with  the  brain 
the  eighth  nerve  occupies  the  groove  between  the  pons  and  medulla,  lying  behind 
the  facial  nerve  and  in  front  of  the  restiform  bodv. 
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Vestibular  Boot  (radix  vestibidaris;  vesitbular  nerve)  (Fig.  790). — ^The  fibres  of 
this  root  enter  the  medulla  oblongata  on  the  medial  side  of  those  of  the  cochlear 
root,  and  pass  between  the  restiform  body  and  the  spinal  tract  of  the  trigeminal. 
They  then  divide  into  ascending  and  descending  fibres.  The  latter  end  by  arbor- 
izing around  the  cells  of  the  medial  nucleus,  which  is  situated  in  the  area  acustica 
of  the  rhombojd  fossa.  The  ascending  fibres  either  end  in  the  same  manner  or  in 
the  lateral  nucleus,  which  is  situated  lateral  to  the  area  acustica  and  farther  from 
the  ventricular  floor;  the  lateral  nucleus  consists  of  two  parts,  a  medial,  the  nucleus 
of  Deiters,  and  a  lateral,  the  nucleus  of  Bechterew.  Some  of  the  axons  of  the  cells 
of  the  lateral  nucleus,  and  possibly  aho  of  the  medial  nucleus,  are  continued  upward 
through  the  restiform  body  to  the  roof  nuclei  of  the  opposite  side  of  the  cerebellum, 
to  which  also  other  fibres  of  the 
vestibular  root  are  prolonged  with- 
out interruption  in  the  nuclei  of 
the  medulla  oblongata.  A  second 
set  of  fibres  from  the  medial  and 
lateral  nuclei  end  partly  in  the  ^-■ 
tegmentum,  while  the  remainder  2... 
ascend  in  the  medial  longitudinal  ^ 

fasciculus  to  arborize  around  the  A 

cells  of  the  nuclei  of  the  oculo- 
motor nerve. 

Cochlear  Root  (radix  cochlearis; 
cochlear  nerve)  (Fig.  791). — ^The 
cochlear  root  is  placed  lateral  to 
the  vestibular  root.  Its  fibres  end 
in  two  nuclei:  one,  the  accessoiy 
nucleus,  lies  immediately  in  front 
of  the  restiform  body;  the  other, 
the  tuberculum  acusticum,  some- 
what lateral  to  it. 

The  striae  medullares  (striae 
aciuiicae)  are  the  axons  of  the  cells 
of  the  tuberculum  acusticum. 
They   pass    over    the    restiform 

body,  and  across  the  rhomboid  fossa  to  the  median  sulcus.  Here  they  dip  into 
the  substance  of  the  pons,  to  end  around  the  cells  of  the  superior  olivary  nuclei 
of  both  sides.  There  are,  however,  other  fibres,  and  these  are  both  direct  and 
crossed,  which  pass  into  the  lateral  lemniscus.  The  cells  of  the  accessory  nucleus 
give  origin  to  fibres  which  run  transversely  in  the  pons  and  constitute  the  trapezium. 
Of  the  trapezoid  fibres  some  end  around  the  cells  of  the  superior  olivary  nucleus 
or  of  the  trapezoid  nucleus  of  the  same  or  opposite  side,  while  others,  crossed  or 
uncrossed,  pass  directly  into  the  lateral  lemniscus. 

If  the  further  connections  of  the  cochlear  nerve  of  one  side,  say  the  left,  be  con- 
sidered, it  is  found  that  they  lie  lateral  to  the  main  sensory  tract,  the  lemniscus, 
and  are  therefore  termed  the  lateral  lemniscus.  The  fibres  comprising  the  left 
lateral  lemniscus  arise  in  the  superior  olivary  and  trapezoid  nuclei  of  the  same  or 
opposite  side,  while  others  are  the  uninterrupted  fibres  already  alluded  to,  and  these 
are  either  crossed  or  uncrossed,  the  former  being  the  axons  of  the  cells  of  the  right 
accessory  nucleus  or  of  the  cells  of  the  right  tuberculum  acusticum,  while  the 
latter  are  derived  from  the  cells  of  the  left  nuclei.  In  the  upper  part  of  the  lateral 
lemniscus  there  is  a  collection  of  nerve  cells,  the  nucleus  of  the  lateral  lemniscus, 
around  the  cells  of  which  some  of  the  fibres  arborize  and  from  the  cells  of  which 
axons  originate  to  continue  upward  the  tract  of  the  lateral  lemniscus.   The  ultimate 


Fio.  790. — Terminal  nuclei  of  the  vestibular  root  of  the  aooua- 
tio  nerve,  with  -their  upper  connections.  (Schematic.)  (Testut.) 
1.  Posterior  or  cochlear  root,  with  its  two  nuclei.  2.  Accessory 
nucleus.  3.  Tuberculum  acusticum.  4.  Anterior  or  vestibular 
root.  5.  Internal  nucleus.  6 .  Nucleus  of  Deiters.  7.  Nucleus  d 
Bechterew.  8.  Inferior  or  descending  root  of  acoustic.  9.  As- 
cending cerebellar  fibres.  10.  Fibres  ^oing  to  raph6.  11.  Fibres 
taking  an  oblique  course.  12.  Lemniscus.  13.  Inferior  sensory 
root  of  trigeminal.  14.  Cerebrospinal  fasciculus.  15.  Raph6.  16. 
Fourth  ventricle.  17.  Restiform  body.  18.  Origin  of  striae 
medullares. 
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ending  of  the  left  lateral  lemniscus  is  partly  in  the  opposite  medial  geniculate 
body,  and  partly  in  the  inferior  coUiculi.  From  the  cells  of  these  bodies  new  fibres 
arise  and  ascend  in  the  occipital  part  of  the  internal  capsule  to  reach  the  posterior 
three-fifths  of  the  left  superior  temporal  gjTUs  and  the  transverse  temporal  g\^ri. 

The  acoustic  nerve  contains  a  few  efferent  fibres  which  arise  in  the  quadrigeminal 
bodies,  the  nucleus  of  the  lateral  lemniscus,  the  superior  olivary  and  trapezoid 
nuclei. 


6    14 


/' 


4.. 


J 

/ 


i     i 


■^;\^^ — -'* 


•r/:/ 


V    ' 


■   > 


i     ^ 


Fio.  701. — ^Tenninal  nuclei  of  the  ooohlear  root  of  the  acoiutio  nerve,  with  their  upper  connections.  (Schematic.) 
(Testut.)  The  vestibular  root  with  its  terminal  nuclei  and  their  efferent  fibres  have  oeen  suppressed.  On  the  other 
hand,  in  order  not  to  obscure  the  trapeaoid  body,  the  efferent  fibres  of  the  terminal  nuclei  on  the  right  side  have  been 
resected  in  a  considerable  portion  of  their  extent.  The  trapesoid  body,  therefore,  shows  only  one-half  of  its  fibres, 
via.,  those  which  come  from  the  left.  1.  Vestibular  root  of  the  acoustic,  divided  at  its  entrance  into  the  medulla 
oblongata.  2.  Cochlear  root.  3.  Accessory  nucleus  of  acoustic  nerve.  4.  Tuberculum  acustioum.  5.  Efferent 
fibres  of  accessory  nucleus.  6.  Efferent  fibres  of  tuberculum  acusticum,  forming  the  striae  medullares,  with  6',  their 
direct  bundle  gomg  to  the  superior  olivary  nucleus  of  the  same  side;  6",  their  decussating  bundles  going  to  the 
superior  olivary  nucleus  of  the  opposite  side.  7.  Superior  oilvaiy  nucleus.  8.  Trapesoid  body.  9.  Trapesoid  nucleus- 
10.  Central  acoustic  tract  (lateral  lemniscus).  11.  Raph6.  12.  (^Cerebrospinal  fasdeulus.  13.  Fourth  ventricle. 
14.  Restiform  body. 

The  acoustic  nerve  is  soft  in  texture,  and  destitute  of  neurilemma.  After  leaving 
the  medulla  oblongata  it  passes  forward  across  the  posterior  border  of  the  brachium 
pontis,  in  company  with  the  facial  nerve,  from  which  it  is  partially  separated  by 
the  internal  auditory  artery.  It  then  enters  the  internal  acoustic  meatus  with  the 
facial  nerve.  At  the  bottom  of  the  meatus  it  receives  one  or  two  filaments  from  the 
facial  nerve,  and  then  divides  into  its  two  branches,  cochlear  and  yestibular,  the 
distribution  of  which  will  be  described  with  the  anatomv  of  the  internal  ear. 

Applied  Anatomy. — The  acoustic  nerve  is  frequently  injured,  together  with  the  facial  nerve, 
in  fracture  of  the  middle  fossa  of  the  base  of  the  skull  implicating  the  internal  acoustic  meatus. 
The  nerve  may  be  either  torn  across,  producing  permanent  deafness,  or  it  may  be  bruised  or 
pressed  upon  by  extravasated  blood  or  inflammatory  exudation,  when  the  deafness  will  in  all 
probability  be  temporary.  The  nerve  may -also  be  injured  by  violent  blows  on  the  head  without 
any  fracture  of  the  bones  of  the  skull  taking  place,  and  deafness  may  arise  from  loud  explosioDS 
from  dynamite,  etc.,  probably  from  some  lesion  of  this  nerve,  which  is  more  liable  to  be  injured 
than  the  other  cerebral  nerves  on  account  of  its  structure.  "Nerve  deafness"  as  contrasted 
with  deafness  due  to  changes  in  the  middle  ear  or  meatus,  is  suggested  if  (1)  a  sounding  tuning 
fork  placed  on  the  middle  line  of  the  head  is  heard  better  (Weber's  test)  by  the  unaffected  ear; 
or  if  (2)  the  sounding  tuning  fork  is  heard  longer  when  held  before  the  affected  ear  ( =  air  conduc- 
tion) than  when  it  is  stood  on  the  corresponding  mastoid  (  =  bone  conduction,  Rinn^'s  test);  or 
if  (3)  the  sounding  tuning  fork  applied  to  the  vertex  or  mastoid  is  heard  less  well  when  the  air 
in  the  meatus  is  compressed  by  the  use  of  a  Siegle's  speculum  (Gell^'s  test) ;  or  if  (4)  the  tuning 
fork  placed  on  the  mastoid  is  heard  for  a  shorter  time  than  its  sound  is  perceptible  to  a  normal 
individual  (  =  evidence  that   bone  conduction  is  diminished,  Schwabach's  test).      It  must  be 
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remembered  that  all  these  tests  are  liable  to  anomalies  and  exceptions,  and  are  not  applicable 
to  old  people.  If,  however,  concordant  results  are  yielded  by  the  tests  of  Weber,  Rinn4,  and 
Gell4,  Bezold's  "triad  of  symptoms,"  nerve  deafness  rather  than  deafness  due  to  disease  of  the 
conducting  structures  is  rendered  highly  probable. 

Tinnitus  aurium,  or  the  hearing  of  sounds  in  the  ear  that  have  no  objective  cause  outside  the 
body,  is  said  to  be  present  in  as  many  as  60  per  cent,  of  cases  of  ear  disease  of  all  sorts,  and  is 
commonest  in  disease  of  the  labyrinth  or  of  the  nerve.  It  is  very  variable  in  intensity;  the  worst 
forms  are  purely  subjective  and  due  to  irritation  of  the  nerve  itself.  The  sounds  heard  are  of  the 
most  varied  nature — buzzing,  hissing,  whistling,  rushing,  bell  ringing,  and  so  forth — and  may 
occupy  the  patient's  attention  so  completely  that  he  is  no  longer  able  to  attend  to  his  business; 
he  may  even  commit  suicide  in  order  to  escape  from  them.  In  the  insane,  tinnitus  is  associated 
with  delusions  and  hallucinations  of  hearing;  cases  of  insanity  have  even  been  recorded  in  which 
cure  was  effected  by  the  removal  of  cerumen  impacted  in  the  meatus  and  giving  rise  to  persistent 
tinnitus. 


THE  GLOSSOPHARYNGEAL  NERVE  (N.  GLOSSOPH ARTNGEUS ;  NINTH 

NERVE)  (Figs.  792,  793,  794). 


Auricular 


Tvmpanic 


The  glossopharyngeal  nerve  contains  both  motor  and  sensory  fibres,  and  is  dis- 
tributed, as  its  name  implies,  to  the  tongue  and  pharynx.    It  is  the  nerve  of  ordinary 
sensation  to  the  mucous  membrane  of  the  pharynx,  fauces,  and  palatine  tonsil,  and 
the  nerve  of  taste  to  the 
posterior  part  of  the  tongue. 
It  is  attached  by  three  or 
four  filaments  to  the  upper 
part  of  the  medulla  oblon- 
gata, in  the  groove  between 
the  olive  and  the  restiform 
body. 

The  sensory  fibres  arise 
from  the  cells  of  the  supe- 
rior and  petrous  ganglia, 
which  are  situated  on  the 
trunk  of  the  nerve,  and 
will  be  presently  described. 
When  traced  into  the  me- 
dulla, some  of  the  sensory 
fibres  end  by  arborizing 
around  the  cells  of  the 
upper  part  of  a  nucleus 
which  lies  beneath  the  ala 
cinera  in  the  lower  part  of 
the  rhomboid  fossa.  Many 
of  the  fibres,  however,  con- 
tribute to  form  a  strand, 
named  the  fasdculos  soli- 

tarins,  which  descends  in  the  medulla  oblongata.    Associated  with  this  strand 
are  numerous  nerve  cells,  and  around  these  the  fibres  of  the  fasciculus  end. 

The  motor  fibres  spring  from  the  cells  of  the  nacleos  ambiguos,  which  lies  some 
distance  from  the  surface  of  the  rhomboid  fossa  in  the  lateral  part  of  the  medulla 
and  is  continuous  below  with  the  anterior  gray  column  of  the  medulla  spinalis. 
From  this  nucleus  the  fibres  are  first  directed  backward,  and  then  they  bend  for- 
ward and  lateralward  to  join  the  fibres  of  the  sensory  root.  The  nucleus  ambiguus 
gives  origin  to  the  motor  branches  of  the  glossopharyngeal  and  vagus  nerves,  and 
to  the  cerebral  part  of  the  accessory  nerve. 


Pharyngeal 


Larungeal 


Fxo.  792. — Plan  of  upper  portions  of  gloesopharyngeal,  vagun,  and 

accessory  nerves. 
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From  the  medulla  oblongata,  the  glossopharyngeal  nerve  passes  lateralward 
across  the  flocculus,  and  leaves  the  skull  through  the  central  part  of  the  jugular 
foramen,  in  a  separate  sheath  of  the  dura  mater,  lateral  to  and  in  front  of  the  v^us 
and  accessory  nerves  (Fig.  793).  In  its  passage  through  the  jugular  foramen. 
it  grooves  the  lower  border  of  the  petrous  part  of  the  temporal  bone;  and,  at  its 
exit  from  the  skull,  passes  forward  between  the  internal  jugular  vein  and  internal 
carotid  artery;  it  descends  in  front  of  the  latter  vessel,  and  beneath  the  styloid 
process  and  the  muscles  connected  with  it,  to  the  lower  border  of  the  Stylo- 
pharyngeus.  It  then  curves  forward,  forming  an  arch  on  the  side  of  the  neck 
and  Ij'ing  upon  the  Stylopharj-ngeus  and  Constrictor  pharyngis  medius.  Thenee 
it  passes  under  cover  of  the  Hyoglossus,  and  is  finally  distributed  to  the  paUtbe 
tonsil,  the  mucous  membrane  of  the  fauces  and  base  of  the  tongue,  and  tbe 
mucous  glands  of  the  mouth. 


[fpiiuiftiart) 


FiQ.  TfiS. — Upper  part  at  medulU  sriinalis  and  hind-  and  mid-briina;  poatarior  aspeot,  tipood  in  ii'lu. 

In  passing  through  the  jugular  foramen,  the  nerve  presents  two  ganglia,  the 
superior  and  the  petrous  (Fig.  792). 

The  superior  ganglion  {ganglion  superivs;  jugvlar  ganglion)  is  situated  in  the 
upper  part  of  the  groove  in  which  the  ner\'e  is  lodged  during  its  passage  through 
the  jugular  foramen.  It  is  verj-  small,  and  is  usually  regarded  as  a  detached 
portion  of  the  petrous  ganglion. 
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The  petrous  ganglion  (ganglion  petrosuvi;  inferior  ganglion)  is  larger  than  the  . 
superior  and  is  situated  in  a  depression  in  the  lower  border  of  the  petrous  portion 
of  the  temporal  bone. 

Bi«ncb«8  of  Conuniinication.^ —  m^-n.^™™.,™./ 

The  glossopharyngeal  nerve  com- 
municates with  the  vagus,  sym- 
pathetic, and  facial. 

The  branches  to  the  vagus  are 
two  filaments  which  arise  from 
the  petrous  ganglion,  one  pass- 
ing to  the  auricular  branch,  and 
the  other  to  the  jugular  gang- 
lion, of  the  vagus.  The  petrous 
ganglion  is  connected  by  a  fila- 
ment with  the  superior  cervical 
ganglion  of  the  sympathetic. 
The  branch  of  communication 
with  the  facial  perforates  the 
posterior  belly  of  thcDigastricus. 
It  arises  from  the  trunk  of  the 
glossopharyngeal  below  the  pet- 
rous ganglion,  and  joins  thefacial 
just  after  the  exit  of  that  nerve 
from  the  stylomastoid  foramen. 

Branches  of  Distribution.— The 
branches  of  distribution  of  the 
glossopharyngeal  are:  the  tym- 
panic, carotid,  pharynseal,  mns- 
cnlar,  tonsillar,  and  lingual. 

The  Tympanic  Nerve  (n.  tym- 
panicus;  nerve  of  Jacobson)  arises 
from  the  petrous  ganglion,  and 
ascends  to  the  tympanic  cavity 
through  a  small  canal  on  the 
under  surface  of  the  petrous 
portion  of  the  temporal  bone  on 
the  ridge  which  separates  the 
carotid  canal  from  the  jugular 
fossa.  In  the  tympanic  cavity 
it  divides  into  branches  which 
form  the  tympanic  plexus  and 
are  contained  in  grooves  upon 
the  surface  of  the  promontory. 
This  plexus  gives  off;  (1)  the 
lesser  superficial  petrosal  nerve; 
(2)  a  branch  to  join  the  greater 
superficial  petrosal  nerve;  and{3) 
branches  to  the  tympanic  cavity, 
all  of  which  will  be  described  in        _    ,q._-  jj-.-u.      ,,u    i       i.         i 

.  .  ,     .  1  .  .  ""■  794.— Course  aod  dislnbution  of  the  gloeaopharyngtal. 

connection  with  the  anatomy  of  vapu.  md  M««ory  aetva. 

the  middle  ear. 

The  Carotid  Branches  (n.  caroticotympanicus  superior  and  n.  caroticotympanicus 
inferior)  descend  along  the  trunk  of  the  internal  carotid  arterj'  as  far  as  its  origin, 
communicating  with  the  pharyngeal  branch  of  the  vagus,  and  with  branches  of 
the  sympathetic. 
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The  Pharyngeal  Branches  {rami  pharyngei)  are  three  or  four  filaments  which  unite, 
opposite  the  Constrictor  pharyngis  medius,  with  the  pharyngeal  branches  of  the 
vagus  and  sympathetic,  to  form  the  pharyngeal  plexus;  branches  from  this  plexus 
perforate  the  muscular  coat  of  the  pharynx  and  supply  its  muscles  and  mucous 
membrane. 

The  Muscular  Branch  {ramus  styUypharyngeus)  is  distributed  to  the  Stylo- 
pharyngeus. 

The  Tonsillar  Branches  {rami  tonsiUares)  supply  the  palatine  tonsil,  forming 
around  it  a  plexus  from  which  filaments  are  distributed  to  the  soft  palate  and 
fauces,  where  they  communicate  with  the  palatine  nerves. 

The  Lingual  Branches  {rami  linguales)  are  two  in  number;  one  supplies  the  papillae 
vallatae  and  the  mucous  membrane  covering  the  base  of  the  tongue;  the  other 
supplies  the  mucous  membrane  and  follicular  glands  of  the  posterior  part  of  the 
tongue,  and  communicates  with  the  lingual  nerve. 


THE  VAQUS  NERVE  (N.  VAQUS;  TENTH  NERVE;  PNEUMOQASTRIC 

NERVE)  (Figs.  792,  793,  794). 

The  vagU3  nerve  is  composed  of  both  motor  and  sensory  fibres,  and  has  a  more 
extensive  course  and  distribution  than  any  of  the  other  cerebral  nerves,  since  it 
passes  through  the  neck  and  thorax  to  the  abdomen. 

The  vagus  is  attached  by  eight  or  ten  filaments  to  the  medulla  oblongata  in  the 
groove  between  the  olive  and  the  restiform  body,  below  the  glossopharyngeal. 
The  sensory  fibres  arise  from  the  cells  of  the  jugular  ganglion  and  ganglion  nodosum 
of  the  nerve,  and;  when  traced  into  the  medulla  oblongata  mostly  end  by  arborizing 
around  the  cells  of  the  inferior  part  of  a  nucleus  which  lie  beneath  the  ala  cinerea 
in  the  lower  part  of  the  rhomboid  fossa.  Some  of  the  sensory  fibres  of  the  glosso- 
pharyngeal nerve  have  been  seen  to  end  in  the  upper  part  of  this  nucleus.  A  few 
of  the  sensory  fibres  of  the  vagus  descend  in  the  fasciculus  solitarius  and  end  around 
its  cells.  The  motor  fibres  arise  from  the  cells  of  the  nucleus  ambiguus,  already 
referred  to  in  connection  with  the  motor  root  of  the  glossopharyngeal  nerve 
(page  937). 

The  filaments  of  the  nerve  unite,  and  form  a  fiat  cord,  which  passes  beneath 
the  fiocculus  to  the  jugular  foramen,  through  which  it  leaves  the  cranium.  In 
emerging  through  this  opening,  the  vagus  is  accompanied  by  and  contained  in 
the  same  sheath  of  dura  mater  with  the  accessory  nerve,  a  septum  separating 
them  from  the  glossopharyngeal  which  lies  in  front  (Fig.  793).  In  this  situation 
the  vagus  presents  a  well-marked  ganglionic  enlargement,  which  is  called  the  jo^ar 
ganglion  {ganglion  of  the  root) ;  to  it  the  accessory  nerve  is  connected  by  one  or  two 
filaments.  After  its  exit  from  the  jugular  foramen  the  vagus  is  joined  by  the  cere- 
bral portion  of  the  accessory  nerve,  and  enlarges  into  a  second  gangliform  swelling, 
called  the  ganglion  nodosum  {ganglion  of  the  trunk) ;  through  this  the  fibres  of  the 
cerebral  portion  of  the  accessory  pass  without  interruption,  being  principally 
distributed  to  the  pharyngeal  and  superior  laryngeal  branches  of  the  vagus,  but 
some  of  its  fibres  descend  in  the  trunk  of  the  vagus,  to  be  distributed  with  the 
recurrent  nerve  and  probably  also  with  the  cardiac  nerves.- 

The  vagus  nerve  passes  vertically  down  the  neck  within  the  carotid  sheath, 
lying  between  the  internal  jugular  vein  and  internal  carotid  artery  as  far  as  the 
upper  border  of  the  thyroid  cartilage,  and  then  between  the  same  vein  and  the 
common  carotid  artery  to  the  root  of  the  neck.  The  further  course  of  the  nerve 
differs  on  the  two  sides  of  the  body. 

On  the  right  side,  the  nerve  passes  across  the  subclavian  artery  between  it  and 
the  right  innominate  vein,  and  descends  bv  the  side  of  the  trachea  to  the  back  of 
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the  root  of  the  lung,  where  it  spreads  out  in  the  posterior  pulmonary  plexus.  From 
the  lower  part  of  this  plexus  two  cords  descend  on  the  oesophagus,  and  divide  to 
form,  with  branches  from  the  opposite  nerve,  the  OBsophageal  plexus.  Below,  these 
branches  are  collected  into  a  single  cord,  which  runs  along  the  back  of  the  oesophagus 
enters  the  abdomen,  and  is  distributed  to  the  postero-inferior  surface  of  the  stomach, 
joining  the  left  side  of  the  coeliac  plexus,  and  sending  filaments  to  the  lienal  plexus. 

On  the  left  side,  the  vagus  enters  the  thorax  between  the  left  carotid  and  sub- 
clavian arteries,  behind  the  left  innominate  vein.  It  crosses  the  left  side  of  the 
arch  of  the  aorta,  and  descends  behind  the  root  of  the  left  lung,  forming  there 
the  posterior  pulmonary  plexus.  From  this  it  runs  along  the  anterior  surface  of  the 
oesophagus,  where  it  unites  with  the  nerve  of  the  right  side  in  the  cesophai^eal 
plexus,  and  is  continued  to  the  stomach,  distributing  branches  over  its  antero- 
superior  surface;  some  of  these  extend  over  the  fundus,  and  others  along  the  lesser 
curvature.  Filaments  from  these  branches  enter  the  lesser  omentum,  and  join  the 
hepatic  plexus. 

The  jugular  ganglion  (ganglion  jugulare;  ganglion  of  the  root)  is  of  a  grayish 
color,  spherical  in  form,  about  4  mm.  in  diameter. 

Branches  of  Communication. — ^This  ganglion  is  connected  by  several  delicate 
filaments  to  the  cerebral  portion  of  the  accessory  nerve;  it  also  communicates  by 
a  twig  with  the  petrous  ganglion  of  the  glossopharyngeal,  with  the  facial  nerve 
by  means  of  its  auricular  branch,  and  with  the  sympathetic  by  means  of  an  ascend- 
ing filament  from  the  superior  cervical  ganglion. 

The  ganglion  nodosum  (ganglion  of  the  trunk;  inferior  ganglion)  is  cylindrical 
in  form,  of  a  reddish  color,  and  2.5  cm.  in  length.  Passing  through  it  is  the  cerebral 
portion  of  the  accessory  nerve,  which  blends  with  the  vagus  below  the  ganglion. 

Branches  of  Communication. — ^This  ganglion  is  connected  with  the  hypoglossal, 
the  superior  cervical  ganglion  of  the  sympathetic,  and  the  loop  between  the  first 
and  second  cervical  nerves. 

Branches  of  Distribution. — ^The  branches  of  distribution  of  the  vagus  are: 

T    ^1     T       1     T^  f  Meningeal. 

In  the  Jugular  Fossa {Auricular. 

'Pharyngeal. 

Superior  laryngeal. 

Recurrent. 

Superior  cardiac. 
'  Inferior  cardiac. 

Anterior  bronchial. 

Posterior  bronchial. 
.  oesophageal. 

I  Gastric. 
Coeliac. 
Hepatic. 

The  Meningeal  Branch  (ramus  meningeus;  dural  branch)  is  a  recurrent  filament 
given  off  from  the  jugular  ganglion;  it  is  distributed  to  the  dura  mater  in  the 
posterior  fossa  of  the  base  of  the  skull. 

The  Auricular  Branch  (ramus  auricularis;  nerve  of  Arnold)  arises  from  the  jugular 
ganglion,  and  is  joined  soon  after  its  origin  by  a  filament  from  the  petrous  ganglion 
of  the  glossopharyngeal;  it  passes  behind  the  internal  jugular  vein,  and  enters  the 
mastoid  canaliculus  on  the  lateral  wall  of  the  jugular  fossa.  Traversing  the  sub- 
stance of  the  temporal  bone,  it  crosses  the  facial  canal  about  4  mm.  above  the  stylo- 
mastoid foramen,  and  here  it  gives  off  an  ascending  branch  which  joins  the  facial 
nerve-  The  nerve  reaches  the  surface  by  passing  through  the  tympanomastoid 
fissure  between  the  mastoid  process  and  the  tympanic  part  of  the  temporal  bone, 
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and  divides  into  two  branches:  one  joins  the  posterior  auricular  nerve,  the  otjier 
is  distributed  to  the  skin  of  the  back  of  the  auricula  and  to  the  posterior  part  of 
the  external  acoustic  meatus. 

The  Pharyngeal  Branch  (ramus  pharyngeus),  the  principal  motor  nerve  of  the 
pharynx,  arises  from  the  upper  part  of  the  ganglion  nodosum,  and  consists  prin- 
cipally  of  filaments  from  the  cerebral  portion  of  the  accessory  nerve.  It  passes 
across  the  internal  carotid  artery  to  the  upper  border  of  the  Constrictor  pharyngis 
medius,  where  it  divides  into  numerous  filaments,  which  join  with  branches  from 
the  glossopharyngeal,  sympathetic,  and  external  laryngeal  to  form  the  pharyngeal 
plexus.  From  the  plexus,  branches  are  distributed  to  the  muscles  and  mucous 
membrane  of  the  pharynx  and  the  muscles  of  the  soft  palate,  except  the  Tensor 
veli  palatini.  A  minute  filament  descends  and  joins  the  hypoglossal  nerve  as  it 
winds  around  the  occipital  artery. 

The  Superior  Laryngeal  Nerve  (n.  laryngeus  superix)r)  larger  than  the  preceding, 
arises  from  the  middle  of  the  ganglion  nodosum  and  in  its  course  receives  a  branch 
from  the  superior  cervical  ganglion  of  the  sympathetic.  It  descends,  by  the  side  of 
the  pharynx,  behind  the  internal  carotid  artery,  and  divides  into  two  branches, 
external  and  internal. 

The  external  branch  {ramus  extemus),  the  smaller,  descends  on  the  larynx,  beneath 
the  Stemothyreoideus,  to  supply  the  Cricothyreoideus.  It  gives  branches  to  the 
pharyngeal  plexus  and  the  Constrictor  pharyngis  inferior,  and  communicates  with 
tlie  superior  cardiac  nerve,  behind  the  common  carotid  artery. 

The  internal  branch  (ramu^  intemus)  descends  to  the  hyothyroid  membrane, 
pierces  it  in  company  with  the  superior  laryngeal  artery,  and  is  distributed  to  the 
mucous  membrane  of  the  larynx.  Of  these  branches  some  are  distributed  to  the 
epiglottis,  the  base  of  the  tongue,  and  the  epiglottic  glands;  others  pass  backward, 
in  the  aryepiglottic  fold,  to  supply  the  mucous  membrane  surrounding  the  entrance 
of  the  larynx,  and  that  lining  the  cavity  of  the  larynx  as  low  down  as  the  vocal 
folds.  A  filament  descends  beneath  the  mucous  membrane  on  the  inner  surface 
of  the  thyroid  cartilage  and  joins  the  recurrent  nerve. 

The  Recurrent  Nerve  (n.  recurrens;  inferior  or  recurrent  laryngeal  nerve)  arises, 
on  the  right  side,  in  front  of  the  subclavian  artery;  winds  from  before  back- 
ward around  that  vessel,  and  ascends  obliquely  to  the  side  of  the  trachea  behind 
the  common  carotid  artery,  and  either  in  front  of  or  behind  the  inferior  thyroid 
artery.  On  the  left  side,  it  arises  on  the  left  of  the  arch  of  the  aorta,  and  winds 
below  the  aorta  at  the  point  where  the  ligamentum  arteriosum  is  attached,  and  then 
ascends  to  the  side  of  the  trachea.  The  nerve  on  either  side  ascends  in  the  groove 
between  the  trachea  and  oesophagus,  passes  under  the  lower  border  of  the  Con- 
strictor pharyngis  inferior,  and  enters  the  larynx  behind  the  articulation  of  the 
inferior  cornu  of  the  thyroid  cartilage  with  the  cricoid;  it  is  distributed  to  all  the 
muscles  of  the  larynx,  excepting  the  Cricothyreoideus.  It  communicates  w^th  the 
internal  branch  of  the  superior  laryngeal  nerve,  and  gives  off  a  few  filaments  to 
the  mucous  membrane  of  the  lower  part  of  the  larynx. 

As  the  recurrent  nerve  hooks  around  the  subclavian  artery  or  aorta,  it  gives 
off  several  cardiac  filaments  to  the  deep  part  of  the  cardiac  plexus.  As  it  ascends 
in  the  neck  it  gives  off  branches,  more  numerous  on  the  left  than  on  the  right  side, 
to  the  mucous  membrane  and  muscular  coat  of  the  oesophagus;  branches  to  the 
mucous  membrane  and  muscular  fibres  of  the  trachea;  and  some  pharyngeal 
filaments  to  the  Constrictor  pharyngis  inferior. 

The  Superior  Cardiac  Branches  {rami  cardiaci  sujyeriores;  cervical  cardiac  branches), 
two  or  three  in  number,  arise  from  the  vagus,  at  the  upper  and  lower  parts  of  the 
neck. 

The  upper  branches  are  small,  and  communicate  with  the  cardiac  branches 
of  the  sympathetic.    They  can  be  traced  to  the  deep  part  of  the  cardiac  plexus. 
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The  lower  branch  arises  at  the  root  of  the  neck,  just  above  the  first  rib.  That 
from  the  right  vagus  passes  in  front  or  by  the  side  of  the  innominate  artery,  and 
proceeds  to  the  deep  part  of  the  cardiac  plexus;  that  from  the  left  runs  down  across 
the  left  side  of  the  arch  of  the  aorta,  and  joins  the  superficial  part  of  the  cardiac 
plexus. 

The  Inferior  Cardiac  Branches  {rami  cardiaci  inferiores;  thoracic  cardiac  branches), 
on  the  right  side,  arise  from  the  trunk  of  the  vagus  as  it  lies  by  the  side  of  the 
trachea,  and  from  its  recurrent  nerve;  on  the  left  side  from  the  recurrent  nerve  only; 
passing  inward,  they  end  in  the  deep  part  of  the  cardiac  plexus. 

The  Anterior  Bronchial  Branches  (rami  bronchiales  anteriores;  anterior  or  ventral 
pulmonary  branches),  two  or  three  in  number,  and  of  small  size,  are  distributed 
on  the  anterior  surface  of  the  root  of  the  lung.  They  join  with  filaments  from  the 
sympathetic,  and  form  the  anterior  pulmonary  plexus. 

The  Posterior  Bronchial  Branches  (rami  bronchiales  posteriores;  posterior  or  dorsal 
pulmonary  branches),  more  numerous  and  larger  than  the  anterior,  are  distributed 
on  the  posterior  surface  of  the  root  of  the  lung;  they  are  joined  by  filaments  from 
the  third  and  fourth  (sometimes  also  from  the  first  and  second)  thoracic  ganglia 
of  the  sympathetic  trunk,  and  form  the  posterior  pulmonary  plexus.  Branches  from 
this  plexus  accompany  the  ramifications  of  the  bronchi  through  the  substance  of 
the  lung. 

The  (Esophageal  Branches  {rami  oesophagei)  are  given  off  both  above  and  below 
the  bronchial  branches;  the  lower  are  numerous  and  larger  than  the  upper.  They 
form,  together  with  the  branches  from  the  opposite  nerve,  the  oasophaireal  plexus. 
From  this  plexus  filaments  are  distributed  to  the  back  of  the  pericardium. 

The  Gastric  Branches  {rami  gastrici)  are  distributed  to  the  stomach.  The  right 
vagus  forms  the  posterior  gastric  plexus  on  the  postero-inf erior  surface  of  the  stomach 
and  the  left  the  anterior  gastric  plexus  on  the  antero-superior  surface. 

The  Ccsliac  Branches  {rami  coeliaci)  are  mainly  derived  from  the  right  vagus:  they 
join  the  coeliac  plexus  and  through  it  supply  branches  to  the  pancreas,  spleen, 
kidneys,  suprarenal  bodies,  and  intestine. 

The  Hepatic  Branches  {rami  hepatici)  arise  from  the  left  vagus :  they  join  the  hepatic 
plexus  and  through  it  are  conveyed  to  the  liver. 

Applied  Anatomy. — The  trunk  of  the  vagus  is  rarely  injured,  but  the  functions  of  the  nerve 
may  be  interfered  with  by  damage  to  its  nucleus  of  origin  in  the  medulla;  by  thickening  or  growth 
from  the  meninges  or  bones,  or  aneurism  of  the  basilar  artery,  before  its  exit  from  the  skull; 
injuries  such  as  gunshot  or  punctured  woimds  in  the  neck,  or  injuries  during  such  operations 
as  ligature  of  the  carotid  artery,  removal  of  tuberculous  glands  or  other  deepnseated  tiunors. 
The  vagus  may  also  be  compressed  by  aneurisms  of  the  carotid  artery,  and  its  deep  origin  becomes 
affected  in  bulbar  paralysis.  The  symptoms  produced  by  paralysis  of  the  nerve  are  palpitation, 
with  increased  frequency  of  the  pulse,  constant  vomiting,  slowing  of  the  respiration,  and  a  sensa- 
tion  of  suffocation. 

"Reflexes''  on  the  branches  of  the  vagus  are  not  at  all  uncommonly  met  with.  The  ''ear 
cough"  is  perhaps  one  of  the  commonest,  where  a  plug  of  wax  in  the  acoustic  meatus  may  by 
irritating  the  filaments  of  the  auricular  (Arnold's)  nerve  be  responsible  for  a  persistent  cough. 
Sjrringinig  the  external  acoustic  meatus  frequently  produces  cough,  and,  in  children,  vomiting 
is  not  imcommon  as  the  result  of  such  a  procedure;  moreover,  in  people  with  weak  hearts,  syringing 
the  ear  has  been  responsible  for  a  sudden  fatal  sjmcope,  by  reflex  irritation  of  the  cardiac  branches. 
Another  very  common  example  is  the  persistent  cough  which  is  frequently  due  to  enlarged 
bronchial  glands  in  children,  the  irritation  of  which  is  referred  to  the  superior  laryngeal  filaments. 

The  anatomy  of  the  laryngeal  nerves  is  of  importance  in  considering  some  of  the  morbid  condi- 
tions of  the  larynx.  When  the  peripheral  terminations  of  the  superior  laryngeal  nerve  are  irri- 
tated by  some  foreign  body  passing  over  them,  reflex  spasm  of  the  glottis  is  the  result.  When 
its  trunk  is  pressed  upon  by,  for  instance,  a  goitre  or  an  aneurism  of  the  upper  part  of  the  carotid, 
there  is  a  peculiar  dry,  brassy  cough.  When  the  nerve  is  paralyzed,  there  is  anesthesia  of  the 
mucous  membrane  of  the  larynx,  so  that  foreign  bodies  can  readily  enter  the  cavity,  and,  as  the 
nerve  also  supplies  the  Cricoth3rreoideus  muscle,  the  vocal  folds  cannot  be  made  tense,  and  the 
voice  is  deep  and  hoarse.  Paralysis  may  be  the  result  of  bulbar  paralysis;  may  be  a  sequel  to 
diphtheria,  when  both  nerves  are  usually  involved;  or  it  may,  though  less  commonly,  be  caused 
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by  the  pressure  of  tumors  or  aneurisms,  when  the  paralysis  is  generally  unilateral.  Imtation  of 
the  recurrent  nerves  produces  spasm  of  the  muscles  of  the  larynx.  When  both  recurrent  oervH 
are  paralyzed,  the  vocal  folds  are  motionless,  in  the  so-called  "cadaveric  positicm" — that  is  to 
say,  in  the  position  in  which  they  are  found  in  ordinary  tranquil  respiration;  neither  closed  ti 
in  phonation,  nor  open  as  in  deep  inapiratory  efiorU.  When  one  recurrent  nerve  is  pualytcd, 
the  vocal  fold  of  the  same  side  is  motionleea,  while  the  opposite  one  crosses  the  middle  lin^  to 
accommodate  iUelf  to  the  affected  one;  hence  phonation  is  possible,  but  the  voice  is  altered  aad 
weak  in  timbre.  The  nerves  may  be  paralyzed  in  bulbar  paralysis  or  after  diphtheria,  when  tbe 
paralysis  usually  afTects  both  sides;  or  they  may  be  affected  by  the  pressure  of  aneurisms  of  tbe 
aorta,  innominate,  or  subclavian  arteries;  by  mediastinal  tumors;  by  );ummata;  or  by  cancer 
of  the  upper  part  of  the  (Esophagus,  when  the  paralysis  ia  often  unilateral.  Paralysis  of  the 
adductor  muscles  of  the  larynx  on  both  sides  is  quit«  common,  and  is  usually  functional  in  nature. 
The  voice  is  reduced  to  a  whisper,  but  the  power  of  coughing  b  preserved. 


T9G.— HypoflooaL  ni 


THE  ACCESSOBT  NERTE  (N.  ACCESSOBIUS;  ELEVENTH  NEBTE; 
SPINAL  ACCESSORY  NERVE)   {Figs.  793,  794,  795). 

The  accessorr  nerve  consists  of  two  parts:  a  cerebral  and  a  spinkl. 

The  cerebral  part  (ramvs  intermis;  accessory  [mrtion)  is  the  smaller  of  the  two. 
Its  fibres  arise  from  the  cells  of  the  nocleua  ambi^oa  and  emerge  as  four  or  five 
delicate  rootlets  from  the  side  of  the  medulla  oblongata,  below  the  roots  of  the 
vagus.  It  runs  latcralward  to  the  jugurar  foramen,  where  it  interchanges  fibres 
with  the  spinal  portion  or  becomes  united  to  it  for  a  short  distance;  here  it  is  also 
connected  by  one  or  two  filaments  with  the  jugular  ganglion  of  the  vagus.    It 
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then,  passes  through  the  jugular  foramen,  separates  from  the  spinal  portion  and 
is  continued  over  the  surface  of  the  ganglion  nodosum  of  the  vagus,  to  the  surface  of 
which  it  is  adherent,  and  is  distributed  principally  to  the  pharyngeal  and  superior 
laryngeal  branches  of  the  vagus.  Through  the  pharyngeal  branch  it  probably  sup- 
plies the  Musculus  uvulae  and  Levator  veli  palatini.  Some  few  filaments  from  it 
are  continued  into  the  trunk  of  the  vagus  below  the  ganglion,  to  be  distributed  with 
the  recurrent  nerve  and  probably  also  with  the  cardiac  nerves. 

The  spinal  part  {rarrms  extemus;  syinal  portion)  is  firm  in  texture,  and  its  fibres 
arise  from  the  motor  cells  in  the  lateral  part  of  the  anterior  column  of  the  gray  sub- 
stance of  the  medulla  spinalis  as  low  as  the  fifth  cervical  nerve.  Passing  through  the 
lateral  funiculus  of  the  medulla  spinalis,  they  emerge  on  its  surface  and  unite  to 
form  a  single  trunk,  which  ascends  between  the  ligamentum  denticulatum  and  the 
posterior  roots  of  the  spinal  nerves,  enters  the  skull  through  the  foramen  magnum, 
and  is  then  directed  to  the  jugular  foramen,  through  which  it  passes,  lying  in  the 
same  sheath  of  dura  mater  as  the  vagus,  bat  separated  from  it  by  a  fold  of  the 
arachnoid.  In  the  jugular  foramen,  it  receives  one  or  two  filaments  from  the  cere- 
bral part  of  the  nerve,  or  else  joins  it  for  a  short  distance  and  then  separates  from 
it  again.  At  its  exit  from  the  jugular  foramen,  it  runs  backward  in  front  of  the 
internal  jugular  vein  in  66,6  per  cent,  of  cases,  and  behind  in  it  33.3  per  cent. 
(Tandler).  The  nerve  then  descends  obliquely  behind  the  Digastricus  and  Stylo- 
hyoideus  to  the  upper  part  of  the  Stemocleidomastoideus;  it  pierces  this  muscle, 
and  courses  obliquely  across  the  posterior  triangle  of  the  neck,  to  end  in  the  deep 
surface  of  the  Trapezius.  As  it  traverses  the  Stemocleidomastoideus  it  gives  several 
filaments  to  the  muscle,  and  joins  with  branches  from  the  second  cervical  nerve. 
In  the  posterior  triangle  it  unites  with  the  second  and  third  cervical  nerves,  while 
beneath  the  Trapezius  it  forms  a  plexus  with  the  third  and  fourth  cervical  nerves, 
and  from  this  plexus  fibres  are  distributed  to  the  muscle. 

Applied  Anatomy. — The  functions  of  the  accessory  nerve  may  be  interfered  with  either  by 
central  changes;  or  at  its  exit  from  the  skull,  by  fractures  running  across  the  jugular  foramen; 
or  in  the  neck,  by  inflamed  l3rmph  glands,  etc.  The  acut«  wry-neck  in  children  is  most  commonly 
due  to  inflamed  or  suppurating  glands,  and  rapidly  subsides  with  appropriate  treatment.  Central 
irritation  causes  clonic  spasm  of  the  Stemocleidomastoideus  and  Trapezius  muscles,  or,  as  it  is 
termed,  spasmodic  torticoUis.  In  cases  of  this  affection  in  which  all  previous  palliative  treat- 
ment has  failed,  and  the  spasms  are  so  severe  as  to  imdermine  the  patient's  health,  division  or 
excision  of  a  portion  of  the  accessory  nerve  has  been  resorted  to.  This  must  be  done  from  the 
anterior  border  of  the  Stemocleidomastoideus.  The  operation  consists  in  making  an  incision, 
8  cm.  in  length,  from  the  apex  of  the  mastoid  process  along  the  anterior  border  of  the  muscle, 
which  is  defined  and  pulled  backward,  so  as  to  stretch  the  nerve,  which  is  then  to  be  sought  for 
beneath  the  Digastricus,  about  5  cm.  below  the  apex  of  the  mastoid  process.  Unfortimately, 
the  operation  does  not  yield  a  satisfactory  or  permanent  cure,  as  the  spasms  tend  to  recur  after 
an  interval,  either  in  the  same  muscles  or  in  other  groups  of  neck  muscles. 

In  cases  where  extensive  dissections  are  imdertaken  for  enlarged  glands  in  the  neck,  it  is  essential 
that  this  nerve  should  be  at  once  sought  for  and  isolated  from  the  mass  of  inflamed  glands  so  as 
to  maintain  its  continuity. 

THE  HYPOGLOSSAL  NERVE  (N.  HTPOQLOSSUS;  TWELFTH  NERVE) 

(Figs.  795,  796). 

The  hypoglossal  nerve  is  the  motor  nerve  of  the  tongue. 

Its  fibres  arise  from  the  cells  of  the  hypoglossal  nucleus,  which  is  an  upward 
prolongation  of  the  base  of  the  anterior  column  of  gray  substance  of  the  medulla 
spinalis.  This  nucleus  is  about  2  cm.  in  length,  and  its  upper  part  corresponds 
with  the  trigonmn  hypoglossi,  or  lower  portion  of  the  medial  eminence  of  the  rhom- 
boid fossa  (page  848).  The  lower  part  of  the  nucleus  extends  downward  into  the 
closed  part  of  the  medulla  oblongata,  and  there  lies  in  relation  to  the  ventro-lateral 
aspect  of  the  central  canal.  The  fibres  run  forward  through  the  medulla  oblongata, 
and  emerge  in  the|  antero-lateral  sulcus  between  the  pyramid  and  the  olive. 
60  . 
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The  rootlets  of  this  nerve  are  collected  into  two  bundles,  which  perforate  the 
dura  mater  separately,  opposite  the  hypoglossal  canal  in  the  occipital  bone,  and 
unite  together  after  their  passage  through  it;  in  some  cases  the  canal  is  divided 
into  two  by  a  small  bony  spicide.  The  nerve  descends  almost  vertically  to  a  point 
corresponding  with  the  angle  of  the  mandible.  It  is  at  first  deeply  seated  beneath 
the  internal  carotid  artery  and  internal  jugular  vein,  and  intimately  connected  with 
the  vagus  nerve;  it  then  passes  forward  between  the  vein  and  artery,  and  lower 
down  in  the  neck  becomes  superficial  below  the  Digastricus.    The  nerve  then  loops 


To  Sympathetic 


To  Dura  nialer 


To  Ganglion  nodosum  of  vagus 


Hypoi  'isaal  nerve 


■Branch  from  first  cervical 
to  hypoglossal 


TO  SUPERIOR  BELLY  OF  OMOHYOIDEUS 


TO  STERN0HY0IDEU8 

TO  STERNOTHYREOIDEU8 
TO  INFERIOR  BELLY  OF  OMOHYOIDEUS 


FiQ.  796. — Plan  of  hypoglossal  nerve. 


around  the  occipital  artery,  and  crosses  the  external  carotid  and  lingual  arteries 
below  the  tendon  of  tjie  Digastricus.  It  passes  beneath  the  tendon  of  the  Digas- 
tricus, the  Stylohyoideus,  and  the  Mylohyoideus,  lying  between  the  last-named 
muscle  and  the  Hyoglossus,  and  communicates  at  the  anterior  border  of  the  Hyo- 
glossus  with  the  lingual  nerve;  it  is  then  cpntinued  forward  in  the  fibres  of  the 
Genioglossus  as  far  as  the  tip  of  the  tongue,  distributing  branches  to  its  niuscular 
substance. 
Branches  of  Commimication. — Its.  branches  of  communication  are,  with  the 


Vagus. 
Sympathetic. 


First  and  second  cervical  nerves. 
Lingual. 


The  communications  with  the  vagus  take  place  close  to  the  skull,  numerous 
£laments  passing  between  the  hj'poglossal  and  the  ganglion  nodosum  of  the  vagus 
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lilt  ittirr*-  25  I'^iK^i  tv  *  ^  I.— *f^T  .3rrlvr*i  fr:c3  T-T!*-  j:»:i7  f^tn^^'^iiuir  "LTK'  £t^  aii3 
r^'''^z  ^•er^iau!  nerves^ 

Tut  ^*-r-— -T- v-fc-Vi-^.;.  ^li  tbe  iizuTniJ  tike  pL&oe  near  ":}je  ir-Ten:ir  K^eder  of  ihe 
E;  .ip.rrs::^  ty  ruraerv-iis  f^&iDenis  vi-i:i  asc^end  iiivc:  trie  mufcie, 

kiBEkK  fli  DBtobaSHB. — The  rcanciifs  cc  di>c^r»TrDM:  rf  ibe  hTxwD:»f55yLl  Der\^ 


•>*  TZifre  braiicies,  the  iDeiiir;£«d,  oes-cieDdiiix:.  Th>-Tv»hyoid,  jmd  the  musMT-uiir 
rr^  T.:  tjje  Ge^iyr»>ieu5,  are  prc«l*aii:y  denved  mainly  ii\>m  the  hraixii  wtich 
:it-i*e?  trrn  the  k<»p  berireen  the  first  and  seec^nd  cemrical  to  >>:ii  the  h>7v^i>ssjd 
F^.  7>:.  . 

Menn^fnl  Wnrnt^ba  iwrjj  r/^a^!-^??*^^  . — ^As  the  h^-Jx>c^«ss»l  Derxie  ]>*5?f«s  thn>uiA 
•^  iypcocfssaj  camal  it  gives  o?,  accc»rdiii^  to  LoschkjL  se'v^erd  filiiments  to  the 
i-Th  raaT«r  in  the  pctsteric*-  fctssa  of  the  skull. 

Tiie Dtaeeadmf  Saons  na '^ :*jf  ir^rr^iriw:  A:«>r»iJ^*s^  fc t:v#C/<\w  . loac and dender, 
^■-Ji5  iLe  h.'-pctdossal  where  it  turns  ai>L>UDd  the  occipital  arter^'  and  desoentls  in 
fr  .Lt  of  cc  in  the  sheath  <rf  the  cancvtid  vesds:  it  gi\'es  a  branch  to  the  superiiv 
it^^T  c •:  the  Omohyoideus,  and  then  joins  the  communicantes  cerxTcales  from  the 
^MCti  aai  liird  cer\Tcal  nerxes:  just  below  the  middle  of  the  neck,  to  form  a  loop, 
tiie  aaia  ^jya^oan.  From  the  convexity  of  this  lix>p  branches  pa^  to  suppl\^ 
tirf-  .i^tjeTDobyoSdeus,  the  Stemothyieoideus,  and  the  inferior  belly  of  the  Omo- 
r;  •-.►ii^'js-  Accwding  to  Arnold,  another  filament  descends  in  front  of  the  vessels 
iirj.'  xiat  th<:»rax,  and  joins  the  cardiac  and  phitenic  nerxnes, 

Tiifr  Tkyrakftrid  Branch  -ravms  ihi/rtC'hy'?iJrujf'^  arisen  from  the  h>7K>glo$sal  near 
The  pcisierior  border  of  the  hyodossus;  it  runs  obliqudy  across  the  greater  conm 
f4  the  hyoid  bone,  and  supjJies  the  ThxTeohyoideus  muscle. 

The  IfaKolar  BtaKhes  are  distributed  to  the  Stylc^ossus,  Hyoglossus,  Geniiv 
i-yc-kieus,  and  Genioglossus.  At  the  under  surface  of  the  tongue  numerous  slender 
braijiies  pass  upward  into  the  substance  of  the  organ  to  supply  its  intrinsic  muscles. 


r, — ^The  hypoglossal  nerve  is  &d  impcfftant  |[ukie  kq  the  opo^itioii  of  ti^ature 
if  tbe  ]:"vrni]  artery  isee  p.  632  .  It  runs  fc^watfvl  on  the  Hyoglogsus  just  above  the  fcreater 
"v^::  ctf  the  hy<»d  bone,  and  forms  the  upper  boundary  of  the  triangular  space  in  which  the 
^n«rv  is  to  be  sought  for  by  cutting  through  the  fibres  of  the  Hyoglossus.  In  cases  where  the 
it^T^e  is  invc^ved  by  gumma  or  new  growth  of  the  base  of  the  skuU.  or  where  it  has  been  injured 
:a  coe  Side  of  the  neck,  or  in  scune  cases  of  bulbar  paralj-sis,  unilateral  paralysis,  together  with 
i*=^iitrophy  of  the  tongue,  results;  the  tongue,  when  protruded,  being  directed  to  the  paralysed 
sjie  owing  to  the  unopposed  action  of  the  Genioglossus  of  the  <^»posite  side.  On  retraction,  the 
wa£:ud  and  paralysed  side  of  the  tongue  rises  up  higher  than  the  other.  The  larynx  ma^'  de\nate 
yjward  the  sound  side  on  swallowing,  from  the  unilateral  paralysis  of  the  depressors  of  the  hyoid 
tK»e.  If  the  paralysis  is  bilateral,  the  tongue  lies  motionless  in  the  mouth,  while  articulation 
and  mastication  are  much  interfered  with. 

THE  SPINAL  NERVES  (NEBVI  SPDMLES). 

The  spnul  nerres  spring  from  the  medulla  spinalis,  and  are  transmitted  through 
the  inten'ertebral  foramina.  They  number  thirty-one  pairs,  which  are  grouped 
as  follows:   Cervical,  8;  Thoracic,  12;  Lumbar,  5;  Sacral,  5;  Coccygeal,  1.  [ 

The  first  cemcal  nerve  emerges  from  the  vertebral  canal  between  the  occipital 
bone  and  the  atlas,  and  is  therefore  called  the  suboccipital  nerve;  the  eighth  issues 
between  the  seventh  cervncal  and  iSrst  thoracic  vertebrae. 
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Neire  Roots.— Each  nerve  is  attached  to  the  medulla  spinalis  by  two  roots, 
an  anterior  or  reatral,  and  a  posteiior  or  doisal,  the  latter  being  characterized  by 
the  presence  of  a  ganglion,  the  spinal  ganglion. 

The  Anterior  Soot  (radix  anterior;  zentral  root)  emerges  from  the  anterior  surface 
of  the  medulla  spinalis  as  a  number  of  rootlets  or  filaments  {fila  radicvtaria), 
which  coalesce  to  form  two  bundles  near  the  intervertebral  foramen. 

The  Posterior  Root  {radix  posterior;  dorsal  root)  is  larger  than  the  anterior  owing 
to  the  greater  size  and  number  of  its  rootlets;  these  are  attached  along  the  postero- 
lateral furrow  of  the  medulla  spinalis  and  unite  to  form  two  bundles  which  join 
the  spinal  ganglion.  The  posterior  root  of  the  first  cervical  nerve  is  exceptional 
in  that  it  is  smaller  than  the  anterior;  it  is  occasionally  wanting. 


Yealral  aspect 

Fjo.  7B7.- 


The  Spinal  Oanflia  (ganglion  spinale)  are  collections  of  nerve  cells  on  the  posterior 
roots  of  the  spinal  nerves.  Each  ganglion  is  o\al  in  shape,  reddish  in  color,  ami 
its  size  bears  a  proportion  to  that  of  the  nerve  root  on  which  it  is  situated ;  it  is 
bifid  medially  where  it  is  joined  by  the  two  bundles  of  the  posterior  nerve  root. 
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The  ganglia  are  usually  placed  in  the  intervertebral  foramina,  immediately  outside 
the  points  where  the  nerve  roots  perforate  the  dura  mater,  but  there  are  exceptions 
to  this  rule;  thus  the  ganglia  of  the  first  and  second  cervical  nerves  lie  on  the  verte- 
bral arches  of  the  atlas  and  axis  respectively,  those  of  the  sacral  nerves  are  inside 
the  vertebral  canal,  while  that  on  the  posterior  root  of  the  coccygeal  nerve  is  placed 
within  the  sheath  of  dura  mater. 

Stroetare  (Fig.  679). — The  ganglia  consist  chiefly  of  unipolar  nerve  cells,  and  from  these  the 
fibres  of  the  posterior  root  take  origin — the  single  process  of  each  cell  dividing  after  a  short  course 
into  a  central  fibre  which  enters  the  medulla  spinah's  and  a  peripheral  fibre  which  runs  into  the 
spinal  nerve.  Two  other  forms  of  cells  are,  however,  present,  viz. :  (a)  the  cells  of  Dogiel,  whose 
axons  ramify  close  to  the  cell  (type  II,  of  Golgi),  and  are  distributed  entirely  within  the  ganglion; 
and  (h)  multipolar  cells  similar  to  those  found  in  the  sympathetic  ganglia. 

The  ganglia  of  the  first  cervical  nerve  may  be  absent,  while  small  aberrant  ganglia  consisting 
of  groups  of  nerve  cells  are  sometimes  found  on  the  posterior  roots  between  the  spinal  ganglia 
and  the  medulla  spinalis. 

Each  nerve  root  receives  a  covering  from  the  pia  mater,  and  is  loosely  invested 
by  the  arachnoid,  the  latter  being  prolonged  as  far  as  the  points  where  the  roots 
pierce  fhe  dura  mater.  The  two  roots  pierce  the  dura  mater  separately,  each  receiv- 
ing a  sheath  from  this  membrane;  where  the  roots  join  to  form  the  spinal  nerve 
this  sheath  is  continuous  with  the  epineurium  of  the  nerve. 

Size  and  Direction. — ^The  roots  of  the  upper  four  cervical  nerv^es  are  small,  those 
of  the  lower  four  are  large.  The  posterior  roots  of  the  cervical  nerves  bear  a  pro- 
portion to  the  anterior  of  three  to  one,  which  is  greater  than  in  the  other  regions; 
their  individual  filaments  are  also  larger  than  those  of  the  anterior  roots.  The 
posterior  root  of  the  first  cervical  is  an  exception  to  this  rule,  being  smaller  than 
the  anterior  root;  in  eight  per  cent,  of  cases  it  is  wanting.  The  roots  of  the  first 
and  second  cervical  nerves  are  short,  and  run  nearly  horizontally  to  their  points 
of  exit  from  the  vertebral  canal.  From  the  second  to  the  eighth  cervical  they  are 
directed  obliquely  downward,  the  obliquity  and  length  of  the  roots  successively 
increasing;  the  distance,  however,  between  the  level  of  attachment  of  any  of  these 
roots  to  the  medulla  spinalis  and  the  points  of  exit  of  the  corresponding  nerves 
never  exceeds  the  depth  of  one  vertebra. 

The  roots  of  the  thoracic  nerves,  with  the  exception  of  the  first,  are  of  small 
size,  and  the  posterior  only  slightly  exceed  the  anterior  in  thickness.  They  increase 
successively  in  length,  from  above  downward,  and  in  the  lower  part  of  the  thoracic 
region  descend  in  contact  with  the  medulla  spinalis  for  a  distance  equal  to  the  height 
of  at  least  two  vertebrae  before  they  emerge  from  the  vertebral  canal. 

The  roots  of  the  lower  lumbar  and  upper  sacral  nerves  are  the  largest,  and  their 
individual  filaments  the  most  numerous  of  all  the  spinal  nerves,  while  the  roots 
of  the  coccygeal  nerve  are  the  smallest. 

The  roots  of  the  lumbar,  sacral,  and  coccygeal  nerves  run  vertically  downward 
to  their  respective  exits,  and  as  the  medulla  spinalis  ends  near  the  lower  border 
of  the  first  lumbar  vertebra  it  follows  that  the  length  of  the  successive  roots  must 
rapidly  increase.  As  already  mentioned  (page  806),  the  term  cauda  equina  is  applied 
to  this  collection  of  nerve  roots. 

From  the  description  given  it  will  be  seen  that  the  largest  nerve  roots,  and 
consequently  the  largest  spinal  nerves,  are  attached  to  the  cervical  and  lumbar 
swellings  of  the  medulla  spinalis;  these  nerves  are  distributed  to  the  upper  and 
lower  limbs. 

Connections  with  Sympathetic. — Immediately  beyond  the  spinal  ganglion,  the 
anterior  and  posterior  nerve  roots  unite  to  form  the  spinal  nerve  which  emerges 
through  the  intervertebral  foramen.  Each  spinal  nerve  receives  a  branch  (gray 
ramus  commmiicans)  from  the  adjacent  ganglion  of  the  sympathetic  trunk,  while 
the  thoracic,  and  the  first  and  second  lumbar  nerves  each  contribute  a  branch 
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(vhite  ramm  commuiucaiis)  to  the  adjoining  sympathetic  ganglion.  The  second, 
third,  and  fourth  sacral  nerves  also  supply  white  rami;  these,  however,  are  not 
connected  with  the  ganglia  of  the  sympathetic  trunk,  but  run  directly  into  the 
pelvic  plexuses  of  the  sympathetic, 

BtractoiA. — Each  typical  spinal  nerve  contains  fibres  belonging  to  two  aysteros,  vii.,  tlie 
somatic,  and  the  aympatlMtic  or  aplancluiic,  as  well  as  fibres  conoecting  these  ^^ema  witb  esch 
other  (Fig.  798). 

1.  The  somatic  flbros  are  efferent  and  afferent.  The  efferent  fibreM  originate  in  the  cells  of  tlie 
anterior  colmnn  of  the  medulla  spinalis,  and  run  outward  through  the  anterior  nerve  roots  to  the 
spinal  nerve.  They  convey  impulses  to  the  voluntary  muscles,  and  are  continuous  from  tkir 
origin  to  their  peripheral  distribution.  The  afferent  fibres  convey  impressions  inward  from  Die 
akin,  etc.,  and  originate  in  the  unipolar  nerve  cells  <^  the  spinal  ganglia.  The  single  proceese« 
of  these  cells  divide  into  peripheral  and  central  fibres,  and  the  latter  enter  the  medulla  spinab 
through  the  posterior  nerve  roots. 


Splaoehnic  lifereDt. 


2.  Bomstis  ■ffemnt.    3, 4.  S. 


2.  The  armpatbetic  fibrea  are  also  efferent  and  afferent.  The  efferent  fibres  originate  in  thf 
lateral  column  of  the  medulla  spinalis,  and  are  conveyed  through  the  anterior  nen-e  root  and  the 
white  ramus  communieans  to  the  corresponding  ganglion  of  the  sympathetic  trunk;  here  they 
may  end  by  formii^  synapsse  around  its  cells,  or  may  run  through  the  ganglion  to  end  in  another 
of  Uie  ganglia  of  the  sympathetic  trunk,  or  in  a  more  distaily  placed  ganglion  in  one  of  the  sympa- 
thetic plexuses.  In  all  cases  they  end  by  foiming  synapses  around  other  nerve  cells.  Frcnn  the 
cells  of  the  ganglia  of  the  sympathetic  trunk  other  fibres  take  origin;  some  of  these  run  through 
the  gray  rami  communicantes  to  join  the  spinal  nerves,  along  which  they  are  carried  to  the  blood- 
vessels of  the  trunk  and  limbs,  while  others  pass  to  the  viscera,  either  directly  or  after  interrup- 
tion in  one  of  the  distal  ganglia.  The  afferent  fibres  are  derived  p8rt.ly  from  the  unipolar  cells 
and  partly  from  the  multipolar  cells  of  the  spinal  ganglia.  Their  peripheral  proeessea  are  canned 
through  the  white  rami  communicantes,  and  after  passing  through  one  or  more  sympathetic 
ganglia  (but  always  without  interruption  in  them)  finally  end  in  the  tissues  of  the  viscera.  The 
central  processes  of  the  unipolar  cells  enter  the  medulla  spinalis  through  the  posterior  nerve 
root  and  form  synapses  around  either  somatic  or  sympathetic  efferent  neurons,  thus  completing 
reflex  arcs.  The  dendrites  of  the  multipolar  ne^^■e  cells  form  synapses  around  the  cells  of  type 
II  (cells  of  Dogiel)  in  the  spinal  ganglia,  and  by  this  path  the  original  impulse  is  transferred  from 
the  sympathetic  to  the  somatic  system,  throu^  which  it  is  conveyed  to 
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Diyisions. — After  emerging  from  the  intervertebral  foramen,  each  spinal  nerve 
gives  off  a  small  meningeal  branch  which  reenters  the  vertebral  canal  through  the 
intervertebral  foramen  and  supplies  the  vertebrae  and  their  ligaments,  and  the 
bloodvessels  of  the  medulla  spinalis  and  its  membranes.  The  spinal  nerve  then 
splits  into  a  posterior  or  dorsid,  and  an  anterior  or  ventral  division,  each  receiving 
fibres  from  both  nerve  roots. 

POSTERIOR  DIVISIONS  OF  THE  SPINAL  NERVES  (RAMI  POSTERIORES). 

The  posterior  divisions  are  as  a  rule  smaller  than  the  anterior.  They  are  directed 
backward,  and,  with  the  exceptions  of  those  of  the  first  cervical,  the  fourth  and 
fifth  sacral,  and  the  coccygeal,  divide  into  medial  and  lateral  branches  for  the  supply 
of  the  muscles  and  skin  (Figs.  799,  800)  of  the  posterior  part  of  the  trunk. 

The  Cervical  Nerves  (Nn.  Cervicales). 

The  posterior  division  of  the  first  cervical  or  suboccipital  nerve  is  larger  than 
the  anterior  division,  and  emerges  above  the  posterior  arch  of  the  atlas  and  beneath 
the  vertebral  artery.  It  enters  the  suboccipital  triangle  and  supplies  the  muscles 
which  bound  this  triangle,  viz.,  the  Rectus  capitis  posterior  major,  and  the  Obliqui 
superior  and  inferior;  it  gives  branches  also  to  the  Rectus  capitis  posterior  minor 
and  the  Semispinalis  capitis.  A  filament  from  the  branch  to  the  Obliquus  inferior 
joins  the  posterior  division  of  the  second  cervical  nerve. 

The  nerve  occasionally  gives  off  a  cutaneous  branch  which  accompanies  the  occipital  artery 
to  the  scalp,  and  communicates  with  the  greater  and  lesser  occipital  nerves. 

The  posterior  division  of  the  second  cervical  nerve  is  much  larger  than  the 
anterior  division,  and  is  the  greatest  of  all  the  cervical  posterior  divisions.  It 
emerges  between  the  posterior  arch  of  the  atlas  and  the  lamina  of  the  axis,  below 
the  Obliquus  inferior.  It  supplies  a  twig  to  this  muscle,  receives  a  communicating 
filament  from  the  posterior  division  of  the  first  cervical,  and  then  divides  into  a 
large  medial  and  a  small  lateral  branch. 

The  medial  branch  (ramus  medialis;  internal  branch),  called  from  its  size  and 
distribution  the  greater  occipital  nerve  (n.  occipitalis  major;  great  occipital  nerve), 
ascends  obliquely  between  the  Obliquus  inferior  and  the  Semispinalis  capitis,  and 
pierces  the  latter  muscle  and  the  Trapezius  near  their  attachments  to  the  occipital 
bone  (Fig.  799).  It  is  then  joined  by  a  filament  from  the  medial  branch  of  the 
posterior  division  of  the  third  cervical,  and,  ascending  on  the  back  of  the  head 
with  the  occipital  artery,  divides  into  branches  which  communicate  with  the  lesser 
occipital  nerve  and  supply  the  skin  of  the  scalp  as  far  forward  as  the  vertex  of  the 
skull.  It  gives  off  muscular  branches  to  the  Semispinalis  capitis,  and  occasionally 
a  twig  to  the  back  of  the  auricula.  The  lateral  branch  (ramus  lateralis;  external 
branch)  supplies  filaments  to  the  Splenius,  Longus  capitis,  and  Semispinalis  capitis, 
and  is  often  joined  by  the  corresponding  branch  of  the  third  cervical. 

The  posterior  division  of  the  third  cervical  is  intermediate  in  size  between  those 
of  the  second  and  fourth.  Its  medial  branch  runs  between  the  Semispinalis  capitis 
and  cervicis,  and,  piercing  the  Splenius  and  Trapezius,  ends  in  the  skin.  While 
under  the  Trapezius  it  gives  off  a  branch  called  the  third  occipital  nerve,  which  pierces 
the  Trapezius  and  ends  in  the  skin  of  the  lower  part  of  the  back  of  the  head  (Fig. 
799).  It  lies  medial  to  the  greater  occipital  and  communicates  with  it.  The 
lateral  branch  often  joins  that  of  the  second  cervical. 

The  posterior  division  of  the  suboccipital,  and  the  medial  branches  of  the  posterior  division 
of  the  second  and  third  cervical  nerves  are  sometimes  joined  by  communicating  loops  to  form 
the  posterior  cervical  plexus  (Cniveilhier). 

The  posterior  divisions  of  the  lower  five  cervical  nerves  divide  into  medial 
and  lateral  branches.    The  medial  branches  of  the  fourth  and  fifth  run  between  the 
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Semispinales  cervicis  and  capitis,  and,  having  reached  the  spinous  processes, 
pierce  the  Splenius  and  Trapezius  to  end  in  the  skin  (Fig,  799).  Sometimes  the 
branch  of  the  fifth  fails  to  reach  the  skin.  Those  of  the  lower  three  nerves  are 
small,  and  end  in  the  Semispinales  cervicis  and  capitis,  IVIultifidus,  and  Inter- 
spinales.  The  lateral  branches  of  the  lower  five  nerves  supply  the  Iliocostalis 
cervicis,  Longissimus  cervicis,  and  Longissimiis  capitis. 


Fio,  799.— Diagnun  of  the  Jiitributioo  of  FlQ.  800.— AfSM  of  dislribuUon  of  the  euUooous  braochw  of  lie 

the    cutaneous    brsnchis    of    tho  poaterior        poiteriordivieians  of  Cbe  sp'o"!  >i°rvfli.      (K.   M.  Johostwi.)     The 

The  Thoracic  Nerves  (Nn.  Thoracales). 

The  medial  branches  {ramus  medialia;  infernal  branch)  of  the  posterior  dinsioos  of 

the  upper  six  thoracic  nerves  run  between  the  li^emispinalls  dorsi  and  Multifidus, 

which  they  supply;  they  then  pierce  the  Rhomboidei  and  Trapezius,  and  reach 

the  skin  by  the  sides  of  the  spinous  processes  (Fig,  799).    The  medial  branches 
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of  the  lower  six  are  distributed  chiefly  to  the  Multifidus  and  Longissimus  dorsi; 
occasionally  they  give  off  filaments  to  the  skin  near  the  middle  line. 

The  lateral  braoebeB  (ramus  lateralis;  external  branch)  increase  in  size  from  above 
downward.  They  run  through  or  beneath  the  Longissimus  dorsi  to  the  interval 
between  it  and  the  lUocostales,  and  supply  these  muscles;  the  lower  five  or  six 
also  give  off  cutaneous  branches  which  pierce  the  Serratus  posterior  inferior  and 
Latissimus  dorsi  in  a  line  with  the  angles  of  the  ribs  (Fig.  799).  The  lateral 
branches  of  a  variable  number  of  the  upper  thoracic  nerves  also  give  filaments 
to  the  skin.  The  lateral  branch  of  the  twelfth  thoracic,  after  sending  a  filament 
medialward  along  the  iliac  crest,  passes  downward  to  the  skin  of  the  buttock. 

The  medial  cutaneous  brancbra  of  tbe  posterior  divisions  of  the  thoracic  nerves  descend  for 
»ome  distance  cloee  to  tbe  spinous  processes  before  reacbing  tbe  skin,  while  the  lateral  branchee 
travel  downward  for  a  considerable  distance — it  may  be  as  much  as  the  breadth  of  four  ribs — 
before  they  become  superficial;  the  branch  from  the  twelflh  thoracic,  for  instaoce,  reaches  the 
skin  only  a  little  way  above  tbe  iliac  crest.' 

The  Lnmbar  Nerves  (No.  Lnmbales). 

The  medial  branches  of  the  posterior  divisions  of  the  lumbar  nerves  run  close  to  the 
articular  processes  of  the  vertebrae  and  end  in  the  Multifidus. 

The  lateial  brandies  supply  the  Sacrospinalis.  The  upper  t^lyye  give-off-tutaneous 
nerves  which  pierce  the  aponeurosis  of  the  Latissimus  dorsi  at  the  lateral  border  of 
the  Sacrospinalis  and  descend  across  the  posterior  part  of  the  iliac  crest  to  the  skin 
of  the  buttock  (Fig.  799),  some  of  their  twigs  running  as  far  as  the  level  of  the 
greater  trochanter. 


The  Sacral  Neires  (Nn.  Sacrales). 

The  posterior  divisions  of  the  sacral  nerres  (rami  jx)steriores)  (Fig.  801)  are 

small,  and  diminish  in  size  from  above  downward;  they  emerge,  except  the  last, 

>  See  article  by  H.  M.  Johnston,  Joucnil  ot  Anatomy  and  PbyaioloEy.  vol.  iliii. 


946 


NEUROLOGY 


The  rootlets  of  this  nerve  are  collected  into  two  bundles,  which  perforate  the 
dura  mater  separately,  opposite  the  hypoglossal- canal  in  the  occipital  bone,  and 
unite  together  after  their  passage  through  it;  in  some  cases  the  canal  is  divided 
into  two  by  a  small  bony  spicule.  The  nerve  descends  almost  vertically  to  a  point 
corresponding  with  the  angle  of  the  mandible.  It  is  at  first  deeply  seated  beneath 
the  internal  carotid  artery  and  internal  jugular  vein,  and  intimately  connected  with 
the  vagus  nerve;  it  then  passes  forward  between  the  vein  and  artery,  and  lower 
down  in  the  neck  becomes  su{)erficial  below  the  Digastricus.    The  nerve  then  loops 


To  Syrtipaihetic 

kC.I 


To  Dura  mater 


To  Ganglion  nodosum  of  vagus 


Hypox  'issal  nerve 


■  Branch  from  first  cervical 
to  hypoglossal 


TO  SUPERIOR  BELLY  OF  OMOHYOIDEUS 


TO  STERNOHYOIDEU8 

TO  STERNOTHYREOIDEUS 
TO  INFERIOR  BELLY  OF  OMOHYOIDEUS 


Fio.  796. — Plan  of  hypoglossal  nerve. 


around  the  occipital  artery,  and  crosses  the  external  carotid  and  lingual  arteries 
below  the  tendon  of  tjie  Digastricus.  It  passes  beneath  the  tendon  of  the  Digas- 
tricus, the  Stylohyoideus,  and  the  Mylohyoideus,  lying  between  the  last-named 
muscle  and  the  Hyoglossus,  and  communicates  at  the  anterior  border  of  the  Hyo- 
glossus  with  the  lingual  nerve;  it  is  then  contmued  forward  in  the  fibres  of  the 
Genioglossus  as  far  as  the  tip  of  the  tongue,  distributing  branches  to  its  muscular 
substance. 
Branches  of  Communication.— Its. branches  of  communication  are,  with  the 


Vagus. 
Sympathetic. 


First  and  second  cervical  nerves. 
Lingual. 


The  communications  with  the  vagus  take  place  close  to  the  skull,  numerous 
filaments  passing  between  the  hypoglossal  and  the  ganglion  nodosum  of  the  vagus 
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through  the  mass  of  connective  tissue  which  unites  the  two  nerves.    As  the  nerve 
winds  around  the  occipital  artery  it  gives  off  a  filament  to  the  pharyngeal  plexus. 

The  communication  with  the  sympathetic  takes  place  opposite  the  atias  by 
branches  derived  from  the  superior  cervical  ganglion,  and  in  the  same  situation 
the  nerve  is  joined  by  a  filament  derived  from  the  loop  connecting  the  first  and 
second  cervical  nerves. 

The  communications  with  the  lingual  take  place  near  the  anterior  border  of  the 
Hyoglossus  by  numerous  filaments  which  ascend  upon  the  muscle. 

Branches  of  Distribution. — ^The  branches  of  distribution  df  the  hypoglossal  nerve 
are: 

Meningeal.  Thyrohyoid. 

Descending.  Muscular. 

Of  these  branches,  the  meningeal,  descending,  thyrohyoid,  and  the  muscular 
twig  to  the  Geniohyoideus,  are  probably  derived  mainly  from  the  branch  which 
passes  from  the  loop  between  the  first  and  second  cervical  to  join  the  hypoglossal 
(Fig.  796). 

Meningeal  Branches  (dural  branches), — As  the  hypoglossal  nerve  passes  through 
the  hypoglossal  canal  it  gives  off,  according  to  Luschka,  several  filaments  to  the 
dura  mater  in  the  posterior  fossa  of  the  skull. 

The  Descending  Ramus  {ramus  descendens;  descendens  hypoglossi),  long  and  slender, 
quits  the  hypoglossal  where  it  turns  around  the  occipital  artery  and  descends  in 
front  of  or  in  the  sheath  of  the  carotid  vessels;  it  gives  a  branch  to  the  superior 
belly  of  the  Omohyoideus,  and  then  joins  the  communicantes  cervicales  from  the 
second  and  third  cervical  nerves;  just  below  the  middle  of  the  neck,  to  form  a  loop, 
the  ansa  hypoglossL  From  the  convexity  of  this  loop  branches  pass  to  supply 
the  Sternohyoideus,  the  Sternothyreoideus,  and  the  inferior  belly  of  the  Omo- 
hyoideus. According  to  Arnold,  another  filament  descends  in  front  of  the  vessels 
into  the  thorax,  and  joins  the  cardiac  and  phrenic  nerves. 

The  Thyrohyoid  Branch  {ramus  thyreohyoideus)  arises  from  the  hypoglossal  near 
the  posterior  border  of  the  hyoglossus;  it  runs  obliquely  across  the  greater  cornu 
of  the  hyoid  bone,  and  supplies  the  Thyreohyoideus  muscle. 

The  Muscular  Branches  are  distributed  to  the  Styloglossus,  Hyoglossus,  Genio- 
hyoideus, and  Genioglossus.  At  the  under  surface  of  the  tongue  numerous  slender 
branches  pass  upward  into  the  substance  of  the  organ  to  supply  its  intrinsic  muscles. 

Ai^tted  Anatomy. — The  hypoglossal  nerve  is  an  important  guide  in  the  operation  of  ligature 
of  the  lingual  artery  (see  p.  632).  It  runs  forward  on  the  Hyoglossus  just  above  the  greater 
cornu  of  the  hyoid  bone,  and  forms  the  upper  boundary  of  the  triangular  space  in  which  the 
artery  is  to  be  sought  for  by  cutting  throu^  the  fibres  of  the  Hyoglossus.  In  cases  where  the 
nerve  is  involved  by  gumma  or  new  growth  of  the  base  of  the  skull,  or  where  it  has  been  injured 
on  one  side  of  the  neck,  or  in  some  cases  of  bulbar  paralysis,  unilateral  paralysis,  together  with 
hemiatrophy  of  the  tongue,  results;  the  tongue,  when  protruded,  being  directed  to  the  paralyzed 
side  owing  to  the  unopposed  action  of  the  Genioglossus  of  the  opposite  side.  On  retraction,  the 
wasted  and  paralyzed  side  of  the  tongue  rises  up  higher  than  the  other.  The  larynx  may  deviate 
toward  the  sound  side  on  swallowing,  from  the  unilateral  paralysis  of  the  depressors  of  the  hyoid 
bone.  If  the  paralysis  is  bilateral,  the  tongue  lies  motionless  in  the  mouth,  while  articulation 
and  mastication  are  much  interfered  with. 

THE  SPINAL  NERVES  (NEBVI  SPINALES). 

The  spinal  nerves  spring  from  the  medulla  spinalis,  and  are  transmitted  through 
the  interY.ertebral  foramina.  They  number  thirty-one  pairs,  which  are  grouped 
as  follows:    Cervical,  8;  Thoracic,  12;  Lumbar,  5;  Sacral,  5;  Coccygeal,  1.  j 

The  first  cerTical  nerre  emerges  from  the  vertebral  canal  between  the  occipital 
bone  and  the  atlas,  and  is  therefore  called  the  suboccipital  nerve;  the  eighth  issues 
between  the  seventh  cervical  and  first  thoracic  vertebrae. 
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Nerve  Roots. — Each  nerve  is  attached  to  the  medulla  spinalis  by  two  roots, 
an  Ulterior  or  ventral,  and  a  posterior  or  dorsal,  the  latter  being  characterized  by 
the  presence  of  a  ganglion,  the  spin&l  ganglioD. 

The  Anterior  Boot  {radix  arderior;  ventral  root)  emerges  from  the  anterior  surface 
of  the  medulla  spinalis  as  a  number  of  rootlets  or  filaments  (JUa  radicularia), 
which  coalesce  to  form  two  bundles  near  the  intervertebral  foramen. 

The  Posterior  Boot  {radix  posterior;  dorsal  root)  is  larger  than  the  anterior  owing 
to  the  greater  size  and  number  of  its  rootlets;  these  are  attached  along  the  postero- 
lateral furrow  of  the  medulla  spinalis  and  unite  to  form  two  bundles  which  join 
the  spinal  ganglion.  The  posterior  root  of  the  first  cervical  nerve  is  exceptional 
in  that  it  is  smaller  than  the  anterior;  it  is  occasionally  wanting. 


Ventral  aapecl 

Fio.  7B7.— DiftributicH 


The  Spinal  Oanglia  {ganglion  apinale)  are  collections  of  nerve  cells  on  the  posterior 
roots  of  the  spinal  nerves.  Each  ganglion  is  oval  in  shape,  reddish  in  color,  anil 
its  size  bears  a  proportion  to  that  of  the  nerve  root  on  which  it  is  situated;  it  is 
bifid  medially  where  it  is  joined  by  the  two  bundles  of  the  posterior  nerve  root. 
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The  ganglia  are  usually  placed  in  the  intervertebral  foramina,  immediately  outside 
the  points  where  the  nerve  roots  perforate  the  dura  mater,  but  there  are  exceptions 
to  this  rule;  thus  the  ganglia  of  the  first  and  second  cervical  nerves  lie  on  the  verte- 
bral arches  of  the  atlas  and  axis  respectively,  those  of  the  sacral  nerves  are  inside 
the  vertebral  canal,  while  that  on  the  posterior  root  of  the  coccygeal  ner\^e  is  placed 
within  the  sheath  of  dura  mater. 

Structure  (Fig.  679). — The  ganglia  consist  chiefly  of  unipolar  nerve  cells,  and  from  these  the 
fibres  of  the  posterior  root  take  origin — the  single  process  of  each  cell  dividing  after  a  short  course 
into  a  central  fibre  which  enters  the  medulla  spinab's  and  a  peripheral  fibre  which  runs  into  the 
spinal  nerve.  Two  other  forms  of  cells  are,  however,  present,  viz. :  (a)  the  cells  of  Dogiel,  whose 
axons  ramify  close  to  the  cell  (type  II,  of  Golgi),  and  are  distributed  entirely  within  the  ganglion; 
and  (&)  multipolar  cells  similar  to  those  found  in  the  sympathetic  ganglia. 

The  ganglia  of  the  first  cervical  nerve  may  be  absent,  while  small  aberrant  ganglia  consisting 
of  groups  of  nerve  cells  are  sometimes  found  on  the  posterior  roots  between  the  spinal  ganglia 
and  the  medulla  spinalis. 

Each  nerve  root  receives  a  covering  from  the  pia  mater,  and  is  loosely  invested 
by  the  arachnoid,  the  latter  being  prolonged  as  far  as  the  points  where  the  roots 
pierce  the  dura  mater.  The  two  roots  pierce  the  dura  mater  separately,  each  receiv- 
ing a  sheath  from  this  membrane;  where  the  roots  join  to  form  the  spinal  nerve 
this  sheath  is  continuous  with  the  epineurium  of  the  nerve. 

Size  and  Direction. — ^The  roots  of  the  upper  four  cervical  nerves  are  small,  those 
of  the  lower  four  are  large.  The  posterior  roots  of  the  cervical  nerves  bear  a  pro- 
portion to  the  anterior  of  three  to  one,  which  is  greater  than  in  the  other  regions; 
their  i]:idividual  filaments  are  also  larger  than  those  of  the  anterior  roots.  The 
posterior  root  of  the  first  cervical  is  an  exception  to  this  rule,  being  smaller  than 
the  anterior  root;  in  eight  per  cent,  of  cases  it  is  wanting.  The  roots  of  the  first 
and  second  cervical  nerves  are  short,  and  run  nearly  horizontally  to  their  points 
of  exit  from  the  vertebral  canal.  From  the  second  to  the  eighth  cervical  they  are 
directed  obliquely  downward,  the  obliquity  and  length  of  the  roots  successively^ 
increasing;  the  distance,  however,  between  the  level  of  attachment  of  any  of  these 
roots  to  the  medulla  spinalis  and  the  points  of  exit  of  the  corresponding  nerves 
never  exceeds  the  depth  of  one  vertebra. 

The  roots  of  the  thoracic  nerves,  with  the  exception  of  the  first,  are  of  small 
size,  and  the  posterior  only  slightly  exceed  the  anterior  in  thickness.  They  increase 
successively  in  length,  from  above  downward,  and  in  the  lower  part  of  the  thoracic 
region  descend  in  contact  with  the  medulla  spinalis  for  a  distance  equal  to  the  height 
of  at  least  two  vertebrae  before  they  emerge  from  the  vertebral  canal. 

The  roots  of  the  lower  lumbar  and  upper  sacral  nerves  are  the  largest,  and  their 
individual  filaments  the  most  numerous  of  all  the  spinal  nerves,  while  the  roots 
of  the  coccygeal  nerve  are  the  smallest. 

The  roots  of  the  lumbar,  sacral,  and  coccygeal  nerves  run  vertically  downward 
to  their  respective  exits,  and  as  the  medulla  spinalis  ends  near  the  lower  border 
of  the  first  lumbar  vertebra  it  follows  that  the  length  of  the  successive  roots  must 
rapidly  increase.  As  already  mentioned  (page  806),  the  term  cauda  equina  is  applied 
to  this  collection  of  nerve  roots. 

From  the  description  given  it  will  be  seen  that  the  largest  nerve  roots,  and 
consequently  the  largest  spinal  nerves,  are  attached  to  the  cervical  and  lumbar 
swellings  of  the  medulla  spinalis;  these  nerves  are  distributed  to  the  upper  and 
lower  limbs. 

Connections  with  Sympathetic. — Immediately  beyond  the  spinal  ganglion,  the 
anterior  and  posterior  nerve  roots  unite  to  form  the  spinal  nerve  which  emerges 
through  the  intervertebral  foramen.  Each  spinal  nerve  receives  a  branch  (gray 
ramus  commmiicans)  from  the  adjacent  ganglion  of  the  sympathetic  trunk,  while 
the  thoracic,  and  the  first  and  second  lumbar  nerves  each  contribute  a  branch 
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(vhite  ramns  c<aiimiiiucaiu)  to  the  adjoining  sympathetic  ganglion.  The  second, 
third,  and  fourth  sacral  nerves  also  supply  white  rami;  these,  however,  are  not 
connected  with  the  ganglia  of  the  sympathetic  trunk,  but  nin  directly  Into  the 

pelvic  plexuses  of  the  sympathetic. 


contaiiu  fibres  belonging  to  two  ayatems,  vi».,  the 
well  as  fibres  connecting  theee  ^^ems  with  e&ch 


Strnctura. — Each  typical  spinal  i 
■oniktie,  and  the  Brmpathstic  o 

other  (Tig,  798). 

1.  The  somatic  flbiOE  are  efferent  and  afferent.  The  efferent  fibres  originate  in  the  cells  of  the 
anterior  column  of  the  medulla  spinahs,  and  run  outward  through  the  anterior  nerve  roots  to  the 
spinal  nerve.  They  convey  impulses  to  the  voluntary  muscles,  and  are  continuous  from  their 
or^jn  to  their  peripheral  distribution.  The  affereni  fibres  convey  impresaionB  inward  from  the 
akin,  etc.,  and  originate  in  the  unipolar  nerve  ceils  of  the  spinal  ganglia.  The  single  processes 
of  these  cells  divide  into  peripheral  and  central  fibres,  and  the  latter  enter  the  medulla  spinalis 
through  the  posterior  nerve  roots. 


FiQ.  TeS, — Seheme  (howina  >*■ 


.    2.  SomiticnaemiC.    3,4 


2.  The  BTmpatlietk  flbies  are  also  efferent  and  afferent.  The  efferenl  fibres  originate  in  the 
lateral  column  of  the  medulla  spinalis,  and  are  conveyed  through  the  anterior  nen'e  root  and  the 
white  ramus  communicans  to  the  corresponding  ganglion  of  the  sympathetic  trunk;  here  they 
may  end  by  forming  synapses  around  its  cells,  or  may  run  through  the  ganglion  to  end  in  another 
of  the  ganglia  of  the  sympathetic  trunk,  or  in  a  more  distally  placed  ganglion  in  one  of  the  sympa- 
thetic plexuses.  In  all  cases  they  end  by  foiming  synapses  around  other  nerve  cells.  From  the 
cells  of  the  ganglia  of  the  sympathetic  trunk  other  fibres  take  origin;  some  of  these  run  through 
the  gray  rami  communicantes  to  join  the  spinal  ncri'ca,  along  which  they  are  carried  to  the  blood- 
vessels of  the  trunk  and  limbs,  while  others  pass  to  the  viscera,  either  directly  or  after  interrup- 
tion in  one  of  the  distal  ganglia.  The  aferent  fibres  are  derived  partly  from  the  unipolar  cells 
and  partly  from  the  multipolar  cells  of  the  spinal  ganglia.  Their  peripheral  processes  are  carried 
through  the  white  rami  communicantes,  and  after  passing  through  one  or  more  sympathetic 
ganglia  (but  always  without  interruption  in  them)  finally  end  in  the  tissues  of  the  viecera.  The 
central  processes  of  the  unipolar  cells  enter  the  medulla  spinalis  through  the  posterior  nerve 
root  and  form  synapses  around  either  somatic  or  sympathetic  efferent  neurons,  thus  completing 
reflex  arcs.  The  dendrites  of  the  multipolar  nerve  cells  form  synapses  around  the  cells  of  type 
II  (cells  of  Dogiel)  in  the  spinal  ganglia,  and  by  this  path  the  original  impulse  is  transferred  from 
the  sympathetic  to  the  somatic  system,  through  which  it  is  conveyed  to  the  sensoriuni. 


THE  CERVICAL  NERVES  951 

Diyisions. — After  emerging  from  the  intervertebral  foramen,  each  spinal  nerve 
gives  off  a  small  meningeal  branch  which  reenters  the  vertebral  canal  through  the 
intervertebral  foramen  and  supplies  the  vertebrae  and  their  ligaments,  and  the 
bloodvessels  of  the  medulla  spinalis  and  its  membranes.  The  spinal  nerve  then 
splits  into  a  posterior  or  dorsal,  and  an  anterior  or  ventral  division,  each  receiving 
fibres  from  both  nerve  roots. 

POSTERIOR  DIVISIONS  OF  THE  SPINAL  NERVES  (RAMI  POSTERIORES). 

The  posterior  divisions  are  as  a  rule  smaller  than  the  anterior.  They  are  directed 
backward,  and,  with  the  exceptions  of  those  of  the  first  cervical,  the  fourth  and 
fifth  sacral,  and  the  coccygeal,  divide  into  medial  and  lateral  branches  for  the  supply 
of  the  muscles  and  skin  (Figs.  799,  800)  of  the  posterior  part  of  the  trunk. 

The  Cervical  Nerves  (Nn.  Cervicales). 

The  posterior  division  of  the  first  cervical  or  suboccipital  nerve  is  larger  than 
the  anterior  division,  and  emerges  above  the  posterior  arch  of  the  atlas  and  beneath 
the  vertebral  artery.  It  enters  the  suboccipital  triangle  and  supplies  the  muscles 
which  bound  this  triangle,  viz.,  the  Rectus  capitis  posterior  major,  and  the  Obliqui 
superior  and  inferior;  it  gives  branches  also  to  the  Rectus  capitis  posterior  minor 
and  the  Semispinalis  capitis.  A  filament  from  the  branch  to  the  Obliquus  inferior 
joins  the  posterior  division  of  the  second  cervical  nerve. 

The  nerve  occasionally  gives  off  a  cutaneous  branch  which  accompanies  the  occipital  artery 
to  the  scalp,  and  communicates  with  the  greater  and  lesser  occipital  nerves. 

The  posterior  division  of  the  second  cervical  nerve  is  much  larger  than  the 
anterior  division,  and  is  the  greatest  of  all  the  cervical  posterior  divisions.  It 
emerges  between  the  posterior  arch  of  the  atlas  and  the  lamina  of  the  axis,  below 
the  Obliquus  inferior.  It  supplies  a  twig  to  this  muscle,  receives  a  conununicating 
filament  from  the  posterior  division  of  the  first  cervical,  and  then  divides  into  a 
large  medial  and  a  small  lateral  branch. 

The  medial  branch  {ramus  medialis;  internal  branch)  y  called  from  its  size  and 
distribution  the  greater  occipital  nerve  (n.  occipitalis  major;  great  occipital  nerve), 
ascends  obliquely  between  the  Obliquus  inferior  and  the  Semispinalis  capitis,  and 
pierces  the  latter  muscle  and  the  Trapezius  near  their  attachments  to  the  occipital 
bone  (Fig.  799).  It  is  then  joined  by  a  filament  from  the  medial  branch  of  the 
posterior  division  of  the  third  cervical,  and,  ascending  on  the  back  of  the  head 
^dth  the  occipital  artery,  divides  into  branches  which  communicate  with  the  lesser 
occipital  nerve  and  supply  the  skin  of  the  scalp  as  far  forward  as  the  vertex  of  the 
skull.  It  gives  off  muscular  branches  to  the  Semispinalis  capitis,  and  occasionally 
a  twig  to  the  back  of  the  auricula.  The  lateral  branch  (ramus  lateralis;  external 
branch)  supplies  filaments  to  the  Splenius,  Longus  capitis,  and  Semispinalis  capitis, 
and  is  often  joined  by  the  corresponding  branch  of  the  third  cervical. 

The  posterior  division  of  the  third  cervical  is  intermediate  in  size  between  those 

of  the  second  and  fourth.    Its  medial  branch  runs  between  the  Semispinalis  capitis 

and  cervicis,  and,  piercing  the  Splenius  and  Trapezius,  ends  in  the  skin.    While 

under  the  Trapezius  it  gives  off  a  branch  called  the  third  occipital  nerve,  which  pierces 

the  Trapezius  and  ends  in  the  skin  of  the  lower  part  of  the  back  of  the  head  (Fig. 

799).     It  lies  medial  to  the  greater  occipital  and  communicates  with  it.    The 

lateral  branch  often  joins  that  of  the  second  cervical. 

The  posterior  division  of  the  suboccipital,  and  the  medial  branches  of  the  posterior  division 
of  the  second  and  third  cervical  nerves  are  sometimes  joined  by  communicating  loops  to  form 
the  posterior  cervical  plexus  (Cruveilhier). 

The  posterior  divisions  of  the  lower  five  cervical  nerves  divide  into  medial 
and  lateral  branches.    The  medial  branches  of  the  fourth  and  fifth  run  between  the 


952  NEUROLOGY 

Semispinales  eervicis  and  capitis,  and,  having  reached  the  spinous  processes! 
pierce  the  Splenius  and  Trapezius  to  end  in  the  skin  (Fig.  799).  Sometimes  the 
branch  of  the  fifth  fails  to  reach  the  skin.  Those  of  the  lower  three  nerves  are 
small,  and  end  in  the  Semispinales  cerv-icis  and  capitis,  Multifidus,  and  Inter- 
spinales.  The  lateral  brancheB  of  the  lower  five  nerves  supply  the  Iliocostalis 
cer\'icis,  Longissimus  eervicis,  and  Longissimus  capitis. 


brancheB    o[    tbe 


Dchea  ar«  iq  bUck,  thon  oi  iha  Laterxl  in 


The  Thoracic  Nerres  (Nn.  Thoracalea). 

The  medial  branches  {ramua  medialis;  internal  braTick)  of  the  posterior  divisions  of 

the  upper  six  thoracic  nerves  run  between  the  Semispinalis  dorsi  and  Multifidus, 

which  they  supply;  they  then  pierce  the  Rhomboidei  and  Trapezius,  and  reach 

the  skin  by  the  sides  of  the  spinous  processes  {Fig.  799).    The  medial  branches 


THE  SACRAL  NERVES  953 

oF  the  lower  six  are  .distributed  chiefly  to  the  Multifidus  and  Longissimus  dorsi; 
occasionally  they  give  off  filaments  to  the  skin  near  the  middle  line. 

The  latnal  braDches  (ramus  lateralw;  external  branch)  increase  in  size  from  above 
downward.  They  run  through  or  beneath  the  Longissimus  dorsi  to  the  interval 
between  it  and  the  Iliocostales,  and  supply  these  muscles;  the  lower  five  or  six 
also  give  off  cutaneous  branches  which  pierce  the  Serratua  posterior  inferior  and 
Latissimus  dorsi  in  a  line  with  the  angles  of  the  ribs  (Fig.  799).  The  lateral 
branches  of  a  variable  number  of  the  upper  thoracic  nerves  also  give  filaments 
to  the  skin.  The  lateral  branch  of  the  twelfth  thoracic,  after  sending  a  filament 
medialward  along  the  iliac  crest,  passes  downward  to  the  skin  of  the  buttock. 

The  medial  cutaneous  branches  of  the  posterior  divisions  of  the  thoracic  nerves  deacend  for 
some  distance  cloee  to  the  spinouB  processes  before  reaching  the  ekin,  while  the  lateral  branches 
travel  downward  for  a  considerable  distance — it  may  be  as  much  as  the  breadth  of  four  ribs — 
before  they  become  superficial;  the  branch  from  the  twelfth  thoracic,  for  instance,  reaches  the 
akin  only  a  little  way  above  the  iliac  crest.' 

Tli«  Lmnbu'  Nerves  (Nn.  Lnmbales). 

The  medial  brandies  of  the  posterior  divisions  of  the  lumbar  nerves  run  close  to  the 
articular  processes  of  the  vertebrse  and  end  in  the  Multifidus.  \ 

The  lateral  branches  supply  the  ^acrospinalis.    The  ujper  tlffRe  giwe-off^utaneous  ' 
nerves  which  pierce  the  aponeurosis  of  the  Latissimus  dorsi  at  the  lateral  border  of 
the  Sacrospinalis  and  descend  across  the  posterior  part  of  the  iliac  crest  to  the  skin 
of  the  buttock  (Fig.  799),  some  of  their  twigs  running  as  far  as  the  level  of  the 
greater  trochanter. 


The  Sacral  Nerves  (Nn.  Saerales). 

The  posterior  divisions  of  tbe  sacral  nerves  [rami  posteriores)  (Fig.  801)  are 

small,  and  diminish  in  size  from  above  downward;  they  emerge,  except  the  last, 

>  See  article  by  H.  M,  Johnstoa.  JourDml  of  Anstamy  and  Phyaiology,  vol.  iliii. 


V  . 
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through  the  posterior  sacral  foramina.  The  up'per  three  are  covered  at  their  points 
of  exit  by  the  Multifidus,  and  divide  into  medial  and  lateral  branches. 

The  medial  branches  are  small^  and  end  in  the  Multifidus. 

The  lateral  branches  join  with  one  another  and  with  the  lateral  branches  of  the 
posterior  divisions  of  the  last  lumbar  and  fourth  sacral  to  form  loops  on  the  dorsal 
surface  of  the  sacrum.  From  these  loops  branches  run  to  the  dorsal  surface  of  the 
sacrotuberous  ligament  and  form  a  second  series  of  loops  under  the  Glutaeus  maxi- 
mus.  From  this  second  series  cutaneous  branches,  two  or  three  in  number,  pierce 
tl^  Glutaeus  maximus  along  a  line  drawn  from  the  posterior  superior  iliac  spine  to 
the  tip  of  the  coccyx;  they  supply  the  skin  over  the  posterior  part  of  the  buttock. 

The  posterior  divisions  of  the  lower  two  sacral  nerves  are  small  and  lie  below  the 
Multifidus.  They  do  not  divide  into  medial  and  lateral  branches,  but  unite  with 
each  other  and  with  the  posterior  division  of  the  coccygeal  nerve  to  form  loops  on 
the  back  of  the  sacrum;  filaments  from  these  loops  supply  the  skin  over  the  coccyx. 

The  Coccygeal  Nerve  (N.  Coccygeus). 

The  posterior  division  of  the  coccygeal  nerve  {ramus  posterior)  does  not  divide 
into  a  medial  and  a  lateral  branch,  but  receives,  as  already  stated,  a  communicating 
branch  from  the  last  sacral;  it  is  distributed  to  the  skin  over  the  back  of  the  coccyx. 

ANTERIOR  DIVISIONS  OF  THE  SPINAL  NERVES   (RAMI  ANTERIORES). 

The  anterior  divisions  of  the  spinal  nerves  supply  the  antero-lateral  parts  of  the 
trunk,  and  the  limbs;  they  are  for  the  most  part  larger  than  the  posterior  divisions. 
In  the  thoracic  region  they  run  independently  of  one  another,  but  in  the  cervical, 
lumbar,  and  sacral  regions  they  unite  near  their  origins  to  form  plexuses. 

The  Cervical  Nerves  (Nn.  Cervicales). 

The  anterior  divisions  of  the  cervical  nerves  {rami  anieriores),  with  the  exception 
of  the  first,  pass  outward  between  the  Intertransversarii  anterior  and  posterior, 
lying  on  the  grooved  upper  surfaces  of  the  transverse  processes  of  the  vertebrse. 
The  anterior  division  of  tibe  first  or  suboccipital  nerve  issues  from  the  vertebral  canal 
above  the  posterior  arch  of  the  atlas  and  runs  forward  around  the  lateral  aspect 
of  its  superior  articular  process,  medial  to  the  vertebral  artery.  In  most  cases  it 
descends  medial  to  and  in  front  of  the  Rectus  capitis  lateralis,  but  occasionally  it 
pierces  the  muscle. 

The  anterior  divisions  of  the  upper  four  cervical  nerves  unite  to  form  the  cervical 
plexus,  and  each  receives  a  gray  ramus  communicans  from  the  superior  cervical 
ganglion  of  the  sympathetic  trunk.  Those  of  the  lower  four  cervical,  together  with 
the  greater  part  of  the  first  thoracic,  form  the  brachial  plexus.  They  each  receive 
a  gray  ramus  communicans,  those  for  the  fifth  and  sixth  being  derived  from  the 
middle,  and  those  for  the  seventh  and  eighth  from  the  lowest,  cervical  ganglion 
of  the  sympathetic  trunk. 

The  Cervical  Plexus  {plexus  cermcalis)  (Fig.  802). — The  cervical  plexus  is  formed 
by  the  anterior  divisions  of  the  upper  four  cervical  nerves;  each  nerve,  except 
the  first,  divides  into  an  upper  and  a  lower  branch,  and  the  branches  unite  to  form 
three  loops.  The  plexus  is  situated  opposite  the  upper  four  cervical  vertebrae,  in 
front  of  the  Levator  scapulae  and  Scalenus  medius,  and  covered  by  the  Sterno- 
cleidomastoideus. 

Its  branches  are  divided  into  two  groups,  superficial  and  deep,  and  are  here 
given  in  tabular  form;  the  figures  following  the  names  indicate  the  nerves  from 
which  the  different  branches  take  origin : 
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Superficial 


Internal 


Deep     . 


External 


Smaller  occipital 
Great  auricular  . 
Cutaneous  cervical 
Supraclavicular 

Communicating 


With  hypoglossal 


<< 


Muscular 


vagus   . 
"    sympathetic 


Rectus  capitis  lateralis 
Rectus  capitis  anterior 
Longus  capitis 
Communicantes  cervi- 
caies  .        •        • 

Phrenic 
'Conmiunicating  with  accessory 

Sternocleidomastoideus 
Trapezius 

]  Levator  scapulae  . 

[Scalenus  medius 


2 

9 


.Muscular 


2 
3 

1 
1 
1 
1 
1 
1 

2 
3 
2 
2 
3 
3 


c. 

3,  C. 

3,  C. 

4,  C. 

2,  C. 

2,  C. 

2, 3, 4,  C. 

C. 

2,C. 

2,  3,  C. 

3,  C. 

4,  6,  C. 

3,  4,  C. 

C. 

4,  C. 

4,C. 

4,  C. 

Smaller  occipital 
To  Vagus 


Oreat  auricular 

To  Slemodeulo- 
mastoideus 


To  Lev.  scapulae 
Cutaneous  cervical 


To  Trapezius  | 


To  Leo.  scapulae 
To  Scalenus  medius 


Suprculavicular 


To  Rectus  lateralis 

To  Sect  cap,  ant,  and  Long,  cap. 


Phrenic 


To  Longus  capitis  and 
Longus  colli 


To  Longus  capitis  and 
Longus  colli 


To  Oe.niohyoideus 
To  Thyreohyoideus 


Descendens  hypoglossi 

Communicantes 
cervicales 

To  Longus  colli 
Ansa  hypoglossi 


Fig-  802.— Plan  of  cervical  plexus. 
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Sapeiflcial  Branches  of  the  Cemcal  Flezns  (Fig.  803). — The  Smaller  Occipital 
Nerre  (n.  occipitalis  minor;  small  occipital  nerve)  ariae3  from  the  second  cervical 
ner\'e,  sometimes  also  from  the  third;  it  curves  around  and  ascends  along  the 
posterior  border  of  the  Stemocleidomastoideus.  Near  the  cranium  it  perforates 
the  deep  fascia,  and  is  continued  upward  along  the  side  of  the  head  behind  the 
auricula,  supplying  the  skin  and  communicating  with  the  greater  occipital,  the 
great  auricular,  and  the  posterior  auricular  branch  of  the  facial.  The  smaller 
occipital  varies  in  size,  and  is  sometimes  duplicated. 


f  aupratTocldeaT 
f  inJralrocllUar 


It  gives  off  an  aaiienlsr  branch,  which  supplies  the  skin  of  the  upper  and  back 
part  of  the  auricula,  communicating  with  the  mastoid  branch  of  the  great  auricular. 
This  branch  is  occasionally  derived  from  the  greater  occipital  nerve. 

The  Ore&t  Auricular  Nerve  (n.  auricularls  magnus)  is  the  largest  of  the  ascending 
branches.  It  arises  from  the  second  and  third  cervical  nerves,  winds  around  the 
posterior  border  of  the  Stemocleidomastoideus,  and,  after  perforating  the  deep 
fascia,  ascends  upon  that  muscle  beneath  the  Platysma  to  the  parotid  gland,  where 
it  divides  into  an  anterior  and  a  posterior  branch. 

The  anterior  branch  {ramus  anterior;  facial  branch)  is  distributed  to  the  skin  of 
the  face  over  the  parotid  gland,  and  communicates  in  the  substance  of  the  gland 
with  the  facial  nerve. 
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The  posterior  branch  (ramus  posterior;  mastoid  branch)  supplies  the  skin  over  the 
mastoid  process  and  on  the  back  of  the  auricula,  except  at  its  upp)er  part;  a  filament 
pierces  the  auricula  to  reach  its  lateral  surface,  where  it  is  distributed  to  the  lobule 
and  lower  part  of  the  concha.  The  posterior  branch  communicates  with  the  smaller 
occipital,  the  auricular  branch  of  the  vagus,  and  the  posterior  auricular  branch 
of  the  facial. 

The  Cutaneous  Cervical  (w.  cutaneus  colli;  superficial  or  transverse  cervical  nerve) 
arises  from  the  second  and  third  cervical  nerves,  turns  around  the  posterior  border 
ot  the  Sternocleidomastoideus  about  its  middle,  and,  passing  obliquely  forward 
beneath  the  external  jugular  vein  to  the  anterior  border  of  the  muscle,  it  perforates 
the  deep  cervical  fascia,  and  divides  beneath  the  Platysma  into  ascending  and 
descending  branches,  which   are  distributed  to  the  antero-lateral  parts  of  the 

neck- 

The  ascending  branches  (rami  superiores)  pass  upward  to  the  submaxillary  region, 
and  form  a  plexus  with  the  cervical  branch  of  the  facial  nerve  beneath  the  Platysma; 
others  pierce  that  muscle,  and  are  distributed  to  the  skin  of  the  upper  and  front 
part  of  the  neck. 

The  descending  branches  {rami  inferiores)  pierce  the  Platysma,  and  are  distributed 
to  the  skin  of  the  side  and  front  of  the  neck,  as  low  as  the  sternum. 

The  Supraclavicular  Nerves  {nn,  supraclavicular es;  descending  branches)  arise  from 
the  third  and  fourth  cervical  nerves;  they  emerge  beneath  the  posterior  border 
of  the  Sternocleidomastoideus,  and  descend  in  the  posterior  triangle  of  the  neck 
beneath  the  Platysma  and  deep  cervical  fascia.  Near  the  clavicle  they  p)erforate 
the  fascia  and  Platysma  to  become  cutaneous,  and  are  arranged,  according  to 
their  position,  into  three  groups — anterior,  middle  and  posterior. 

The  anterior  supraclavicular  nerves  {nn,  supraclaviculares  anteriores;  suprasternal 
nerxes)  cross  obliquely  over  the  external  jugular  vein  and  the  clavicular  and  sternal 
heads  of  the  Sternocleidomastoideus,  and  supply  the  skin  as  far  as  the  middle  line. 
They  furnish  one  or  two  filaments  to  the  sternoclavicular  joint. 

The  middle  supraclavicular  nerves  {nn.  supraclaviculares  medii;  supraclavicular 
nerves)  cross  the  clavicle,  and  supply  the  skin  over  the  Pectoralis  major  and  Del- 
toideus,  communicating  with  the  cutaneous  branches  of  the  upper  intercostal  nerves. 
The  posterior  supraclavicular  nerves  {nn.  supraclaviculares  posteriores;  suprorocromial 
nerves)  pass  obliquely  across  the  outer  surface  of  the  Trapezius  and  the  acromion, 
and  supply  the  skin  of  the  upper  and  posterior  parts  of  the  shoulder. 

Deep  Branches  of  the  Cervicle  Plexus.  Internal  Series. — ^The  Communicating 
Branches  consist  of  several  filaments,  whidi  pass  from  the  loop  between  the  first 
and  second  cervical  nerves  to  the  vagus,  hypoglossal,  and  sympathetic.  The  branch 
to  the  hypoglossal  ultimately  leaves  that  nerve  as  a  series  of  branches,  viz.,  the 
descending  ramus,  the  nerve  to  the  Thyreohyoideus  and  the  nerve,  to  the  Genio- 
nyoideus  (see  page  947).  A  communicating  branch  also  passes  from  the  fourth 
to  the  fifth  cervical,  while  each  of  the  first  four  cervical  nerves  receives  a  gray 
ramus  communicans  from  the  superior  cervical  ganglion  of  the  sympathetic. 

Muscular  Branches  supply  the  Longus  capitis.  Rectus  capitis  anterior,  and  Rectus 
capitis  lateralis. 

The  Communicantes  Cervicales  {communicantes  hypoglossi)  (Fig.  802)  consist 
usually  of  two  filaments,  one  derived  from  the  second,  and  the  other  from  the  third 
cervical.  These  filaments  join  to  form  the  descendens  cervicalis,  which  passes 
downward  on  the  lateral  side  of  the  internal  jugular  vein,  crosses  in  front  of  the 
v^ein  a  little  below  the  middle  of  the  neck,  and  forms  a  loop  (ansa  hypoglossi)  with 
the  descending  ramus  of  the  hypoglossal  in  front  of  the  sheath  of  the  carotid 
^'^Th   pf^  page  947).    Occasionally,  the  loop  is  formed  within  the  sheath. 

ine  Phrenic  Nerve  (n.  phrenicus;  internal  respiratory  nerve  of  Bell)  contains  motor 
and  sensory  fibres  in  the  proport'  on  of  about  two  to  one.    It  arises  chiefly  from  the 


\ 
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fourth  cervical  nerve,  but  receives  a  branch  from  the  third  and  another  from  the 
fifth;  the  fibres  from  the  fifth  occasionally  come  through  the  nerve  to  the  Sub- 
clavius.  It  descends  to  the  root  of  the  neck,  funning  obliquely  across  tjie  front 
of  the  Scalenus  anterior,  and  beneath  the  Sternocleidomastoideus,  the  inferior 
belly  of  the  Omohyoideus,  and  the  transverse  cervical  and  transverse  scapular 
vessels.  It  next  passes  in  front  of  the  first  part  of  the  subclavian  artery,  between 
it  and  the  subclavian  vein,  and,  as  it  enters  the  thorax,  crosses  the  internal  mam- 
mary artery  near  its  origin.  Within  the  thorax,  it  descends  nearly  vertically  in 
front  of  the  root  of  the  lung,  and  then  between  the  pericardium  and  the  medias- 
tinal pleura,  to  the  Diaphragma,  where  it  divides  into  branches,  which  pierce 
that  muscle,  and  are  distributed  to  its  under  surface.  In  the  thorax  it  is  accom- 
panied by  the  pericardiacophrenic  branch  of  the  internal  mammary  artery. 

The  two  phrenic  nerves  differ  in  their  length,  and  also  in  their  relations  at  the 
upper  part  of  the  thorax. 

The  right  nerve  is  situated  more  deeply,  and  is  shorter  and  more  vertical  in 
direction  than  the  left;  it  lies  lateral  to  the  right  innominate  vein  and  superior 
vena  cava. 

The  left  nerve  is  rather  longer  than  the  right,  from  the  inclination  of  the  heart 
to  the  left  side,  and  from  the  Diaphragma  being  lower  on  this  than  on  the  right  side. 
At  the  root  of  the  neck  it  is  crossed  by  the  thoracic  duct;  in  the  superior  mediastinal 
cavity  it  lies  between  the  left  common  carotid  and  left  subclavian  arteries,  and 
crosses  superficial  to  the  vagus  on  the  left  side  of  the  arch  of  the  aorta. 

Each  nerve  supplies  filaments  to  the  pericardium  and  pleura,  and  at  the  root 
of  the  neck  is  joined  by  a  filament  from  the  sympathetic,  and,  occasionally,  by 
one  from  the  ansa  hypoglossi.  Branches  have  been  described  as  passing  to  the 
peritoneum. 

From  the  right  nerve,  one  or  two  filaments  pass  to  join  in  a  small  phrenic  ganglion 
with  phrenic  branches  of  the  coeliac  plexus;  and  branches  from  this  ganglion  arc 
distributed  to  the  falciform  and  coronary  ligaments  of  the  liver,  the  suprarenal 
gland,  inferior  vena  cava,  and  right  atrium.  From  the  left  nerve,  filaments  pass  to 
join  the  phrenic  branches  of  the  coeliac  plexus,  but  without  any  ganglionic  enlarge- 
ment; and  a  twig  is  distributed  to  the  left  suprarenal  gland. 

Deep  Branches  oi  the  Cervical  Plexus.  External  Series. — Commmiicating 
Branches. — ^The  external  series  of  deep  branches  of  the  cervical  plexus  communi- 
cates with  the  accessory  nerve,  in  the  substance  of  the  Sternocleidomastoideus, 
in  the  posterior  triangle,  and  beneath  the  Trapezius. 

Muscular  Branches  are  distributed  to  the  Sternocleidomastoideus,  Trapezius, 
Levator  scapulae,  and  Scalenus  medius. 

The  branch  for  the  Sternocleidomastoideus  is  derived  from  the  second  cervical ; 
the  Trapezius  and  Levator  scapulae  receive  branches  from  the  third  and  fourth. 
The  Scalenus  medius  receives  twigs  either  from  the  third  or  fourth,  or  occasionally 
from  both. 

Applied  Anatomy. — Pains  referred  to  the  terminal  branches  of  the  cervical  plexus  are  not 
uncommon  in  caries  of  the  cervical  vertebrse,  where  pain  may  be  felt  radiating  over  the  occipital 
bone,  if  the  disease  is  situated  high  up  in  the  vertebral  column. 

The  Brachial  Plexus  {plexus  brachialis)  (Fig.  804). — ^The  brachial  plexus  is 
formed  by  the  union  of  the  anterior  divisions  of  the  lower  four  cervical  nerves  and 
the  greater  part  of  the  anterior  division  of  the  first  thoracic  nerve;  the  fourth  cer- 
vical usually  gives  a  branch  to  the  fifths  cervical,  and  the  first  thoracic  frequently 
receives  one  from  the  second  thoracic.  The  plexus  extends  from  the  lower  part 
of  the  side  of  the  neck  to  the  axilla.  The  nerves  which  form  it  are  nearly  equal  in 
size,  but  their  mode  of  communication  is  subject  to  some  variation.    The  following 


THE  CERVICAL  NERVES  959 

is,  however,  the  most  constant  arrangement.  The  fifth  and  sixth  cervical  unite 
30on  after  their  exit  from  the  intervertebral  foramina  to  form  a  trunk.  The  eighth 
cervical  and  first  thoracic  also  unite  to  form  one  trunk,  while  the  seventh  cervical 
runs  out  alone.  Three  trunks — upper,  middle,  and  lower— are  thus  formed,  and, 
as  they  pass  beneath  the  clavicle,  each  splits  into  an  anterior  and  a  posterior  diTi- 
sion.'  The  anterior  divisions  of  the  upper  and  middle  trunks  unite  to  form  a  cord, 
which  b  situated  on  the  lateral  side  of  the  second  part  of  the  axillary  artery,  and 
is  called  the  lateral  cord  or  fasclcolus  of  the  plexus.  The  anterior  division  of  the 
lower  trunk  i>asses  down  on  the  medial  side  of  the  axillary  arterj',  and  forms  the 
medial  cord  or  tascicalns  of  the  brachial  plexna.  The  posterior  divisions  of  all  three 
trunks  unite  to  form  the  posterior  cord  or  tascioolus  of  the  plezos,  which  is  situated 
behind  the  second  portion  of  the  axillary'  artery. 


To  Lonrnt  n 
ami  S«iU« 
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Fio.  80i.— PIsD  of  bnsbiil  pleiua. 

BolatioiiB.— ^/n  the  neck,  the  brachial  plexus  lies  in  the  posterior  triangle,  being  covered  by  the 
akin,  Platysma,  and  deep  fascia;  it  is  croased  by  the  supraclavicular  nerves,  the  inferior  belly 
of  the  Omohyoideus,  the  external  jugular  vein,  and  the  tranaveree  cervical  artery.  It  emerges 
between  the  Scaleni  anterior  and  mediua;  Its  upper  part  liea  above  the  third  part  of  the  sub- 
eUvian  artery,  while  the  trunk  formed  by  the  union  of  the  eighth  cervical  and  firat  thoracic  is 
placed  behind  the  artery;  the  plexus  next  passes  behind  the  clavicle,  the  Subclaviiis,  and  the  trans- 
verae  scapular  vessels,  and  lies  upon  the  first  digitation  of  the  Serratus  anterior,  and  the  Sub- 
scapulaxis.  In  iht  axtila  it  ie  placed  lateral  to  the  first  portion  of  the  axillary  artery;  it  Burrounds 
the  second  part  of  the  artery,  one  cord  lying  medial  to  it,  one  lateral  to  it,  and  one  behind  it; 
at  the  lower  part  of  the  axilla  it  gives  off  its  terminal  branches  to  the  upper  limb. 

1  The  pofterior  diviiioa  of  tbs  knrar  trunk  i*  nry  muoh  (nuillsr  than  iho  othen,  wid  la  tnquantly  derfTCd  cmtinly 
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Branches  of  Communication. — Close  to  their  exit  from  the  intervertebral  foramina 
the  fifth  and  sixth  cervical  nerves  each  receive  a  gray  ramus  communicans  from 
the  middle  cervical  ganglion  of  the  sympathetic  trunk,  and  the  seventh  and  eighth 
cervical  similar  twigs  from  the  inferior  ganglion.  The  first  thoracic  nerve  receives 
a  gray  ramus  from,  and  contributes  a  white  ramus  to,  the  first  thoracic  ganglion. 
On  the  Scalenus  anterior  the  phrenic  nerve  is  joined  by  a  branch  from  the  fifth 
cervical. 

Branches  of  Distribution. — The  branches  of  distribution  of  the  brachial  plexus 
may  be  arranged  into  two  groups,  viz.,  those  given  off  above  and  those  below  the 
clavicle. 


Supraclavicular  Branches. 


Dorsal  scapular    . 

Suprascapular 

Nerve  to  Subclavius 

Long  thoracic 

To  Longus  colli  and  Scaleni 


6C. 
6,  6  C. 
5,  6  C. 
5,  6,  7  C. 
5, 6, 7, 8  C. 


The  Dorsal  Scapular  Nerve  (n.  dorsalis  scapulae;  nerve  to  the  Rhomboidei;  posterior 
scapular  nerve)  arises  from  the  fifth  cervical,  pierces  the  Scalenus  medius,  passes 
beneath  the  Levator  scapulae,  to  which  it  occasionally  gives  a  twig,  and  ends  in 
the  Rhomboidei. 

The  Suprascapular  (n.  suprascapularis)  (Fig.  810)  arises  from  the  trunk  formed 
by  the  union  of  the  fifth  and  sixth  cervical  nerves.  It  runs  lateralward  beneath 
the  Trapezius  and  the  Omohyoideus,  and  enters  the  supraspinatous  fossa  through 
the  suprascapular  notch,  below,  the  superior  transverse  scapular  ligament;  it  then 
passes  beneath  the  Supraspinatus,  and  curves  around  the  lateral  border  of  the 
spine  of  the  scapula  to  the  infraspinatous  fossa.  In  the  supraspinatous  fossa  it 
gives  off  two  branches  to  the  Supraspinatus  muscle,  and  an  articular  filament 
to  the  shoulder-joint;  and  in  the  infraspinatous  fossa  it  gives  off  two  branches 
to  the  Infraspinatous  muscle,  besides  some  filaments  to  the  shoulder-joint  and 
scapula. 

The  Nerve  to  the  Subclavius  (n.  subclavius)  is  a  small  filament,  which  arises  from 
the  point  of  junction  of  the  fifth  and  sixth  cervical  nerves;  it  descends  to  the  muscle 
in  front  of  the  third  part  of  the  subclavian  artery  and  the  lower  trunk  of  the  plexus, 
and  is  usually  connected  by  a  filament  with  the  phrenic  nerve. 

The  Long  Thoracic  Nerve  (n.  thoracalis  longus;  external  respiratory  nerve  of  Bell; 
posterior  thoracic  nerve)  (Fig.  809)  supplies  the  Serratus  anterior.  It  usually  arises 
by  three  roots  from  the  fifth,  sixth,  and  seventh  cervical  nerves;  but  the  root  from 
the  seventh  nerve  may  be  absent.  The  roots  from  the  fifth  and  sixth  nerves  pierce 
the  Scalenus  medius,  while  that  from  the  seventh  passes  in  front  of  the  muscle. 
The  nerve  descends  behind  the  brachial  plexus  and  the  axillary  vessels,  resting 
on  the  outer  surface  of  the  Serratus  anterior.  It  extends  along  the  side  of  the  thorax 
to  the  lower  border  of  that  muscle,  supplying  filaments  to  each  of  its  digitations. 

The  branches  for  the  Longus  colli  and  Scaleni  arise  from  the  lower  four  cervical 
nerves  at  their  exit  from  the  intervertebral  foramina. 


Infraclavicular  Branches. 

The  infraclavicular  branches  are  derived  from  the  three  cords  of  the  brachial 
plexus,  but  the  fasciculi  of  the  nerves  may  be  traced  through  the  plexus  to  the  spinal 
nerves  from  which  they  originate.    They  are  as  follows: 
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Lateral  cord 


Medial  cord 


Posterior  cord     . 


(Musculocutaneous 
Lateral  anterior  thoracic 
Lateral  head  of  median  . 
fMedial  anterior  thoracic 
Medial  antibrachial  cutaneous 
Medial  brachial  cutaneous 
Ulnar        .... 
Medial  head  of  median  . 
Upper  subscapular  . 
Lower  subscapular  . 
Thoracodorsal  . 
Axillary     .... 
Radial       .... 


5,  6,  7  C. 

5,  6,  7  C. 

6,  7C. 


8  C,  1  T. 


5,  6C. 
5,6C. 
5,  6,  7  C. 

5,  6C. 

6,  7,  8  C,  1  T. 


The  Anterior  Thoracic  Nerves  (nn.  thoracales  arderiores)  (Fig.  809)  supply  the 
Pectorales  major  and  minor. 

The  lateral  anterior  thoracic  {Jasdculus  lateralis)  the  larger  of  the  two,  arises 
from  the  lateral  cord  of  the  brachial  plexus,  and  through  it  from  the  fifth,  sixth, 
and  seventh  cervical  nerves.  It  passes  across  the  axillary  artery  and  vein,  pierces  the 
coracoclavicular  fascia,  and  is  distributed  to  the  deep  surface  of  the  Pectoralis 
major.  It  sends  a  filament  to  join  the  medial  anterior  thoracic  and  form  with  it 
a  loop  in  front  of  the  first  part  of  the  axillary  artery. 

The  medial  anterior  thoracic  {jasdculus  medialis)  arises  from  the  medial  cord  of 
the  plexus  and  through  it  from  the  eighth  cervical  and  first  thoracic.  It  passes 
behind  the  first  part  of  the  axillary  artery,  curv-^es  forward  between  the  axillary 
artery  and  vein,  and  unites  in  front  of  the  artery  with  a  filament  from  the  lateral 
nerve.  It  then  enters  the  deep  surface  of  the  Pectoralis  minor,  where  it  divides 
into  a  number  of  branches,  which  supply  the  muscle.  Two  or  three  branches  pierce 
the  muscle  and  end  in  the  Pectoralis  major. 

The  Subscapular  Nerves  (nn.  svbscayulares) ,  two  in  number,  spring  from  the 
posterior  cord  of  the  plexus  and  through  it  from  the  fifth  and  sixth  cervical  nerves. 

The  upper  subscapular  {short  subscapular),  the  smaller  enters  the  upper  part  of 
the  Subscapularis,  and  is  frequently  represented  by  two  branches. 

The  lower  subscapular  supplies  the  lower  part  of  the  Subscapularis,  and  ends  in 
the  Teres  major;  the  latter  muscle  is  sometimes  supplied  by  a  separate  branch. 

The  Thoracodorsal  Nerve  {n,  thoracodorsalis;  middle  or  long  subscapular  nerve), 
a  branch  of  the  posterior  cord  of  the  plexus,  derives  its  fibres  from  the  fifth,  sixth, 
and  seventh  cervical  nerves;  it  follows  the  course  of  the  subscapular  artery,  along 
the  posterior  wall  of  the  axilla  to  the  Latissimus  dorsi,  in  which  it  may  be  traced 
as  far  as  the  lower  border  of  the  muscle. 

The  Axillary  Nerve  (n.  axillaris;  circumflex  nerve)  (Fig.  810)  arises  from  the  pos- 
terior cord  of  the  brachial  plexus,  and  its  fibres  are  derived  from  the  fifth  and  sixth 
cervical  nerves.  It  lies  at  first  behind  the  axillary  arter>^  and  in  front  of  the 
Subscapularis,  and  passes  downward  to  the  lower  border  of  that  muscle.  It  then 
winds  backward,  in  company  with  the  posterior  humeral  circumflex  artery,  through 
a  quadrilateral  space  bounded  above  by  the  Subscapularis,  below  by  the  Teres 
major,  medially  by  the  long  head  of  the  Triceps  brachii,  and  laterally  by  the 
surgical  neck  of  the  humerus,  and  divides  into  an  anterior  and  a  posterior  branch. 

The  anterior  branch  {upper  branch)  winds  around  the  surgical  neck  of  the  humerus, 
beneath  the  D^ltoideus,  with  the  posterior  humeral  circumflex  vessels,  as  far  as 
the  anterior  border  of  that  muscle,  supplying  it,  and  giving  off  a  few  small  cutaneous 
branches,  which  pierce  the  muscle  and  ramify  in  the  skin  covering  its  lower  part. 

The  posterior  branch  {lower  branch)  supplies  the  Teres  minor  and  the  posterior 
part  of  the  Deltoideus;  upon  the  branch  to  the  Teres  minor  an  oval  enlargement 
61 
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(pseudoganglion)  usually  exists.  The  posterior  branch  then  pierces  the  deep  fascia 
and  is  continued  as  the  Uteral  brachial  eotaneoiis  nerre,  which  sweeps  around  the 
posterior  border  of  the  Deltoideus  and  supplies  the  skin  over  the  lower  two-thirds 
of  the  posterior  part  of  this  muscle,  as  well  as  that  covering  the  long  head  of  the 
Triceps  brachii  (Figs  805,  807). 


The  trunk  of  the  axillary  nerve  gives  off  an  articular  filament  which  enters 
the  shoulder- joint  below  the  Subscapularis. 

The  Muscoloentaneoas  Nerve  {n.  muscuhcutaneus)  (Fig.  809)  ariaea  from  the 
lateral  cord  of  the  brachial  plexus,  opposite  the  lower  border  of  the  Pectoralis 
minor,  its  fibres  being  derived  from  the  fifth,  sixth,  and  seventh  cervicai  nerves. 
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It  pierces  the  Coracobrachialis  muscle  and  passes  obliquely  between  the  Biceps 
brachii  and  the  Brachialis,  to  the  lateral  side  of  the  arm;  a  little  above  the  elbow 
it  pierces  the  deep  fascia  lateral  to  the  tendon  of  the  Biceps  brachii  and  is  continued 
into  the  forearm  as  the  lateial  antibrachial  cntaneoos  nerve.  In  its  course  through 
the  arm  it  supplies  the  Coracobrachialis,  Biceps  brachii,  and  the  greater  part  of  the 


eold  djatributioD  o^tha  cu 


Brachialis.  The  branch  to  the  Coracobrachialis  is  given  off  from  the  nen'e  close 
to  its  origin,  and  in  some  instances  as  a  separate  filament  from  the  lateral  cord 
of  the  plexus;  it  is  derived  from  the  seventh  cervical  ner\'e.  The  branches  to  the 
Biceps  brachii  and  Brachialis  are  gi\en  off  after  the  musculocutaneous  has  pierced 
the  Coracobrachialis;  that  supplying  the  Brachialis  gives  a  filament  to  the  elbow- 


964  NEUROLOGY 

joint.  The  nerve  also  sends  a  small  branch  to  the  bone,  which  enters  the  nutrient 
foramen  with  the  accompanying  artery. 

The  lateral  antibrachial  cutaneous  nerve  (n.  culaneua  antibrachii  cutaneous  lateralis; 
branch  of  muscvlocvtanecnis  nerve)  passes  behind  the  cephalic  vein,  and  divides, 
opposite  the  elbow-joint,  into  a  volar  and  a  dorsal  branch  (Figs.  806,  807). 

The  volar  branch  {ramus  volaris;  anterior  branch)  descends  along  the  radial  border 
of  the  forearm  to  the  wrist,  and  supplies  the  skin  over  the  lateral  half  of  its  volar 
surface.  At  the  wrist-joint  it  is  placed  in  front  of  the  radial  artery,  and  some 
filaments,  piercing  the  deep  fascia,  accompany  that  vessel  to  the  dorsal  surface  of 
the  carpus.  The  nerve  then  passes  downward  to  the  ball  of  the  thumb,  where  it 
ends  in  cutaneous  filaments.  It  communicates  with  the  superficial  branch  of  the 
radial  nerve,  and  with  the  palmar  cutaneous  branch  of  the  median  ner\'^e. 

The  dorsal  branch  (ramus  dorsalis;  posterior  branch)  descends,  along  the  dorsal 
surface  of  the  radial  side  of  the  forearm  to  the  wrist.  It  supplies  the  skin  of  the 
lower  two-thirds  of  the  dorso-lateral  surface  of  the  forearm,  communicating  with 
the  superficial  branch  of  the  radial  nerve  and  the  dorsal  antibrachial  cutaneous 
branch  of  the  radial. 

The  musculocutaneous  nerve  presents  frequent  irregularities.  It  "may  adhere 
for  some  distance  to  the  median  and  then  pass  outward,  beneath  the  Biceps  brachii, 
instead  of  through  the  Coracobrachialis.  Some  of  the  fibres  of  the  median  may 
run  for  some  distance  in  the  musculo-cutaneous  and  then  leave  it  to  join  their 
proper  trunk;  less  frequently  the  reverse  is  the  case,  and  the  median  sends  a  branch 
to  join  the  musculocutaneous.  The  nerve  may  pass  under  the  Coracobrachialis 
or  through  the  Biceps  brachii.  Occasionally  it  gives  a  filament  to  the  Pronator 
teres,  and  it  supplies  the  dorsal  surface  of  the  thumb  when  the  superficial  branch 
of  the  radial  nerve  is  absent. 

The  Medial  Antibrachial  Cutaneous  Nerve  (n.  cutanev^  antibrachii  medialis;  internal 
cutaneous  nerve)  (Fig.  809)  arises  from  the  medial  cord  of  the  brachial  plexus.  It 
derives  its  fibres  from  the  eighth  cervical  and  first  thoracic  nerves,  and  at  its  com- 
mencement is  placed  medial  to  the  axillary  artery.  It  gives  off,  near  the  axilla,  a 
filament,  which  pierces  the  fascia  and  supplies  the  integument  covering  the  Biceps 
brachii,  nearly  as  far  as  the  elbow.  The  nerve  then  runs  down  the  ulnar  side  of  the 
arm  medial  to  the  brachial  artery,  pierces  the  deep  fascia  with  the  basilic  vein, 
about  the  middle  of  the  arm,  and  divides  into  a  volar  and  an  ulnar  branch. 

The  volar  branch  {ramus  volaris;  anterior  branch)  y  the  larger,  passes  usually  in  front 
of,  but  occasionally  behind,  the  vena  mediana  cubiti  {median  basilic  vein).  It  then 
descends  on  the  front  of  the  ulnar  side  of  the  forearm,  distributing  filaments  to  the 
skin  as  far  as  the  wrist,  and  communicating  with  the  palmar  cutaneous  branch  of 
the  ulnar  nerve  (Fig.  805). 

The  ulnar  branch  {ramus  urdaris;  posterior  branch)  passes  obliquely  downward  on 
the  medial  side  of  the  basilic  vein,  in  front  of  the  medial  epicondyle  of  the  humerus, 
to  the  back  of  the  forearm,  and  descends  on  its  ulnar  side  as  far  as  the  WTist,  dis- 
tributing filaments  to  the  skin.  It  communicates  with  the  medial  brachial  cutaneous, 
the  dorsal  antibrachial  cutaneous  branch  of  the  radial,  and  the  dorsal  branch  of 
the  ulnar  (Fig.  807). 

The  Medial  Brachial  Cutaneous  Nerve  (n.  cutaneus  braehii  medialis;  lesser  internal 
cutaneous  nerve;  nerve  of  Wrisberg)  is  distributed  to  the  skin  on  the  ulnar  side  of  the 
arm  (Figs.  805,  807).  It  is  the  smallest  branch  of  the  brachial  plexus,  and  arising 
from  the  medial  cord  receives  its  fibres  from  the  eighth  cervical  and  first  thoracic 
nerves.  It  passes  through  the  axilla,  at  first  lying  behind,  and  then  medial  to  the 
axillary  vein,  and  communicates  with  the  intercostobrachial  nerve.  It  descends 
along  the  medial  side  of  the  brachial  artery  to  the  middle  of  the  arm,  where  it  pierces 
the  deep  fascia,  and  is  distributed  to  the  skin  of  the  back  of  the  lower  third  of  the 
arm,  extending  as  far  as  the  elbow,  where  some  filaments  are  lost  in  the  skin  in 
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front  of  the  medial  epicondyle,  and  others  over  the  olecranon.    It  communicates 
with  the  ulnar  branch  of  the  medial  antibrachial  cutaneous  nerve. 

In  some  cases  the  medial  brachial  cutaneous  and  intercostobrachial  are  connected  by  two  or 
three  filaments,  which  form  a-plexus  in  the  axilla.  In  other  cases  the  intercostobrachial  is  of 
large  size,  and  takes  the  place  of  the  medial  brachial  cutaneous,  receiving  merely  a  filament  of 
communication  from  the  brachial  plexus,  which  represents  the  latter  nerve;  in  a  few  cases,  this 
filament  is  wanting. 

The  Median  Nerve  (n.  medianus)  (Fig.  809)  extends  along  the  middle  of  the  arm 
and  forearm  to  the  hand.    It  arises  by  two  roots,  one  from  the  lateral  and  on^  from 
the  medial  cord  of  the  brachial  plexus;  these  embrace  the  lower  part  of  the  axillary 
artery,  uniting  either  in  front  of  or  lateral  to  that  vessel.    Its  fibres  are  derived 
from  the  sixth,  seventh,  and  eighth  cervical  and  first  thoracic  nerves.    As  it  descends 
through  the  arm,  it  lies  at  first  lateral  to  the  brachial  artery;  about  the  level  of  the 
insertion  of  the  Coracobrachialis  it  crosses  the  artery,  usually  in  front  of,  but  occasion- 
ally behind  it,  and  lies  on  its  medial  side  at  the  bend  of  the  elbow,  where  it  is  situated 
behind  the  lacertus  fibrosus  (bicipital  fascia),  and  is  separated  from  the  elbow-joint 
by  the  Brachialis.    In  the  forearm  it  passes  between  the  two  heads  of  the  Pronator 
teres  and  crosses  the  ulnar  artery,  but  is  separated  from  this  vessel  by  the  deep 
head  of  the  Pronator  teres.    It  descends  beneath  the  Flexor  digitorum  sublimis, 
lying  on  the  Flexor  digitorum  profundus,  to  within  5  cm.  of  the  transverse  carpal 
ligament;  here  it  becomes  more  superficial,  and  is  situated  between  the  tendons  of 
the  Flexor  digitorum  sublimis  and  Flexor  carpi  radialis.    In  this  situation  it  lies 
behind,  and  rather  to  the  radial  side  of,  the  tendon  of  the  Palmaris  longus,  and  is 
covered  by  the  skin  and  fascia.    It  then  passes  behind  the  transverse  carpal  liga- 
ment into  the  palm  of  the  hand.    In  its  course  through  the  forearm  it  is  accompanied 
by  the  median  artery,  a  branch  of  the  volar  interroseous  artery. 

Branches. — ^With  the  exception  of  the  nerve  to  the  Pronator  teres,  which  some- 
times arises  above  the  elbow-joint,  the  median  nerve  gives  off  no  branches  in  the 
arm.  As  it  passes  in  front  of  the  elbow,  it  supplies  one  or  two  twigs  to  the  joint. 
In  the  forearm  its  branches  are:  muscular,  volar  interosseous,  and  palmar. 
The  muscular  branches  {rami  musculares)  are  derived  from  the  nerve  near  the 
elbow  and  supply  all  the  superficial  muscles  on  the  front  of  the  forearm,  except 
the  Flexor  carpi  ulnaris. 

The  volar  interosseous  nerve  (n.  interosseus  [antibrachii]  volaris;  anterior  inter- 
osseous  nerve)  supplies  the  deep  muscles  on  the  front  of  the  forearm,  except  the  ulnar 
half  of  the  Flexor  digitorum  profundus.  It  accompanies  the  volar  interosseous 
artery  along  the  front  of  the  interosseous  membrane,  in  the  interval  between  the 
Flexor  pollicis  longus  and  Flexor  digitorum  profundus,  supplying  the  whole  of  the 
former  and  the  radial  half  of  the  latter,  and  ending  below  in  the  Pronator  quadratus 
and  wrist-joint. 

The  palmar  branch  (ramus  cutaneus  palmaris  n.  mediani)  of  the  median  nerve  arises 
at  the  lower  part  of  the  forearm.  It  pierces  the  volar  carpal  ligament,  and  divides  into 
a  lateral  and  a  medial  branch;  the  lateral  branch  supplies  the  skin  over  the  ball  of 
the  thumb,  and  communicates  with  the  volar  branch  of  the  lateral  antibrachial 
cutaneous  nerve;  the  medial  branch  supplies  the  skin  of  the  palm  and  communi- 
cates with  the  palmar  cutaneous  branch  of  the  ulnar. 

In  the  pahn  of  the  hand  the  median  nerve  is  covered  by  the  skin  and  the  palmar 
aponeurosis,  and  rests  on  the  tendons  of  the  Flexor  muscles.  Immediately  after 
emerging  from  under  the  transverse  carpal  ligament  the  nerve  becomes  enlarged 
and  flattened  and  splits  into  a  smaller,  lateral,  and  a  larger,  medial  portion.  The 
lateral  portion  supplies  a  short,  stout  branch  to  certain  of  the  muscles  of  the  ball  of 
the  thumb,  viz.,  the  Abductor  brevis,  the  Opponens,  and  the  superficial  head  of  the 
Flexor  brevis,  and  then  divides  into  three  proper  volar  digital  nerves;  two  of  these 
supply  the  sides  of  the  thumb,  while  the  third  gives  a  twig  to  the  first  Lumbricalis 
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and  is  distributed  to  the  radial  side  of  the  index  finger.    The  medul  pOTtian  of  the 
nerve  divides  into  two  common  volar  digital  nervea.    The  first  of  these  gives  a  twif; 
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•  * 

to  the  second  Lumbricalis  and  runs  toward  the  cleft  between  the  index  and  middle 
fingers,  where  it  divides  into  two  proper  digital  nerves  for  the  adjoining  sides  of 
these  digits;  the,^cond  runs  toward  the  cleft  between  the  middle  and  ring  fingers, 
and  splits  into  two  proper  digital . nerves  for  the  adjoining  sides  of  these  digits; 
it  communicates  with  a  branch  from  the  ulnar  nerve  and  sometimes  sends  a  twig 
to  the  third  Lumbricalis. 

Each  proper  digital  nerve,  opposite  the  base  of  the  first  phalanx,  gives  off  a 
dorsal  branch  which  joins  the  dorsal  digital  nerve  from  the  sup)erficial  branch  of 
the  radial  nerve,  and  supplies  the  integument  on  the  dorsal  aspect  of  the  last 
phalanx.  At  the  end  of  the  digit,  the  prop)er  digital  nerve  divides  into  two 
branches,  one  of  which  supplies  the  pulp  of  the  finger,  the  other  ramifies  around 
and  beneath  the  nail.  The  proper  digital  nerves,  as  they  run  along  the  fingers,  are 
placed  superficial  to  the  corresponding  arteries. 

The  Ulnar  Nerve  (n.  ulnaris)  (Fig.  809)  is  placed  along  the  medial  side  of  the  limb, 
and  is  distributed  to  the  muscles  and  skin  of  the  forearm  and  hand.  It  arises 
from  the  medial  cord  of  the  brachial  plexus,  and  derives  its  fibres  from  the  eighth 
cervical  and  first  thoracic  nerves.  It  is  smaller  than  the  median,  and  lies  at  first 
behind  it,  but  diverges  from  it  in  its  course  down  the  arm.  At  its  origin  it  lies 
medial  to  the  axillary  artery,  and  bears  the  same  relation  to  the  brachial  artery 
as  far  as  the  middle  of  the  arm.  Here  it  pierces  the  medial  intermuscular  septum, 
runs  obliquely  across  the  medial  head  of  the  Triceps  brachii,  and  descends  to  the 
groove  between  the  medial  epicondyle  and  the  olecranon,  accompanied  by  the 
superior  ulnar  collateral  artery.  At  tiie  elbow,  it  rests  upon  the  back  of  the  medial 
epicondyle,  and  enters  the  forearm  between  the  two  heads  of  the  Flexor  carpi 
ulnaris.  In  the  forearm,  it  descends  along  the  ulnar  side,  lying  upon  the  Flexor 
digitorum  profundus;  its  upper  half  is  covered  by  the  Flexor  carpi  ulnaris,  its  lower 
half  lies  on  the  lateral  side  of  the  muscle,  covered  by  the  integument  and  fascia.  In 
the  upper  third  of  the  forearm,  it  is  separated  from  the  ulnar  artery  by  a  consider- 
able interval,  but  in  the  rest  of  its  extent  lies  close  to  the  medial  side  of  the  artery. 
About  6  cm.  above  the  wrist  it  ends  by  dividing  into  a  dorsal  and  a  volar  branch. 

The  branches  of  the  ulnar  nerve  are:  articulat  to  the  elbow-joint,  muscular, 
palmar  cutaneous,  dorsal,  and  volar. 

The  articular  branches  to  the  elbow-joint  are  several  small  filaments  which  ari^e 
from  the  nerve  as  it  lies  in  the  groove  between  the  medial  epicondyle  and  olecranon. 

The  muscular  branches  (rami  musculares)  two  in  number,  ari^e  near  the  elbow: 
one  supplies  the  Flexor  carpi  ulnaris;  the  other,  the  ulnar  half  of  the  Flexor 
digitorum  profundus. 

The  palmar  cutaneous  branch  (ramus  cuianeus  palmaris)  arises  about  the  middle 
of  the  forearm,  and  descends  on  the  ulnar  artery,  giving  off  some  filaments  to  the 
vessel.  It  perforates  the  volar  carpal  ligament  and  ends  in  the  skin  of  the  palm, 
conmiunicating  with  the  palmar  branch  of  the  median  nerve. 

The  dorsal  branch  (ramus  dorsalis  manus)  arises  about  5  cm.  above  the  wrist;  it 
passes  backward  beneath  the  Flexor  carpi  ulnaris,  perforates  the  deep  fascia,  and, 
running  along  the  ulnar  side  of  the  back  of  the  wrist  and  hand,  divides  into  two 
dorsal  digital  branches;  one  supplies  the  ulnar  side  of  the  little  finger;  the  other, 
the  adjacent  sides  of  the  little  and  ring  fingers.  It  also  sends  a  twig  to  join  that 
given  by  the  superficial  branch  of  the  radial  nerve  for  the  adjoining  sides  of  the 
middle  and  ring  fingers,  and  assists  in  supplying  them.  A  branch  is  distributed 
to  the  metacarpal  region  of  the  hand,  communicating  with  a  twig  of  the  superficial 
branch  of  the  radial  nerve  (Fig.  807). 

On  the  little  finger  the  dorsal  digital  branches  extend  only  as  far  as  the  base 
of  the  terminal  phalanx,  and  on  the  ring  finger  as  far  as  the  base  of  the  second 
phalanx;  the  more  distal  parts  of  these  digits  are  supplied  by  dorsal  branches  derived 
from  the  proper  volar  digital  branches  of  the  ulnar  nerve. 


The  volar  branch  (ramus  volaris  manus)  crosses  the  transverse  carpal  lineament 
on  the  lateral  side  of  the  pisiform  bone,  medial  to  and  a  little  behind  the  ulnar 

artery.  It  ends  by  dividing  into 
Svpram  a  superficial  and  a  deep  branch. 

The  saperficial  branch  (ramiu 
svperJicialis\n.ulnarU])  supplies 
the  Palmaris  brevis,  and  the 
skin  on  the  ulnar  side  of  the 
hand,  and  di^'ides  into  a  proper 
volar  digital  branch  for  the  ulnar 
side  of  the  little  finger,  and  a 
common  volar  distal  branch 
which  gives  a  communicating 
twig  to  the  median  nerv'e  and 
divides  into  two  proper  digital 
nerves  for  the  adjoining  sides 
of  the  little  and  ring  fingers 
(Fig.  805).  The  proper  digital 
branches  are  distributed  to  the 
fingers  in  the  same  manner  as 
those  of  the  median. 

The  deep  branch  {ramve  pro- 
fwndiis)  accompanied  by  the 
deep  branch  of  the  ulnar  arterj', 
passes  between  the  Abductor 
digiti  quinti  and  Flexor  di^ti 
quinti  brevis;  it  then  perforates 
the  Opponens  digiti  quinti  and 
follows  the  course  of  the  deep 
volar  arch  beneath  the  Flexor 
tendons.  At  its  origin  it  sup- 
plies the  three  short  muscles  of 
the  little  finger.  As  it  crosses 
the  deep  part  of  the  hand,  it  sup- 
plies all  the  Interossei  and  the 
third  and  fourth  Lumbricalis; 
.  it  ends  by  supplying  the  Adduc- 
tores  pollicis  and  the  medial 
head  of  the  Flexor  pollicis  brevis. 
It  also  sends  articular  filaments 
to  the  wrist-ioint. 

It  has  been  pointed  out  tliat 
the  ulnar  part  of  the  Flexor 
digitorum  profundus  is  supplied 
by  the  ulnar  nerve;  the   third 

Fia.  810— The  »upr»(;spular,  aii11»rj-,  and  radial  nerves.  and  fourth  LumbricsleS,    whlch 

are  connected  with  the  tendons 
of  this  part  of  the  muscle,  are  supplied  bj'  the  same  nerve.  In  like  manner  the 
lateral  part  of  the  Flexor  digitorum  profundus  and  the  first  and  second  Lumbri- 
cales  are  supplied  by  the  median  nerve;  the  third  Lumbricalis  frequently  receives 
an  additional  twig  from  the  median  nerve. 

The  Radial  Nerve  (n.  radialis;  muandospirul  nerte)  (Fig.  810),  the  largest  branch 
of  the  brachial  plexus,  is  the  continuation  of  the  posterior  cord  of  the  plexus.  Its 
fibres  are  derived  from  the  fifth,  sixth,  seventh,  and  eighth  cer\-ical  and  first  thoracic 
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nerves.  It  descends  behind  the  first  part  of  the  axillary  artery  and  the  upper  part 
of  the  brachial  artery,  and  in  front  of  the  tendons  of  the  Latissimus  dorsi  and  Teres 
major.  It  then  winds  around  from  the  medial  to  the  lateral  side  of  the  humerus  in 
a  groove  with  the  a.  profunda  brachii,  between  the  medial  and  lateral  heads  of  the 
Triceps  brachii.  It  pierces  the  lateral  intermuscular  septum,  and  passes  between 
the  Brachialis  and  Brachioradialis  to  the  front  of  the  lateral  epicondyle,  where 
it  divides  into  a  superficial  and  a  deep  branch. 
The  branches  of  the  musculospiral  nerve  are: 

Muscular.  Superficial. 

Cutaneous.  Deep. 

■ 

The  muscular  branches  {rami  muscuhres)  supply  the  Triceps  brachii,  Anconaeus, 
Brachioradialis,  Extensor  carpi  radialis  longus,  and  Brachialis,  and  are  grouped  as 
medial,  posterior,  and  lateral. 

The  medial  muscular  branches  supply  the  medial  and  long  heads  of  the  Triceps 
brachii.  That  to  the  medial  head  is  a  long,  slender  filament,  which  lies  close  to  the 
ulnar  nerve  as  far  as  the  lower  third  of  the  arm,  and  is  therefore  frequently  spoken 
of  as  the  uhiar  collateral  nerve. 

The  posterior  muscular  branch,  of  large  size,  arise»  from  the  nerve  in  the  groove 
between  the  Triceps  brachii  and  the  humerus.  It  divides  into  filaments,  which 
supply  the  medial  and  lateral  heads  of  the  Triceps  brachii  and  the  Anconaeus 
muscles.  The  branch  for  the  latter  muscle  is  a  long,  slender  filament,  which  descends 
in  the  substance  of  the  medial  head  of  the  Triceps  brachii. 

The  lateral  muscular  branches  supply  the  Brachioradialis,  Extensor  carpi  radialis 
longus,  and  the  lateral  part  of  the  Brachialis. 

The  cutaneous  brandies  are  two  in  number,  the  posterior  brachial  cutaneous 
and  the  dorsal  antibrachial  cutaneous. 

The  posterior  brachial  cutaneous  nerve  (n.  cutaneus  brachii  posterior;  internal 
cutaneous  branch  of  musculos'piral)  arises  in  the  axilla,  with  the  medial  muscular 
branch.  It  is  of  small  size,  and  passes  through  the  axilla  to  the  medial  side  of 
the  area  supplying  the  skin  on  its  dorsal  surface  nearly  as  far  as  the  olecranon. 
In  its  course  it  crosses  behind,  and  communicates  with,  the  intercostobrachial. 

The  dorsal  antibrachial  cutaneous  nerve  (n.  cutaneus  antibrachii  dorsalis;  external 
cutaneous  branch  of  musculospiral)  perforates  the  lateral  head  of  the  Triceps  brachii  at 
its  attachment  to  the  humerus.  The  upper  and  smaller  branch  of  the  nerve  passes 
to  the  front  of  the  elbow,  lying  close  to  the  cephalic  vein,  and  supplies  the  skin 
of  the  lower  half  of  the  arm  (Fig.  805).  The  lower  branch  pierces  the  deep  fascia 
below  the  insertion  of  the  Deltoideus,  and  descends  along  the  lateral  side  of  the 
arm  and  elbow,  and  then  along  the  back  of  the  forearm  to  the  wrist,  supplying 
the  skin  in  its  course,  and  joining,  near  its  termination,  with  the  dorsal  branch 
of  the  lateral  antibrachial  cutaneous  nerve  (Fig.  807). 

The  Superficial  Branch  of  the  Radial  Nerve  (ramus  superfioialis  radial  nerve) 
passes  along  the  front  of  the  radial  side  of  the  forearm  to  the  commencement  of 
its  lower  third.  It  lies  at  first  slightly  lateral  to  the  radial  artery,  concealed 
beneath  the  Brachioradialis.  In  the  middle  third  of  the  forearm,  it  lies  behind  the 
same  muscle,  close  to  the  lateral  side  of  the  artery.  It  quits  the  artery  about  7  cm. 
above  the  wTist,  passes  beneath  the  tendon  of  the  Brachioradialis,  and,  piercing 
the  deep  fascia,  divides  into  two  branches  (Fig.  807). 

The  lateral  branch,  the  smaller,  supplies  the  skin  of  the  radial  side  and  ball 
of  the  thumb,  joining  with  the  volar  branch  of  the  lateral  antibrachial  cutaneous 
nerve. 

The  medial  branch  communicates,  above  the  wrist,  with  the  dorsal  branch  of  the 
lateral  antibrachial  cutaneous,  and,  on  the  back  of  the  hand,  w^ith  the  dorsal 
branch  of  the  ulnar  nerve.      It  then  divides  into  four  digital  nerves,  which  are 
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distributed  as  follows:  the  first  supplies  the  ulnar  side  of  the  thumb;  the  second, 
the  radial  side  of  the  index  finger;  the  third,  the  adjoining  sides  of  the  index  and 
middle  fingers;  the  fourth  eonununicates  with  a  filament  from  the  dorsal  branch 
of  the  ulnar  nerve,  and  supplies  the  adjacent  sides  of  the  middle  and  ring 
fingers.^ 

The  Deep  Branch  of  the  Radial  Nerve  {n,  interosseus  dorsalis;  dorsal  or  poderior 
irUerosseoiLS  nerve)  winds  to  the  back  of  the  forearm  around  the  lateral  side  of  the 
radius  between  the  two  planes  of  fibres  of  the  Supinator,  and  is  prolonged  down- 
ward between  the  superficial  and  deep  layers  of  muscles,  to  the  middle  of  the 
forearm.  Considerably  diminished  in  size,  it  descends,  as  the  dorsal  interosseous 
nerve,  on  the  interosseous  membrane,  in  front  of  the  Extensor  pollicis  longus,  to  the 
back  of  the  carpus,  where  it  presents  a  gangliform  enlargement  from  which  filaments 
are  distributed  to  the  ligaments  and  articulations  of  the  carpus.  It  supplies  all 
the  muscles  on  the  radial  side  and  dorsal  surface  of  the  forearm,  excepting  the 
Anconaeus,  Brachioradialis,  and  Extenosr  carpi  radialis  longus. 

Apiftlied  Anatomy. — The  brachial  plexus  may  be  injured  by  falls  from  a  height  on  to  the  side 
of  the  head  and  shoulder,  whereby  the  nerves  of  the  plexus  are  violently  stretched;  the  fifth 
cervical  nerve  sustains  the  greatest  amount  of  injury,  and  the  subsequent  paralysis  may  be  con- 
fined to  the  muscles  supplied  by  this  nerve,  viz.,  the  Deltoideus,  Biceps  brachii,  Brachialis,  and 
Brachioradialis,  with  sometimes  the  Supra-  and  Infraspinatus  and  the  Supinator.  The  position 
of  the  limb,  imder  such  conditions,  is  characteristic;  the  arm  hangs  by  the  side  and  is  rotated 
inward;  the  forearm  is  extended  and  pronated.  The  arm  cannot  be  raised  from  the  side;  all 
power  of  flexion  of  the  elbow  is  lost,  as  is  also  supination  of  the  forearm.  This  is  known  as  Erb's 
paralysis,  and  a  very  similar  condition  is  occasionally  met  with  in  newborn  children,  either  from 
injury  to  the  fifth  nerve  from  the  pressure  of  forceps  used  in  aflfecting  delivery,  or  from  traction 
of  the  head  in  breech  presentations.  A  second  variety  of  partial  palsy  of  the  brachial  plexus 
is  known  as  Klumpke^s  paralysis.  In  this  it  is  the  eighth  cervical  and  first  thoracic  nerves  that 
are  injured,  either  before  or  after  they  have  joined  to  form  the  lower  trunk.  Atrophy  follows 
in  the  intrinsic  muscles  of  the  hand,  and  in  the  Flexors  of  the  fingers  and  wrist;  the  thenar  and 
hypothenar  eminences  waste  and  flatten;  the  fingers  cannot  be  spread  out  or  approximated,  on 
account  of  the  paralysis  of  the  Interossei,  and  become  clawed.  The  injury  to  the  nerves  may 
foUow  direct  violence  or  a  gunshot  wound. 

The  brachial  plexus  may  also  be  injiu^ed  by  violent  traction  on  the  arm,  or  by  efforts  at  reduc- 
ing a  dislocation  of  the  shoulder-joint;  and  the  amount  of  paralysis  will  depend  upon  the  amount 
of  injury  to  the  constituent  nerves.  When  the  entire  plexus  is  involved,  the  whole  of  the  \xpp& 
extremity  will  be  paralyzed  and  anesthetic.  In  these  cases  the  injury  appears  to  be  rather  a 
tearing  away  of  the  roots  of  the  nerves  from  the  medulla  spinalis,  than  a  ruptiu*e  of  the  nerves 
themselves.  The  brachial  plexus  in  the  axilla  is  often  damaged  from  the  pressure  of  a  crutch, 
producing  the  condition  known  as  crutch  paralysis.  In  these  cases  the  radial  seems  most  fre- 
quently to  be  the  nerve  implicated;  the  ulnar  nerve  suffers  next  in  frequency.  The  median  and 
radial  nerves  often  suffer  from  "sleep  palsies,"  paralysis  from  pressure  coming  on  while  the  patient 
is  profoundly  asleep  under  the  influence  of  alcohol  or  some  narcotic. 

Paralysis  of  the  long  thoracic  nerve  throws  the  Serratus  anterior  out  of  action,  and  may  occur 
in  porters  in  whom  the  nerve  is  exposed  to  injury  as  it  crosses  the  posterior  triangle  of  the  neck. 
The  inferior  angle  of  the  scapula  is  drawn  toward  the  middle  line,  by  the  unopposed  action  of  the 
Rhomboidei  and  Levator  scapulae,  and  tends  to  project  backward  when  the  arm  is  held  hori- 
zontally forward.  The  arm  cannot  be  raised  above  the  horizontal  unless  the  inferior  angle  of 
the  scapula  is  pushed  lateralward  for  the  patient. 

The  axillary  (circumflex)  nerve,  on  account  of  its  course  aroimd  the  surgical  neck  of  the  humerus, 
is  liable  to  be  torn  in  fractures  of  this  part  of  the  bone,  and  in  dislocations  of  the  shoulder-joint; 
paralysis  of  the  Deltoideus,  and  anesthesia  of  the  skin  over  the  lower  part  of  that  muscle,  result. 
According  to  Erb,  inflanmiation  of  the  shoulder-joint  is  liable  to  be  followed  by  a  neuritis  of  this 
nerve  from  extension  of  the  inflammation  to  it.  Paralysis  of  the  Deltoideus  renders  abduction 
of  the  arm  to  the  horizontal  level  impossible.  The  associated  paralysis  of  the  Teres  minor  Ib  not 
easily  demonstrated. 

Hilton  gave  the  axillary  nerve  as  an  illustration  of  a  law  which  he  laid  down,  that  "  the  same 
trunks  of  nerves  whose  branches  supply  the  groups  of  muscles  moving  a  joint,  furnish  also  a 

1  According  to  Hutchison,  the  digital  nerve  to  the  thumb  reaches  only  as  high  as  the  root  of  the  nail;  the  one  to  the 
forefinger  as  high  as  the  middle  of  the  second  jphalanx;  and  the  one  to  the  middle  and  ring  fingers  not  higher  than  the 
first  phalangeal  joint. — London  Hosp.  Gas.,  ui,  319. 


THE  CERVICAL  NERVES  971 

distribution  of  nerves  to  the  skin  over  the  insertions  of  the  same  muscles,  and  the  interior  of  the 
joint  receives  its  nerves  from  the  same  source."  In  this  way  he  explains  the  fact  that  an  inflamed 
joint  becomes  rigid. 

The  median  nerve  is  liable  to  injury  in  wounds  of  the  forearm.  In  such  cases  there  is  loss  of 
flexion  of  the  second  phalanges  of  all  the  fingers,  and  of  the  terminal  phalanges  of  the  index  and 
middle  fingers.  Flexion  of  the  terminal  phalanges  of  the  ring  and  little  fingers  is  effected  by  that 
portion  of  the  Flexor  digitorum  profundus  which  is  supplied  by  the  ulnar  nerve.  There  is  power 
to  flex  the  proximal  phalanges  through  the  Interossei.  The  thumb  cannot  be  flexed  or  opposed, 
and  is  maintained  in  a  position  of  extension  and  adduction.  There  is  loss  in  the  power  of  pronat- 
ing  the  forearm;  the  Brachioradialis  has  the  power  of  bringing  the  forearm  into  a  position  of  mid- 
pronation,  but  beyond  this  no  further  pronation  can  be  effected.  The  wrist  can  be  flexed,  if  the 
hand  is  first  adducted  by  the  action  of  the  Flexor  carpi  ulnaris.  There  is  loss  or  impairment  of 
sensation  on  the  volar  surfaces  of  the  thumb,  index,  middle,  and  radial  half  of  ring  fingers,  and 
on  the  dorsal  surfaces  of  the  same  fingers  over  the  last  two  phalanges;  except  in  the  thumb,  where 
the  loss  of  sensation  would  be  limited  to  the  back  of  the  last  phalanx.  In  old  cases  the  unopposed 
action  of  the  Interossei  produces  backward  dislocation  of  the  interphalangeal  joints.  The  thumb 
is  extended  and  adducted  to  the  index  finger,  cannot  be  flexed  or  abducted,  and  cannot  be  apposed 
to  any  one  of  the  fingers;  in  consequence  an  ''ape-like''  hand  is  produced.  More  commonly, 
however,  the  nerve  is  injured  just  above  the  annular  ligament  when  the  power  of  flexion  of  the 
fingers  and  pronation  of  the  forearm  remain  intact  unless  the  Flexor  tendons  are  also  divided. 
This  injury  seriously  interferes  with  the  use  of  the  hand,  as,  besides  the  wasting  of  the  muscles 
of  the  thenar  eminence,  great  trouble  is  experienced  from  the  trophic  changes  which  result  about 
the  skin  and  nails  of  the  fingers  which  are  anesthetic.  In  order  to  expose  the  median  nerve,  for 
the  purpose  of  uniting  the  divided  ends,  supposing  the  injury  to  be  just  above  the  wrist,  and 
incision  should  be  made  along  the  radial  side  of  the  tendon  of  the  pahnaris  longus,  which  serves 
as  a  guide  to  the  nerve. 

The  ulnar  nerve  is  also  liable  to  be  injured  in  woimds  of  the  forearm,  such  injury  leading  to 
impaired  power  of  uhiar  flexion,  and  upon  an  attempt  being  made  to  flex  the  wrist,  the  hand  is 
drawn  to  the  radial  side  from  paralysis  of  the  Flexor  carpi  ulnaris;  there  is  inability  to  spread 
out  the  fingers  from  paralysis  of  the  Interossei,  and  for  the  same  reason  the  fingers,  especially 
the  ring  and  little  fingers,  cannot  be  flexed  at  the  metacarpophalangeal  joints  or  extended  at  the 
interphalangeal  joints,  and  the  hand  assumes  a  claw  shape  from  the  action  of  the  opposing  muscles; 
there  is  loss  of  power  of  flexion  in  the  little  and  ring  fingers;  and  there  is  inability  to  adduct  the 
thumb.  The  muscles  of  the  hypothenar  eminence  become  wasted.  Sensation  is  lost,  or  impaired, 
in  the  skin  supphed  by  the  nerve.  In  order  to  expose  the  nerve  in  the  lower  part  of  the  forearm, 
an  incision  should  be  made  along  the  radial  border  of  the  tendon  of  the  Flexor  carpi  ulnaris,  and 
the  nerve  will  be  found  lying  on  the  ulnar  side  of  the  ulnar  artery.  This  nerve  may  be  also  affected 
in  cases  of  dislocation  of  the  shoulder  or  fracture  of  the  sivgical  neck  of  the  humerus.  Wasting 
of  the  muscles  which  it  suppUes  is  not  imcommonly  seen  where  a  ''cervical  rib"  is  present,  the 
lower  end  of  the  plexus  passing  between  this  and  the  first  thoracic  rib. 

The  radial  {musculoepiral)  nerve  is  also  frequently  injiu*ed.  In  consequence  of  its  close  rela- 
tionship to  the  humerus,  it  is  often  torn  or  injiured  in  fractures  of  this  bone,  or  subsequently 
involved  in  the  caUus  that  may  be  thrown  out  around  a  fracture,  and  thus  pressed  upon  and  its 
functions  interfered  with.  It  is  also  liable  to  be  contused  against  the  bone  by  kicks  or  blows, 
or  to  be  divided  in  woimds  of  the  arm.  When  paralyzed,  the  hand  is  flexed  at  the  wrist  and  lies 
flaccid.  This  is  known  as  wrist  drop.  The  fingers  are  also  flexed,  and  on  an  attempt  being  made 
to  extend  them,  the  last  two  phalanges  only  will  be  extended,  through  the  action  of  the  Interossei; 
the  first  phalanges  remaining  flexed.  There  is  no  power  of  extending  the  wrist.  Supination  is 
completely  lost  when  the  forearm  is  extended  on  the  arm,  but  is  possible  to-  a  certain  extent  if 
the  forearm  be  flexed  so  as  to  allow  of  the  action  of  the  Biceps  brachii.  The  power  of  extension 
of  the  forearm  is  lost  on  accoimt  of  paralysis  of  the  Triceps  brachii,  if  the  injury  to  the  nerve  has 
taken  place  near  its  origin.  In  cases  due  to  pressure,  sensation  is  hardly  affected;  severe  injury 
to  the  nerve  occasions  anesthesia  over  the  area  supplied  by  the  superficial  branch  of  the  radial 
nerve,  and,  if  the  lesion  be  high  up,  on  the  lateral  side  of  the  upper  arm  and  the  back  of  the 
forearm  (posterior  brachial  and  dorsal  antibrachial  cutaneous  branches)  as  well. 

The  nerve  is  best  exposed  by  making  an  incision  along  the  medial  border  of  the  Brachioradialis, 
just  above  the  level  of  the  elbow-joint.  The  skin  and  superficial  structures  are  to  be  divided 
and  the  deep  fascia  exposed.  The  white  line  in  the  fascia  indicating  the  border  of  the  muscle 
is  to  be  defined,  and  the  deep  fascia  divided  in  this  line.  On  raising  the  Brachioradialis,  the 
nerve  will  be  found  lying  between  it  and  the  Brachialis.  The  muscles  supphed  by  the  deep  branch 
of  the  radial  nerve  are  also  particularly  liable  to  be  affected  in  chronic  lead  poisoning;  here  the 
affection  is  probably  in  the  cells  of  the  anterior  column  of  the  medulla  spinalis.  Incisions  down 
to  the  neck  of  the  radius  posteriorly  or  on  the  lateral  side  should  never  be  made,  as  the  deep 
branch  of  the  radial  nerve  would  be  severed. 


The  Tboracie  Nerves  (Nn.  Tlioracales). 

The  anterior  divisions  of  the  tboracie  nerves  (rami  anUriores;  ventral  diriawm) 
are  twelve  in  number  on  either  side.  Eleven  of  them  are  situated  between  the  ribs, 
and  are  therefore  termed  intercostal;  the  twelfth  lies  below  the  last  rib.  Each  nene 
is  connected  with  the  adjoining  ganglion  of  the  sympathetic  trunk  by  a  gray  and  a 
white  ramus  communicans.  The  intercostal  nerves  are  distributed  chiefly  to  the 
parietes  of  the  thorax  and  abdomen,  and  differ  from  the  anterior  divisions  of  the 
other  spinal  nerves,  in  that  each  pursues  an  independent  course,  i.  e.-,  there  is  no 
plexus  formation.  The  first  two  nerves  supply  fibres  to  the  upper  limb  in  addition 
to  their  thoracic  branches;  the  next  four  are  limited  in  their  distribution  to  the 
parietes  of  the  thorax;  the  lower  five  supply  the  parietes  of  the  thorax  and  abdomen. 
The  twelfth  thoracic  is  distributed  to  the  abdominal  wall  and  the  skin  of  the  buttock. 

The  First  Thoiaeie  Nerve. — The  anterior  division  of  the  first  thoracic  nerve  divides 
into  two  branches:  one,  the  larger,  leaves  the  thorax  in  front  of  the  neck  of  the  first 
rib,  and  enters  the  brachial  plexus;  the  other  and  smaller  branch,  the  fiiat  intercostal 
nerve,  runs  along  the  first  intercostal  space,  and  ends  on  the  front  of  the  chest  as 
the  first  anterior  cutaneous  branch  of  the  thorax.  Occasionally  this  anterior  cuta- 
neous branch  is  wanting.  The  first  intercostal  nerve  as  a  rule  gives  off  no  lateral 
cutaneous  branch;  but  sometimes  it  sends  a  small  branch  to  communicate  with 
the  intercostobrachial.  From  the  second  thoracic  nerve  it  frequently  receives  a 
connecting  twig,  which  ascends  over  the  neck  of  the  second  rib. 


lOttral  ctUantoat 


The  Dpper  Thoracic  Nerves  (jin.  iniercosiaUs). — The  anterior  divisions  of  the 
second,  third,  fourth,  fifth,  and  sixth  thoracic  nerves,  and  the  small  branch  from  the 
first  thoracic,  are  confined  to  the  parietes  of  the  thorax,  and  are  named  thwuie 
intercostal  neives.  They  pass  forward  {Fig.  81 1)  in  the  intercostal  spaces  below  the 
intercostal  vessels.  At  the  back  of  the  chest  they  lie  between  the  pleura  and  the 
posterior  intercostal  membranes,  but  soon  pierce  the  latter  and  run  between  the 
two  planes  of  Intercostal  muscles  as  far  as  the  middle  of  the  rib.  They  then  enter 
the  substance  of  the  Intercostales  interni,  and,  running  amidst  their  fibres  as  far  as 
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the  costal  cartilages,  they  gain  the  inner  surfaces  of  the  muscles  and  lie  between 
them  and  the  pleura.  Near  the  sternum,  they  cross  in  front  of  the  internal  mammary 
artery  and  Transversus  thoracis  muscle,  pierce  the  Intercostales  interni,  the  anterior 
intercostal  membranes,  and  Pectoralis  major,  and  supply  the  integument  of  the 
front  of  the  thorax  and  over  the  mamma,  forming  the  anterior  cutaneous  branches 
of  the  thorax;  the  branch  from  the  second  nerve  unites  with  the  anterior  supra- 
clavicular nerves  of  the  cervical  plexus. 

Branches. — Numerous  slender  muscular  filaments  supply  the  Intercostales,  the 
Subcostales,  the  Levatores  costarum,  the  Serratus  posterior  superior,  and  the  Trans- 
versus thoracis.  At  the  front  of  the  thorax  some  of  these  branches  cross  the  costal 
cartilages  from  one  intercostal  space  to  another. 

Lateral  cutaneous  branches  {rami  cutanei  laterales)  are  derived  from  the  intercostal 
nerves,  about  midway  between  the  vertebrse  and  sternum;  they  pierce  the  Inter- 
costales extemi  and  Serratus  anterior,  and  divide  into  anterior  and  posterior 
branches.  The  anterior  branches  run  forward  to  the  side  and  the  forepart  of  the 
chest,  supplying  the  skin  and  the  mamma;  those  of  the  fifth  and  sixth  nerves 
supply  the  upper  digitations  of  the  Obliquus  externus  abdominis.  The  posterior 
branches  run  backward,  and  supply  the  skin  over  the  scapula  and  Latissimus  dorsi. 

The  lateral  cutaneous  branch  of  the  second  intercostal  nerve  does  not  divide, 
like  the  others,  into  an  anterior  and  a  posterior  branch;  it  is  named  the  intercosto- 
brachial  nerre  (Fig.  809).  It  pierces  the  Intercostalis  externus  and  the  Serratus 
anterior,  crosses  the  axilla  to  the  medial  side  of  the  arm,  and  joins  with  a  filament 
from  the  medial  brachial  cutaneous  nerve.  It  then  pierces  the  fascia,  and  supplies 
the  skin  of  the  upper  half  of  the  medial  and  posterior  part  of  the  arm,  communicat- 
ing with  the  posterior  brachial  cutaneous  branch  of  the  radial  nerve.  The  size 
of  the  intercostobrachial  nerve  is  in  inverse  proportion  to  that  of  the  medial  brachial 
cutaneous  nerve.  A  second  intercostobrachial  nerve  is  frequently  given  off  from 
the  lateral  cutaneous  branch  of  the  third  intercostal;  it  supplies  filaments  to  the 
axilla  and  medial  side  of  the  arm. 

The  Lower  Thoracic  Nenres. — ^The  anterior  divisions  of  the  seventh,  eighth,  ninth, 
tenth,  and  eleventh  thoracic  nerves  are  continued  anteriorly  from  the  intercostal 
spaces  into  the  abdominal  wall;  hence  they  are  named  thoracicoabdominal  inter- 
costal nerves.  They  have  the  same  arrangement  as  the  upper  ones  as  far  as  the 
anterior  ends  of  the  intercostal  spaces,  where  they  pass  behind  the  costal  cartilages, 
and  between  the  Obliquus  internus  and  Transversus  abdominis,  to  the  sheath  of 
the  Rectus  abdominis,  which  they  perforate.  They  supply  the  Rectus  abdominis 
and  end  as  the  anterior  cutaneous  branches  of  the  abdomen;  they  supply  the  skin 
of  the  front  of  the  abdomen.  The  lower  intercostal  nerves  supply  the  Intercostales 
and  abdominal  muscles;  the  last  three  send  branches  to  the  Serratus  posterior 
inferior.  About  the  middle  of  their  course  they  give  off  lateral  cutaneous  branches. 
These  pierce  the  Intercostales  extemi  and  the  Obliquus  externus  abdominis,  in  the 
same  line  as  the  lateral  cutaneous  branches  of  the  upper  thoracic  nerves,  and  divide 
into  anterior  and  posterior  branches,  which  are  distributed  to  the  skin  of  the  abdo- 
men and  back;  the  anterior  branches  supply  the  digitations  of  the  Obliquus  externus 
abdominis,  and  extend  dowTiward  and  forward  nearly  as  far  as  the  margin  of  the 
Rectus  abdominis;  the  posterior  branches  pass  backward  to  supply  the  skin  over 
the  Latissimus  dorsi. 

The  anterior  division  of  the  twelfth  thoracic  nenre  is  larger  than  the  others;  it 
runs  along  the  lower  border  of  the  twelfth  rib,  often  gives  a  communicating  branch 
to  the  first  lumbar  nerve,  and  passes  under  the  lateral  lumbocostal  arch.  It  then 
runs  in  front  of  the  Quadratus  lumborum,  perforates  the  Transversus,  and  passes 
forward  between  it  and  the  Obliquus  internus  to  be  distributed  in  the  same  manner 
as  the  lower  intercostal  nerves.  It  communicates  with  the  iliohypogastric  nerve 
of  the  lumbar  plexus,  and  gives  a  branch  to  the  Pyramidalis.    The  lateral  cutaneous 
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branch  of  the  last  thoracic  nerve  is  large,  and  does  not  divide  into  an  anterior  and 
a  posterior  branch.  It  perforates  the  Obliqui  intemus  and  extemus,  descends  over 
the  iliac  crest  in  front  of  the  lateral  cutaneous  branch  of  the  iliohypogastric  (Fig. 
819),  and  is  distributed  to  the  skin  of  the  front  part  of  the  gluteal  region,  some  of 
its  filaments  extending  as  low  as  the  greater  trochanter. 

Applied  Anatomy. — ^The  lower  seven  thoracic  nerves  and  the  iliohypogastric  from  the  first 
lumbar  nerve  supply  the  skin  of  the  abdominal  wall.  They  run  downward  and  forward  fairly 
equidistant  from  each  other.  The  sixth  and.seventh  supply  the  skin  over  the  *'  pit  of  the  stomach ;" 
the  eighth  corresponds  to  about  the  position  of  the  middle  tendinous  inscription  of  the  Rectus 
abdominis;  the  tenth  to  the  umbilicus;  and  the  iliohypogastric  supplies  the  skin  over  the  pubis 
and  subcutaneous  inguinal  ring.  In  many  diseases  affecting  the  nerve  trunks  at  or  near  their 
origins,  the  pain  is  referred  to  their  peripheral  terminations.  Thus,  in  Pott's  disease  of  the  verte- 
brae, children  often  suffer  from  pain  in  the  abdomen.  When  the  irritation  is  confined  to  a  single 
pair  of  nerves,  the  sensation  complained  of  is  often  a  feeling  of  constriction,  as  if  a  cord  were 
tied  around  the  abdomen,  and  in  these  cases  the  situation  of  the  sense  of  constriction  may  serve 
to  localize  the  disease  in  the  vertebral  column.  In  other  cases  where  the  bone  disease  is  more  ex- 
tensive, and  two  or  more  nerves  are  involved,  a  more  general,  diffused  pain  in  the  abdomen  is  felt. 

Again,  it  must  be  borne  in  mind  that  the  nerves  which  supply  the  skin  of  the  abdomen  supply 
also  the  planes  of  muscle  which  constitute  the  greater  part  of  the  abdominal  wall.  Hence,  any 
irritation  applied  to  the  peripheral  ends  of  the  cutaneous  branches  in  the  skin  of  the  abdomen 
is  immediately  followed  by  reflex  contraction  of  the  abdominal  muscles.  The  supply  of  both 
muscles  and  skin  from  the  same  source  is  of  importance  in  protecting  the  abdominal  viscera 
from  injury.  A  blow  on  the  abdomen,  even  of  a  severe  character,  will  do  no  injury  to  the  viscera 
if  the  muscles  are  in  a  condition  of  firm  contraction;  whereas  in  cases  where  the  muscles  have 
been  taken  unawares,  and  the  blow  has  been  struck  while  they  were  in  a  state  of  rest,  an  injur>' 
insufficient  to  produce  any  lesion  of  the  abdominal  wall  has  been  attended  with  rupture  of  some 
of  the  abdominal  contents.  The  importance,  therefore,  of  immediate  reflex  contraction  upon 
the  receipt  of  an  injury  cannot  be  overestimated,  and  the  intimate  association  of  the  cutaneous 
and  muscular  fibres  in  the  same  nerve  produces  a  much  more  rapid  response  on  the  part  of  the 
muscles  to  any  peripheral  stimulation  of  the  cutaneous  filaments  than  would  be  the  case  if  the 
two  sets  of  fibres  were  derived  from  independent  sources. 

The  nerves  supplying  the  abdominal  muscles  and  skin,  derived  from  the  lower  intercostal 
nerves,  are  intimately  connected  with  the  sympathetic  supplying  the  abdominal  viscera  through 
the  lower  thoracic  ganglia  from  which  the  splanchnic  nerves  are  derived.  In  consequence  of  this, 
in  laceration  of  the  abdominal  viscera  and  in  acute  peritonitis,  the  muscles  of  the  belly  wall 
become  firmly  contracted,  and  thus  as  far  as  possible  preserve  the  abdominal  contents  in  a 
condition  of  rest. 

The  Lumbosacral  Plexus  (Plexus  Lumbosacralis). 

The  anterior  divisions  of  the  lumbar,  sacral,  and  coccygeal  nerves  form  the 
lumbosacral  plexus,  the  first  lumbar  nerve  being  frequently  joined  by  a  branch 
from  the  twelfth  thoracic.  For  descriptive  purposes  this  plexus  is  usually  divided 
into  three  parts — the  lumbar,  sacral,  and  pudendal  plexuses. 

The  Lumbar  Nerves  (Nn.  Lumbales). 

The  anterior  divisions  of  the  lumbar  nerves  {rami  anteriores)  increase  in  size 
from  above  downward.  They  are  joined,  near  their  origins,  by  gray  rami  com- 
municantes  from  the  lumbar  ganglia  of  the  sympathetic  tnmk.  These  rami  consist 
of  long,  slender  branches  which  accompany  the  lumbar  arteries  around  the  sides  of 
the  vertebral  bodies,  beneath  the  Psoas  major.  Their  arrangement  is  somewhat 
irregular:  one  ganglion  may  give  rami  to  two  lumbar  nerves,  or  one  lumbar  ner\e 
may  receive  rami  from  two  ganglia.  The  first  and  second,  and  sometimes  the 
third  and  fourth  lumbar  nerves  are  each  connected  with  the  lumbar  part  of  the 
sympathetic  trunk  by  a  tvhite  ramus  communicans. 

The  nerves  pass  obliquely  outward  behind  the  Psoas  major,  or  between  its 
fasciculi,  distributing  filaments  to  it  and  the  Quadratus  lumborum.  The  first 
three  and  the  greater  part  of  the  fourth  are  connected  together  in  this  situation 
by  anastomotic  loops,  and  form  the  lumbar  plexus.    The  smaller  part  of  the  fourth 
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joins  with  the  fifth  to  form  the  lumbosacral  trask,  which  assists  in  the  formation 
of  the  sacral  plexus.  The  fourth  nerve  is  named  the  nervus  furcaliSi  from  the  fact 
that  it  is  subdivided  between  the  two  plexuses.^ 

The  Lumbar  Plexus  (plexus  lumbalis)  (Figs.  812,  813). — ^The  lumbar  plexus  is 
formed  by  the  loops  of  communication  between  the  anterior  divisions  of  the  first 
three  and  the  greater  part  of  the  fourth  lumbar  nerves;  the  first  lumbar  often 
receives  a  branch  from  the  last  thoracic  nerve.  It  is  situated  in  the  posterior  part 
of  the  Psoas  major,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae. 

— From  I2lh  thoracic 
—Ist  lumbar 


Ilioinguinal- 
Iliohypogaatric — ^  y^  ^^.y^^^nd  lumbar 

Genitofemoral 

.3r<2  lumbar 

Lai,femorail  cutaneous. 

jW^  I// 

/n/^iv  f/W// 

Mh  lurviiar 


To  Psoas  and 
niacus 


5th  lumbar 


Femoral 
Accessory  obturator 

Obturator 

Lumbosacral  trunk 

Fig.  812. — ^Plan  of  lumbar  plexus. 

The  mode  in  which  the  plexus  is  arranged  varies  in  different  subjects.  It  differs 
from  the  brachial  plexus  in  not  forming  an  intricate  interlacement,  but  the  several 
nerves  of  distribution  arise  from  one  or  more  of  the  spinal  nerves,  in  the  following 
manner:  the  first  lumbar  nerve,  frequently  supplemented  by  a  twig  from  the  last 
thoracic,  splits  into  an  upper  and  lower  branch;  the  upper  and  larger  branch  divides 
into  the  iliohypogastric  and  ilioinguinal  nerves;  the  lower  and  smaller  branch 
unites  with  a  branch  of  the  second  lumbar  to  form  the  genitofemoral  nerve.  The 
remainder  of  the  second  nerve,  and  the  third  and  fourth  nerves,  divide  into  ventral 
and  dorsal  divisions.  The  ventral  division  of  the  second  imites  with  the  ventral 
divisions  of  the  third  and  fourth  nerves  to  form  the  obturator  nerve.  The  dorsal 
divisions  of  the  second  and  third  nerves  divide  into  two  branches,  a  smaller  branch 
from  each  uniting  to  form  the  lateral  femoral  cutaneous  nerve,  and  a  larger  branch 

^  In  most  oaaea  th«  fourth  lumbar  ia  the  nertui  furcalis;  but  thia  arrangement  ie  frequently  departed  from.  The 
third  18  occasionally  the  lowest  nerve  which  enters  the  lumbar  plexus,  giving  at  the  same  time  some  fibres  to  the  sacral 
plexus,  and  thus  forming  the  nervus  furoalis;  or  both  the  third  and  fourth  may  be  f ureal  nerves.  When  this  occurs* 
the  plexus  is  termed  hi  th  or  prefixed.  More  frequentb^  the  fifth  nerve  is  divided  between  the  lumbar  and  sacral  plexuses* 
and  constitutes  the  nervus  furcalis;  and  when  this  takes  place,  the  plexus  is  distinguished  as  a  Urw  or  poatfixed  plexus. 
These  variations  necessarily  produce  corresponding  modifications  in  the  sacral  plexus. 


from  each  joining  with  the  dorsal  division  of  the  fourth  nerve  to  form  the  femoral 
nerve.  The  accessory  obturator,  when  it  exists,  is  formed  by -the  union  of  two  small 
branches  given  off  from  the  third  and  fourth  nerves. 


The  branches  of  the  lumbar  plexus  may  therefore  be  arranged  as  follows: 

Iliohjpogastric 1  L. 

Ilioinguinal 1  L. 

Genitofemoral  .        .  .       1, 2  L. 

Dorsal  divisions. 
Lateral  femora!  cutaneous  .       2,  3  L. 

Femoral.  .    .  ,       2, 3, 4  L. 

Ventral  divisions. 

Obturator  2,  3,  4  L. 

Accessory  obturator 3,  4  L. 

The  DiohypoKaatric  Nerve  («.  iUohyjxigastrints)  arises  from  the  first  lumbar  ner\e. 
It  emerges  from  the  upper  part  of  the  lateral  border  of  the  Psoas  major,  and  crosses 
obliquelj'  in  front  of  the  Quadratus  lumborum  to  the  iliac  crest.  It  then  perforates 
the  posterior  part  of  the  Transversns  abdominis,  near  the  crest  of  the  ilium,  and 
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divides  between  that  muscle  and  the  Obliquus  internus  abdominis  into  a  lateral 
and  an  anterior  cutaneous  branch. 

The  lateral  cutaneous  branch  (ramus  cutaneus  lateralis;  iliac  branch)  pierces  the 
Obliqui  internus  and  externus  immediately  above  the  iliac  crest,  and  is  distributed 
to  the  skin  of  the  gluteal  region,  behind  the  lateral  cutaneous  branch  of  the  last 
thoracic  nerv^e  (Fig.  819) ;  the  size  of  this  branch  bears  an  inverse  proportion  to  that 
of  the  lateral  cutaneous  branch  of  the  last  thoracic  nerve. 

The  anterior  cutaneous  branch  {ramus  cutaneus  anterior;  hypogastric  branch) 
(Fig.  814)  continues  onward  between  the  Obliquus  internus  and  Transversus.  It 
then  pierces  the  Obliquus  internus,  becomes  cutaneous  by  perforating  the  aponeu- 
rosis of  the  Obliquus  externus  about  2.5  cm.  above  the  subcutaneous  inguinal  ring, 
and  is  distributed  to  the  skin  of  the  hypogastric  region. 

The  iliohypogastric  nerve  communicates  with  the  last  thoracic  and  ilioinguinal 
nerves. 

The  nioini^uinal  Nerve  (w.  ilioinguinalis),  smaller  than  the  preceding,  arises  with 
it  from  the  first  lumbar  nerve.  It  emerges  from  the  lateral  border  of  the  Psoas 
major  just  below  the  iliohypogastric,  and,  passing  obliquely  across  the  Quadratus 
lumborum  and  Iliacus,  perforates  the  Transversus  abdominis,  near  the  anterior 
part  of  the  iliac  crest,  and  communicates  with  the  iliohypogastric  nerve  between  the 
Transversus  and  the  Obliquus  internus.  The  nerve  then  pierces  the  Obliquus 
internus,  distributing  filaments  to  it,  and,  accompanying  the  spermatic  cord  through 
the  subcutaneous  inguinal  ring,  is  distributed  to  the  skin  of  the  upper  and  medial 
part  of  the  thigh,  to  the  skin  over  the  root  of  the  penis  and  upper  part  of  the  scrotum 
in  the  male,  and  to  the  skin  covering  the  mons  pubis  and  labium  majus  in  the  female. 
The  size  of  this  nerve  is  in  inverse  proportion  to  that  of  the  iliohypogastric.  Occa- 
sionally it  is  very  small,  and  ends  by  joining  the  iliohypogastric;  in  such  cases,  a 
branch  from  the  iliohypogastric  takes  the  place  of  the  ilioinguinal,  or  the  latter 
nerve  may  be  altogether  absent. 

The  Genitofemoral  Nerve  (n.  genitofemoralis;  genitocrural  nerve)  arises  from  the 
first  and  second  lumbar  nerves.  It  passes  obliquely  through  the  substance  of  the 
Psoas  major,  and  emerges  from  its  medial  border,  close  to  the  vertebral  column, 
opposite  the  fibrocartilage  between  the  third  and  fourth  lumbar  vertebrae;  it 
then  descends  on  the  surface  of  the  Psoas  major,  under  cover  of  the  peritoneum, 
and  divides  into  the  external  spermatic  and  lumboinguinal  nerves.  Occasionally 
these  two  nerves  emerge  separately  through  the  substance  of  the  Psoas. 

The  external  spermatic  nerve  (n.  spermaticus  externus;  genital  branch  of  genOo- 
femoral)  passes  outward  on  the  Psoas  major,  and  pierces  the  fascia  transversalis,  or 
passes  through  the  abdominal  inguinal  ring;  it  then  descends  behind  the  spermatic 
cord  to  the  scrotum,  supplies  the  Cremaster,  and  gives  a  few  filaments  to  the  skin 
©rthe  scrotum.  In  the  female,  it  accompanies  the  round  ligament  of  the  uterus, 
and  is  lost  upon  it. 

The  lumboini^uinal  nerve  {n.  lumboinguinalis;  femoral  or  crural  branch  of  genito- 
femoral) descends  on  the  external  iliac  artery,  sending  a  few  filaments  around  it, 
and,  passing  beneath  the  inguinal  ligament,  enters  the  sheath  of  the  femoral  vessels, 
l^ang  superficial  and  lateral  to  the  femoral  artery.  It  pierces  the  anterior  layer  of 
the  sheath  of  the  vessels  and  the  fascia  lata,  and  supplies  the  skin  of  the  anterior 
surface  of  the  upper  part  of  the  thigh  (Fig.  814).  On  the  front  of  the  thigh  it 
communicates  with  the  anterior  cutaneous  branches  of  the  femoral  nerve.  A 
few  filaments  from  the  lumboinguinal  nerve  may  be  traced  to  the  femoral 
artery. 

The  Lateral  Femoral  Cutaneous  Nerve  (n.  cutaneus  femoralis  lateralis;  external 

cutaneous  nerte)  arises  from  the  dorsal  divisions  of  the  second  and  third  lumbar 

ner\'es.    It  emerges  from  the  lateral  border  of  the  Psoas  major  about  its  middle, 

and  crosses  the  Iliacus  obliquely,  toward  the  anterior  superior  iliac  spine.    It  then 
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The  antwior  branch  becomes  superficial  about  10  cm.  below  the  inguinal  ligament, 


and  divides  Into  branches  which 
lateral  parts  of  the  thigh,  as  far 
as  the  knee.  The  terminal  fila- 
ments of  this  nerve  frequently 
communicate  with  the  anterior 
cutaneous  branches  pf  the  femoral 
nerve,  and  with  the  infrapatellar 
branch  of  the  saphenous  nerve, 
forming  with  them  the  patellar 
plexus. 

The  posterior  branch  pierces  the 
fascia  lata,  and  subdivides  into 
filaments  which  pass  backward 
across  the  lateral  and  posterior 
surfaces  of  the  thigh,  supplying 
the  skin  from  the  level  of  the 
greater  trochanter  to  the  middle 
of  the  thigh. 

The  Obturator  Nerve  {n.  obtura- 
toriua)  arises  from  the  ventral 
divisions  of  the  second,  third, 
and  fourth  lumbar  nerves;  the 
branch  from  the  third  is  the 
largest,  while  that  from  the  sec- 
ond is  often  very  small.  It  de- 
scends through  the  fibres  of  the 
Psoas  major,  and  emerges  from 
its  medial  border  near  the  brim  of 
the  pelvis;  it  then  passes  behind 
the  common  iliac  vessels,  and  on 
the  lateral  side  of  the  hypogastric 
vessels  and  ureter,  which  separate 
it  from  the  ureter,  and  runs  along 
the  lateral  wall  of  the  lesser  pel- 
vis, above  and  in  front  of  the 
obturator  vessels,  to  the  upper 
part  of  the  obturator  foramen. 
Here  it  enters  the  thigh,  and 
divides  into  an  anterior  and  a 
posterior  branch,  which  are  sepa- 
rated at  first  by  some  of  the 
fibres  of  the  Obturator  externus, 
and  lower  down  by  the  Adductor 
brevis. 

The  anteiior  branch  (ramus 
anterioT)  (Fig.  816)  leaves  the 
pelvis  in  front  of  the  Obturator 
externus  and  descends  in  front  of 
the  Adductor  brevis,  and  behind 
the  Pectineus  and  Adductor 
longus;  at  the  lower  border  of 
the  latter  muscle  it  communi- 
cates with  the  anterior  cutaneous 
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and  saphenous  branches  of  the  femoral  nerve,  forming  a  kind  of  plexus.  It 
then  descends  upon  the  femoral  artery,  to  which  it  is  finally  distributed.  Near 
the  obturator  foramen  the  nerve  gives  off  an  articular  branch  to  the  hip-joint. 
Behind  the  Pectineus,  it  distributes  branches  to  the  Adductor  longus  and  Gracilis, 
and  usually  to  the  Adductor  brevis,  and  in  rare  cases  to  the  Pectineus;  it  receives 
a  communicating  branch  from  the  accessory  obturator  nerve  when  that  nen-e  is 
present. 

Occasionally  the  communicating  branch  to  the  anterior  cutaneous  and  saphenous 
branches  of  the  femoral  is  continued  down,  as  a  cutaneous  branch,  to  the  thigh 
and  leg.  When  this  is  so,  it  emerges  from  beneath  the  lower  border  of  the  Adductor 
longus,  descends  along  the  posterior  margin  of  the  Sartorius  to  the  medial  side  of 
the  knee,  where  it  pierces  the  deep  fascia,  communicates  with  the  saphenous  nerve, 
and  is  distributed  to  the  skin  of  the  tibial  side  of  the  leg  as  low  down  as  its  middle. 

The  posterior  branch  (ramus  posterior)  pierces  the  anterior  part  of  the  Obturator 
externus,  and  supplies  this  muscle;  it  then  passes  behind  the  Adductor  brevis  on 
the  front  of  the  Adductor  magnus,  where  it  divides  into  numerous  muscular 
branches  which  are  distributed  to  the  Adductor  magnus  and  the  Adductor  brevis 
when  the  latter  does  not  receive  a  branch  from  the  anterior  division  of  the  nerve. 
It  usually  gives  off  an  articular  filament  to  the  knee-joint. 

The  articular  branch  tor  the  knee-joint  is  sometimes  absent;  it  either  perforates 
the  lower  part  of  the  Adductor  magnus,  or  passes  through  the  opening  which  trans- 
mits the  femoral  artery,  and  enters  the  popliteal  fossa;  it  then  descends  upon  the 
popliteal  artery,  as  far  as  the  back  part  of  the  knee-joint,  where  it  perforates  the 
oblique  popliteal  ligament,  and  is  distributed  to  the  synovial  membrane.  It  gives 
filaments  to  the  popliteal  artery. 

The  Accessory  Obturator  Nerve  (n.  obturatorius  accessorius)  (Fig.  813)  is  present 
in  about  29  per  cent,  of  cases.  It  is  of  small  size,  and  arises  from  the  ventral  divi- 
sions of  the  third  and  fourth  lumbar  nerves.  It  descends  along  the  medial  border 
of  the  Psoas  major,  crosses  the  superior  ramus'  of  the  pubis,  and  passes  under  the 
Pectineus,  where  it  divides  into  numerous  branches.  One  of  "these  supplies  the 
Pectineus,  penetrating  its  deep  surface,  another  is  distributed  to  the  hip-joint; 
while  a  third  communicates  with  the  anterior  branch  of  the  obtiu-ator  nerve. 
Occasionally  the  accessory  obturator  nerve  is  very  small  and  is  lost  in  the  capsule 
of  the  hip-joint.  When  it  is  absent,  the  hip-joint  receives  two  branches  from  the 
obturator  nerve. 

The  Femoral  Nerve  (n.  femoralis;  anterior  crural  nerve)  (Fig.  816),  the  largest 
branch  of  the  lumbar  plexus,  arises  from  the  dorsal  divisions  of  the  second,  third, 
and  fourth  lumbar  nerves.  It  descends  through  the  fibres  of  the  Psoas  major, 
emerging  from  the  muscle  at  the  lower  part  of  its  lateral  border,  and  passes  down 
between  it  and  the  Iliacus,  behind  the  iliac  fascia;  it  then  runs  beneath  the  inguinal 
ligament,  into  the  thigh,  and  splits  into  an  anterior  and  a  posterior  division.  Under 
the  inguinal  ligament,  it  is  separated  from  the  femoral  artery  by  a  portion  of  the 
Psoas  major. 

Within  the  abdomen  the  femoral  nerve  gives  off  small  branches  to  the  Iliacus, 
and  a  branch  which  is  distributed  upon  the  upper  part  of  the  femoral  artery;  the 
latter  branch  may  arise  in  the  thigh. 

In  the  thigh  the  anterior  division  of  the  femoral  nerve  gives  off  anterior  cuta- 
neous and  muscular  branches.  The  anterior  cutaneous  branches  comprise  the 
intermediate  and  medial  cutaneous  nerves  (Fig.  814). 

The  intermediate  cutaneous  nerve  {ramus  cvianeus  anterior;  middle  cutaneous 
nerve)  pierces  the  fascia  lata  (and  generally  the  Sartorius)  about  7.5  cm.  below 
the  inguinal  ligament,  and  divides  into  two  branches  which  descend  in  immediate 
proximity  along  the  forepart  of  the  thigh,  to  supply  the  skin  as  low  as  the  front 
of  the  knee.    Here  they  communicate  with  the  medial  cutaneous  nerve  and  the  I 
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infrapatellar  branch  of  the  saphenous,  to  form  the  patellar  plexus.  In  the  upper 
part  of  the  thigh  the  lateral  branch  of  the  intermediate  cutaneous  communicates 
with  the  lumboinguinal  branch  of  the  genitofemoral  nerve. 

The  medial  cutaneous  nerve  {rarrms  cutanetis  anterior;  internal  cutaneous  nerve) 
passes  obliquely  across  the  upper  part  of  the  sheath  of  the  femoral  artery,  and  divides 
in  front,  or  at  the  medial  side  of  that  vessel,  into  two  branches,  an  anterior  and  a 
posterior.  The  anterior  branch  ruus  downward  on  the  Sartorius,  perforates  the 
fascia  lata  at  the  lower  third  of  the  thigh,  and  divides  into  two  branches:  one 
supplies  the  integument  as  low  down  as  the  medial  side  of  the  knee;  the  other 
crosses  to  the  lateral  side  of  the  patella,  communicating  in  its  course  with  the  infra- 
patellar branch  of  the  saphenous  nerve.  The  posterior  branch  descends  along  the 
medial  border  of  the  Sartorius  muscle  to  the  knee,  where  it  pierces  the  fascia  lata, 
communicates  with  the  saphenous  nerve,  and  gives  off  several  cutaneous  branches. 
It  then  passes  down  to  supply  the  integument  of  the  medial  side  of  the  leg.  Beneath 
the  fascia  lata,  at  the  lower  border  of  the  Adductor  longus,  it  joins  to  form  a  plexi- 
form  net-work  (subsartorial  plexus)  with  branches  of  the  saphenous  and  obturator 
nerves.  When  the  communicating  branch  from  the  obturator  nerve  is  large  and 
continued  to  the  integument  of  the  leg,  the  posterior  branch  of  the  medial  cutaneous 
is  small,  and  terminates  in  the  plexus,  occasionally  giving  off  a  few  cutaneous 
filaments.  The  medial  cutaneous  nerve,  before  dividing,  gives  off  a  few  filaments, 
which  pierce  the  fascia  lata,  to  supply  the  integument  of  the  medial  side  of  the 
thigh,  accompanying  the  long  saphenous  vein.  One  of  these  filaments  passes 
through  the  saphenous  opening;  a  second  becomes  subcutaneous  about  the  middle 
of  the  thigh;  a  third  pierces  the  fascia  at  its  lower  third. 

Muscular  Branches  {rami  musculares) , — The  nerre  to  the  Pectineus  arises 
immediately  below  the  inguinal  ligament,  and  passes  behind  the  femoral  sheath  to 
enter  the  anterior  surface  of  the  muscle;  it  is  often  duplicated.  The  nerve  to  the 
Sartorius  arises  in  common  with  the  intermediate  cutaneous. 

The  posterior  division  of  the  femoral  nerve  gives  off  the  saphenous  nerve,  and 
muscular  and  articular  branches. 

The  Saphenous  Nertre  (n.  saphenus;  long  or  internal  saphenous  nerve)  (Fig.  816) 
is  the  largest  cutaneous  branch  of  the  femoral  nerve.  It  approaches  the  femoral 
artery  where  this  vessel  passes  beneath  the  Sartorius,  and  lies  in  front  of  it,  behind 
the  aponeurotic  covering  of  the  adductor  canal,  as  far  as  the  opening  in  the  lower 
part  of  the  Adductor  magnus.  Here  it  quits  the  artery,  and  emerges  from  behind 
the  lower  edge  of  the  aponeurotic  covering  of  the  canal;  it  descends  vertically 
along  the  medial  side  of  the  knee  behind  the  Sartorius,  pierces  the  fascia  lata, 
between  the  tendons  of  the  Sartorius  and  Gracilis,  and  becomes  subcutaneous. 
The  nerve  then  passes  along  the  tibial  side  of  the  leg,  accompanied  by  the  great 
saphenous  vein,  descends  behind  the  medial  border  of  the  tibia,  and,  at  the  lower 
third  of  the  leg,  divides  into  two  branches:  one  continues  its  course  along  the  margin 
of  the  tibia,  and  ends  at  the  ankle;  the  other  passes  in  front  of  the  ankle,  and  is 
distributed  to  the  skin  on  the  medial  side  of  the  foot,  as  far  as  the  ball  of  the  great 
toe,  communicating  with  the  medial  branch  of  the  superficial  peroneal  nerve. 

Branches. — ^The  saphenous  nerve,,  about  the  middle  of  the  thigh,  gives  off  a 
branch  which  joins  the  subsartorial  plexus. 

At  the  medial  side  of  the  knee  it  gives  off  a  large  infrapatellar  branch,  which 
pierces  the  Sartorius  and  fascia  lata,  and  is  distributed  to  the  skin  in  front  of  the 
patella.  This  nerve  communicates  above  the  knee  with  the  anterior  cutaneous 
branches  of  the  femoral  nerve;  below  the  knee,  with  other  branches  of  the  saphenous; 
and,  on  the  lateral  side  of  the  joint,  with  branches  of  the  lateral  femoral  cutaneous 
nerve,  forming  a  plexiform  net-work,  the  plexus  patellae.  The  infrapatellar  branch 
is  occasionally  small,  and  ends  by  joining  the  anterior  cutaneous  branches  of  the 
femoral,  which  supply  its  place  in  front  of  the  knee. 
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Below  the  knee,  the  branches  of  the  saphenous  nerve  are  distributed  to  the  skin 
of  the  front  and  medial  side  of  the  leg,  communicating  with  the  cutaneous  branches 
of  the  femoral,  or  with  filaments  from  the  obturator  nerve. 

The  muscular  branches  supply  the  four  parts  of  the  Quadriceps  femoris.  The 
branch  to  the  Rectus  femoris  enters  the  upper  part  of  the  deep  surface  of  the  muscle, 
and  supplies  a  filament  to  the  hip-joint.  The  branch  to  the  Vastus  lateralis,  of 
large  size,  accompanies  the  descending  branch  of  the  lateral  femoral  circumflex 
artery  to  the  lower  part  of  the  muscle.  It  gives  off  an  articular  filament  to  the 
knee-joint.  The  branch  to  the  Vastus  medialis  descends  lateral  to  the  femoral 
vessels  in  company  with  the  saphenous  nerve.  It  enters  the  muscle  about  its  middle, 
and  gives  off  a  filament,  which  can  usually  be  traced  downward,  on  the  surface  of 
the  muscle,  to  the  knee-joint.  The  branches  to  the  Vastus  intermedins,  two  or 
three  in  number,  enter  the  anterior  surface  of  the  muscle  about  the  middle  of  the 
thigh;  a  filament  from  one  of  these  descends  through  the  muscle  to  the  Articularis 
genu  and  the  knee-joint.  The  articular  branch  to  the  Up-joint  is  derived  from  the 
nerve  to  the  Rectus  femoris. 

The  articular  branches  to  the  knee-joint  are  three  in  number.  One,  a  long  slender 
filament,  is  derived  from  the  nerve  to  the  Vastus  lateralis;  it  penetrates  the  capsule 
of  the  joint  on  its  anterior  aspect.  Another,  derived  #om  the  nerve  to  the  Vastus 
medialis,  can  usually  be  traced  downward  on  the  surface  of  this  muscle  to  near  the 
joint;  it  then  penetrates  the  muscular  fibres,  and  accompanies  the  articular  branch 
of  the  highest  genicular  artery,  pierces  the  medial  side  of  the  articular  capsule, 
and  supplies  the  synovial  membrane.  The  third  branch  is  derived  from  the  nerve 
to  the  Vastus  intermedins. 

The  Sacral  and  Coccygeal  Nerves  (Nn.  Sacrales  et  Coccygeus). 

The  anterior  divisions  of  the  sacral  and  coccygeal  nerves  (rami  anteriores)  form 
the  sacral  and  pudendal  plexuses.  The  anterior  divisions  of  the  upper  four  sacral 
nerves  enter  the  pelvis  through  the  anterior  sacral  foramina,  that  of  the  fifth 
between  the  sacrum  and  coccyx,  while  that  of  the  coccygeal  nerve  curves  forward 
below  the  rudimentary  transverse  process  of  the  first  piece  of  the  coccyx.  The 
first  and  second  sacral  nerves  are  large;  the  third,  fourth,  and  fifth  diminish  pro- 
gressively from  above  downward.  Each  receives  a  gray  ramus  communicans 
from  the  corresponding  ganglion  of  the  sympathetic  trunk,  while  from  the  third, 
and  frequently  from  the  second  and  the  fourth  sacral  nerves,  a  white  ramus  com- 
municans is  given  to  the  pelvic  plexuses  of  the  sympathetic. 

The  Sacral  Plexus  {plexus  sacralis)  (Fig.  817). — The  sacral  plexus  is  formed  by 
the  lumbosacral  trunk,  the  anterior  division  of  the  first,  and  portions  of  the  anterior 
divisions  of  the  second  and  third  sacral  nerves. 

The  lumbosacral  trunk  comprises  the  whole  of  the  anterior  division  of  the  fifth 
and  a  part  of  that  of  the  fourth  lumbar  nerve;  it  appears  at  the  medial  margin  of 
the  Psoas  major  and  runs  downward  over  the  pelvic  brim  to  join  the  first  sacral 
nerve.  The  anterior  division  of  the  third  sacral  nerve  divides  into  an  upper  and  a 
lower  branch,  the  former  entering  the  sacral  and  the  latter  the  pudendal  plexus. 

The  nerves  forming  the  sacral  plexus  converge  toward  the  lower  part  of  the  greater 
sciatic  foramen,  and  unite  to  form  a  flattened  band,  from  the  anterior  and  posterior 
surfaces  of  which  several  branches  arise.  The  band  itself  is  continued  as  the  sciatic 
nerve,  which  splits  on  the  back  of  the  thigh  into  the  tibial  and  common  peroneal 
nerves;  these  two  nerves  sometimes  arise  separately  from  the  plexus,  and  in  all 
cases  their  independence  can  be  shown  by  dissection. 

Belations. — The  sacral  plexus  lies  on  the  back  of  the  pelvis  between  the  Piriformis  and  the 
pelvic  fascia  (Fig.  818);  in  front  of  it  are  the  hypogastric  vessels,  the  ureter  and  the  sigmoid  colon. 
The  superior  gluteal  vessels  run  between  the  lumbosacral  trunk  and  the  first  sacral  nerve,  and  the 
inferior  gluteal  vessels  between  the  second  and  third  sacral  nerves. 

All  the  nerves  entering  the  plexus,  with  the  exception  of  the  third  sacral,  split  into  ventral 
and  dorsal  divisions,  and  the  nerves  arising  from  these  are  as  follows: 


THE  SACRAL  AND  COCCYGEAL  NERVES 

Ventral  divisions.  Dorsal  divisions. 

Nerve  to  Quadratu3  femoris      I  ^  c  t    i  c 

and  Gemellus  inferior  j-  4,  i>  L,  1  &. 

Nerve  to  Obturator  intemus      \  c  t        9  c 

and  Gemellus  superior  /        '    ' 

Nerve  to  Piriformis (1)  2  S. 

Superior  gluteal 4,  5  L,  1  S. 

Inferior  gluteal 5  L,  1,  2  S. 

Posterior  femoral  cutaneous         2,  3  S     .  1,  2  S, 

Q  .  ^.     /  Tibial     .       .       .        4,  5  L,  1,  2,  3  S. 

sciatic    ^  Common  peroneal 4,  5  L,  1,  2  S. 
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The  Nerve  to  the  Qtudratna  Femoris  «nd  Qemellus  Inferior  arises  from  the  ventral 
divisions  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves:  it  leaves  the  peh-is 
through  the  greater  sciatic  foramen,  below  the  Piriformis,  and  runs  down  in  front  of 
the  sciatic  nerve,  the  Gemelli,  and  the  tendon  of  the  Obturator  internus,  and  eaten 
the  anterior  surfaces  of  the  muscles;  it  gives  an  articular  branch  to  the  hip-joint. 

The  Hem  to  the  Obtnrator  Intemna  and  Gemellna  Superior  arises  from  the  ventral 
divisions  of  the  fifth  lumbar  and  first  and  second  sacral  nen'es.  It  leaves  the  pelvis 
through  the  greater  sciatic  foramen  below  the  Piriformis,  and  gives  off  the  branch 
to  the  Gemellus  superior,  which  enters  the  upper  part  of  the  posterior  surface  of 
the  muscle.  It  then  crosses  the  ischial  spine,  reenters  the  pelvis  through  the 
lesser  sciatic  foramen,  and  pierces  the  pelvic  surface  of  the  Ohturatordfiternus. 


The  Herre  to  the  Piriformis  arises  from  the  dorsal  di\'ision  of  the  second  sacral 
nerve,  or  the  dorsal  divisions  of  the  first  and  second  sacral  nerves,  and  enters 
the  anterior  surface  of  the  muscle;  this  ner\e  ma,\'  be  double. 

The  Superior  Otateal  Norre  (n,  glutaats  superior)  arises  from  the  dorsal  divisions 
of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves:  it  leaves  the  pelvis  through 
the  greater  sciatic  foramen  above  the  Piriformis,  accompanied  by  the  superior 
gluteal  vessels,  and  divides  into  a  superior  and  an  inferior  branch.  The  snperioc 
branch  accompanies  the  upper  branch  of  the  deep  division  of  the  superior  gluteal 
artery  and  ends  in  the  Glutaeus  minimus.  The  inferior  branch  runs  with  the  lower 
branch  of  the  deep  di\ision  of  the  superior  gluteal  arterj'  across  the  Glutaeus 
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minimus;  it  gives  filaments  to  the  Glutaei  medius  and  minimus,  and  ends  in  the 
Tensor  fasciae  latae. 

The  Inferior  Gluteal  Nerve  (n.  ghiiaeus  inferior)  arises  from  the  dorsal  divisions 
of  the  fifth  lumbar  and  first  and  second  sacral  nerves:  it  leaves  the  pelvis  through 
the  greater  sciatic  foramen,  below  the  Piriformis,  and  divides  into  branches  which 
enter  the  deep  surface  of  the  Glutaeus  maximus. 

The  Posterior  Femoral  Cutaneous  Nerve  (n.  cutaneus  fevioralis  posterior;  small 
sdaiic  nerve)  is  distributed  to  the  skin  of  the  perineum  and  posterior  surface  of 
the  thigh  and  leg.  It  arises  partly  from  the  dorsal  divisions  of  the  first  and  second, 
and  from  the  ventral  divisions  of  the  second  and  third  sacral  nerves,  and  issues  from 
the  pelvis  through  the  greater  sciatic  foramen  below  the  Piriformis.  It  then  descends 
beneath  the  Glutaeus  maximus  with  the  inferior  gluteal  artery,  and  runs  down  the 
back  of  the  thigh  beneath  the  fascia  lata,  and  over  the  long  head  of  the  Biceps 
femoris  to  the  back  of  the  knee;  here  it  pierces  the  deep  fascia  and  accompanies 
the  small  saphenous  vein  to  about  the  middle  of  the  back  of  the  leg,  its  terminal 
twigs  communicating  with  the  sural  nerve. 

Its  branches  are  all  cutaneous,  and  are  distributed  to  the  gluteal  region,  the  peri- 
neum, and  the  back  of  the  thigh  and  leg. 

The  gluteal  branches  (nn,  clunivminferiores),  three  or  four  in  number,  turn  upward 
around  the  lower  border  of  the  Glutaeus  maximus,  and  supply  the  skin  covering 
the  lower  and  lateral  part  of  that  muscle. 

The  perineal  branches  (rami  perineales)  are  distributed  to  the  skin  at  the  upper 
and  medial  side  of  the  thigh.  One  long  perineal  branch,  inferior  pudendal  (long 
scrotal  nerve)  y  curves  forward  below  and  in  front  of  the  ischial  tuberosity,  pierces 
the  fascia  lata,  and  runs  forward  beneath  the  superficial  fascia  of  the  perineum  to 
the  skin  of  the  scrotum  in  the  male,  and  of  the  labium  majus  in  the  female.  It 
conmiunicates  with  the  inferior  hemorrhoidal  and  posterior  scrotal  nerves. 

The  branches  to  the  back  of  the  thigh  and  leg  consist  of  numerous  filaments  derived 
from  both  sides  of  the  nerve,  and  distributed  to  the  skin  covering  the  back  and 
medial  side  of  the  thigh,  the  popliteal  fossa,  and  the  upper  part  of  the  back  of  the 
leg  (Fig.  819). 

The  Sciatic  (n.  ischiadicus;  great  sciatic  nerve)  (Fig.  821)  supplies  nearly  the  whole 
of  the  skin  of  the  leg,  the  muscles  of  the  back  of  the  thigh,  and  those  of  the  leg 
and  foot.  It  is  the  largest  nerve  in  the  body,  measuring  2  cm.  in  breadth,  and  is 
the  continuation  of  the  flattened  band  of  the  sacral  plexus.  It  passes  out  of  the 
pelvis  through  the  greater  sciatic  foramen,  below  the  Piriformis  muscle.  It  descends 
between  the  greater  trochanter  of  the  femur  and  the  tuberosity  of  the  ischium,  and 
along  the  back  of  the  thigh  to  about  its  lower  third,  where  it  divides  into  two  large 
branches,  the  tibial  and  common  peroneal  nerves.  This  division  may  take  place 
at  any  point  between  the  sacral  plexus  and  the  lower  third  of  the  thigh.  When  it 
occurs  at  the  plexus,  the  common  peroneal  nerve  usually  pierces  the  Piriformis. 

In  the  upper  part  of  its  course  the  nerve  rests  upon  the  posterior  surface  of  the 
ischium,  the  nerve  to  the  Quadratus  femoris,  the  Obturator  internus  and  Gemelli, 
and  the  Quadratus  femoris;  it  is  accompanied  by  the  posterior  femoral  cutaneous 
nerve  and  the  inferior  gluteal  artery,  and  is  covered  by  the  Glutaeus  maximus. 
Lower  down,  it  lies  upon  the  Adductor  magnus,  and  is  crossed  obliquely  by  the 
long  head  of  the  Biceps  femoris. 

The  nerve  gives  off  articular  and  muscular  branches. 

The  articular  branches  {ravii  articvlares)  arise  from  the  upper  part  of  the  nerve 
and  supply  the  hip-joint,  perforating  the  posterior  part  of  its  capsule;  they  are 
sometimes  derived  from  the  sacral  plexus. 

The  muscular  branches  (rami  mnsculares)  are  distributed  to  the  Biceps  femoris, 
Semitendinosus,  Semimembranosus,  and  Adductor  magnus.  The  nerve  to  the  short 
head  of  the  Biceps  femoris  comes  from  the  common  peroneal  part  of  the  sciatic, 


while  the  other  muscular  branches  arise  from  the  tibial  portion,  as  may  be  seen  i 
those  cases  where  there  is  a  high  division  of  the  sciatic  nerve. 
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The  Tibial  Nerve  {n.  tibialis;  internal 
popliteal  mrve)  (Fig.  82J)  the  larger  of 
the  two  terminal  branches  of  the  sci- 
atic, arises  from  the  anterior  branches 
of  the  fourth  and  fifth  lumbar   and  Supcr 

first,  second,  and  third  sacraf  nerves.  3^"^ 

It  descends  along  the  back  of  the  thigh  PvtUm 

and  through  the  middle  of  the  popliteal    ow«m<mT.'un 
fossa,  to  the  lower  part  of  the  Popliteus 
muscle,  where  it  passes  with  the  pop-        Po^t.fem. 
liteal  arterj'  beneath  the  arch  of  the         pcrintai 
Soleus.     It  then  runs  along  the  back  branch 

of  the  leg  with  the  posterior  tibial 
vessels  to  the  interval  between  the 
medial  malleolus  and  the  heel,  where  /Vjce, 

it  divides  beneath  the  laciniate  liga-  cutan 

ment  into  the  medial  and  lateral 
plantar  nerves.  In  the  thigh  it  is 
overlapped  by  the  hamstring  muscles 
above,  and  then  becomes  more  super- 
ficial, and  lies  lateral  to,  and  some 
distance  from,  the  popliteal  vessels; 
opposite  the  knee-joint,  it  is  in  close 
relation  with  these  vessels,  and  crosses 
to  the  medial  side  of  the  artery.  In  the 
leg  it  is  covered  in  the  upper  part  of 
its  course  by  the  muscles  of  the  calf; 
lower  down  by  the  skin,  the  superficial 
and  deep  fasciie.  It  is  placed  on  the 
deep  muscles,  and  lies  at  first  to  the  -^ff- ' 

medial  side  of  the  posterior  tibial 
artery,  but  soon  crosses  that  vessel  and  ^ 

descends  on  its  lateral  side  as  far  as 
the  ankle.  In  the  lower  third  of  the 
leg  it  runs  parallel  with  the  medial 
margin  of  the  tendo  calcaneus. 

The  branches  of  this  nerve  are:  artic- 
ular, moacalsr,  medial  sural  cataneons, 
medial  calcaneal,  medial  and  lateral 
plantar. 

Articalar  branches  (_rami  atiiculares), 
usually  three  in  number,  supply  the 
knee-joint;  two  of  these  accompany 
the  superior  and  inferior  medial  genic- 
ular arteries;  and  a  third,  the  middle 
genicular  artery.  Just  above  the  bi- 
furcation of  the  nerve  an  articular 
branch  is  given  off  to  the  ankle-joint.  j^, 

Hnsenlar  branches  (rami  musculares),  calta 

four  or  five  in  number,  arise  from  the 
nerve  as  it  lies  between  the  two  heads 
of   the   Gastrocnemius   muscle;    they  ''"'*  ^'""'^'"pd^rior'^Jii''' 
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supply  that  muscle,  and  the  Plantaris,  Soleus,  and  Popliteus.  The  branch  for  the 
Popliteus  turns  around  the  lower  border  and  is  distributed  to  the  deep  surface  of  the 
muscle.  Lower  down,  muscular  branches  arise  separately  or  by  a  conunon  trunk  and 
supply  the  Soleus,  Tibialis  posterior,  Flexor  digitorum  longus,  and  Flexor  hallucis 
longus;  the  branch  to  the  last  muscle  accompanies  the  peroneal  artery;  that  to  the 
Soleus  enters  the  deep  surface  of  the  muscle. 

The  medial  sural  cutaneous  nerve  (n.  cutaneus  surae  medialis;  n.  communicans 
tibialis)  descends  between  the  two  heads  of  the  Gastrocnemius,  and,  about  the 
middle  of  the  back  of  the  leg,  pierces  the  deep  fascia,  and  unites  with  the  anasto- 
motic ramus  of  the  common  peroneal  to  form  the  sural  nerve  (Fig.  819). 

The  sural  nerve  {n.  suralis;  short  saphenous  nerve),  formed  by  the  junction  of  the 
medial  sural  cutaneous  with  the  peroneal  anastomotic  branch,  passes  downward 
near  the  lateral  margin  of  the  tendo  calcaneus,  lying  close  to  the  small  saphenous 
vein,  to  the  interval  between  the  lateral  malleolus  and  the  calcaneus.  It  runs 
forward  below  the  lateral  malleolus,  and  is  continued  as  the  lateral  dorsal  eutaneoos 
nerve  along  the  lateral  side  of  the  foot  and  little  toe,  communicating  on  the  dorsum 
of  the  foot  with  the  intermediate  dorsal  cutaneous  nerve,  a  branch  of  the  superficial 
peroneal.  In  the  leg,  its  branches  communicate  with  those  of  the  posterior  femoral 
cutaneous. 

The  medial  calcaneal  branches  {rami  calcanei  mediales;  internal  calcaneal  branches) 
perforate  the  laciniate  ligament,  and  supply  the  skin  of  the  heel  and  medial  side 
of  the  sole  of  the  foot. 

The  medial  plantar  nerve  (n.  plantaris  medialis;  internal  plantar  nerve)  (Fig.  822), 
the  larger  of  the  two  terminal  divisions  of  the  tibial  nerve,  accompanies  the  medial 
plantar  artery.  From  its  origin  under  the  laciniate  ligament  it  passes  under  cover 
of  the  Abductor  hallucis,  and,  appearing  between  this  muscle  and  the  Flexor  digi- 
torum brevis,  gives  off  a  proper  digital  plantar  nerve  and  finally  divides  opposite 
the  bases  of  the  metatarsal  bones  into  three  common  digital  plantar  nerves. 

BrAlNCHES. — ^The  branches  of  the  medial  plantar  nerve  are:  (1)  cutaneous, 
(2)  muscular,  (3)  articular,  (4)  a  proper  diflfital  nerve  to  the  medial  side  of  the  great 
toe,  and  (5)  three  common  digital  nerves. 

The  cutaneous  branches  pierce  the  plantar  aponeurosis  between  the  Abductor 
hallucis  and  the  Flexor  digitorum  brevis  and  are  distributed  to  the  skin  of  the  sole 
of  the  foot. 

The  muscular  branches  supply  the  Abductor  hallucis,  the  Flexor  digitorum  brevis, 
the  Flexor  hallucis  brevis,  and  the  first  Lumbricalis;  these  for  the  Abductor  hallucis 
and  Flexor  digitorum  brevis  arise  from  the  trunk  of  the  nerve  near  its  origin  and 
enter  the  deep  surfaces  of  the  muscles;  the  branch  of  the  Flexor  hallucis  hreyis 
springs  from  the  proper  digital  nerve  to  the  medial  side  of  the  great  toe,  and  that 
for  the  first  Lumbricalis  from  the  first  common  digital  nerve. 

The  articular  branches  supply  the  articulations  of  the  tarsus  and  metatarsus. 

The  proper  digital  nerve  of  the  great  toe  {nn.  digitales  plantares  praprii;  plantar 
digital  branches)  supplies  the  Flexor  hallucis  brevis  and  the  skin  on  the  medial  side 
of  the  great  toe. 

The  three  conmion  digital  nerves  (nn.  digitales  plantares  communes)  pass  between 
the  divisions  of  the  plantar  aponeurosis,  and  each  splits  into  two  proper  digital 
nerves — those  of  the  first  common  digital  nerve  supply  the  adjacent  sides  of  the 
great  and  second  toes;  those  of  the  second,  the  adjacent  sides  of  the  second  and 
third  toes;  and  those  of  the  third,  the  adjacent  sides  of  the  third  and  fourth  toes. 
The  third  common  digital  nerve  receives  a  communicating  branch  from  the  lateral 
plantar  nerve;  the  first  gives  a  twig  to  the  first  Lumbricalis.  Each  proper  digital 
nerve  gives  off  cutaneous  and  articular  filaments;  and  opposite  the  last  phalanx 
sends  upward  a  dorsal  branch,  which  supplies  the  structures  around  the  nail, 
the  continuation  of  the  nerve  being  distributed  to  the  ball  of  the  toe.    It  will  be 
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observed  that  these  digital  nerves  are  similar  in  their  distribution  to  those  of  the 
median  nerve  in  the  hand. 

The  Lateral  Plantar  Nerve  (n.  plantaris  lateralis;  external  plantar  nerce)  (Fig. 
S22)  supplies  the  skin  of  the  fifth  toe  and  lateral  half  of  the  fourth,  as  well  as  most 
of  the  deep  muscles,  its  distribution  being  similar  to  that  of  the  ulnar  nerve  in  the 
hand.  It  passes  obliquely  forward  with  the  lateral  plantar  artery  to  the  lateral 
side  of  the  foot,  lying  between  the  Flexor  digitorum  brevis  and  Quadratus  plantae; 
and,  in  the  interval  between  the  former  muscle  and  the  abductor  digiti  quinti, 
divides  into  a  superficial  and  a  deep  branch.  Before  its  division,  it  supplies  the 
Quadratus  plantae  and  Abductor  digiti  quinti. 

The  saperflci&l  branch  {ramus  superfidalis)  splits  into  a  proper  and  a  common 

digital  nerve;  the  proper  digital  ner\e  supplies  the  lateral  side  of  the  little  toe, 

the  Flexor  digiti  quinti  brevis,  and  the   two 

Intcrossei  of  the  fourth  intermetatarsai  space; 

the  common  digital  nerve  communicates  with 

the  third  common  digital  branch  of  the  medial 

plantar  nerve  and  divides  into  two    proper 

J-  .  Ij.  digital  nerves  which    supply    the    adjoining 

plan  sides  of  the  fourth  and  fifth  toes. 


Fio.  822.— The  pUntur  otrva.  ouUuwoui  aervss  of  th>  sole  ot  the  foot. 

The  deep  branch  (ramus  profundus;  muscular  branch)  accompanies  the  lateral 
plantar  artery  on  the  deep  surface  of  the  tendons  of  the  Flexor  muscles  and  the 
Adductor  hallucis,  and  supplies  all  the  Interossei  (except  those  in  the  fourth 
metatarsal  space),  the  second,  third,  and  fourth  Lumbricales,  and  the  Adductor 
hallucis. 

The  CoDuntm  Peroneal  Nerve  (n.  peronaeus  communis;  external  popliteal  nerve; 
peroneal  nerve)  (Fig.  821),  about  one-half  the  size  of  the  tibial,  is  derived  from  the 
dorsal  branches  of  the  fourth  and  fifth  lumbar  and  the  first  and  second  sacral 
nerves.  It  descends  obliquely  along  the  lateral  side  of  the  popliteal  fossa  to  the  head 
of  the  fibula,  close  to  the  medial  margin  of  the  Biceps  femoris  muscle.  It  lies 
between  the  tendon  of  the  Biceps  femoris  and  lateral  head  of  the  Gastrocnemius 
muscle,  winds  around  the  neck  of  the  fibula,  between  the  Peronaeus  longus  and  the 
bone,  and  divides  beneath  the  muscle  into  the  superficial  and  deep  peroneal  nerves. 
Previous  to  its  division  it  gives  off  articular  and  lateral  sural  cutaneous  nerves. 
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The  articiilar  branches  {rami  articulares)  are  three  in  number;  two  of  these  accom- 
pany the  superior  and  inferior  lateral  genicular  arteries  to  the  knee;  the  upper  one 
occasionally  arises  from  the  trunk  of  the  sciatic  nerve.  The  third  (recurrent) 
articular  nerv^e  is  given  off  at  the  point  of  division  of  the  common  peroneal  nerve; 
it  ascends  with  the  anterior  recurrent  tibial  artery  through  the  Tibialis  anterior  to 
the  front  of  the  knee. 

The  lateral  sural  cutaneous  nerve  (n.  cvianeus  surae  lateralis;  lateral  cutaneous 
branch)  supplies  the  skin  on  the  posterior  and  lateral  surfaces  of  the  leg;  one 
branch,  the  peroneal  anastomotic  (n.  communicans  fibtdaris),  arises  near  the  head 
of  the  fibula,  crosses  the  lateral  head  of  the  Gastrocnemius  to  the  middle  of  the 
leg,  and  joins  with  the.  medial  sural  cutaneous  to  form  the  sural  nerve.  The 
peroneal  anastomotic  is  occasionally  continued  down  as  a  separate  branch  as  far 
as  the  heel. 

The  Deep  Peroneal  Nerve  (n.  peronaeus  profundus;  anterior  tibial  nerve)  (Fig. 
816)  begins  at  the  bifurcation  of  the  common  peroneal  nerve,  between  the  fibula 
and  upper  part  of  the  Peronaeus  longus,  passes  obliquely  forward  beneath  the 
Extensor  digitorum  longus  to  the  front  of  the  interosseous  membrane,  and  comes 
into  relation  with  the  anterior  tibial  artery  above  the  middle  of  the  leg;  it  then 
descends  with  the  artery  to  the  front  of  the  ankle-joint,  where  it  divides  into  a  lateral 
and  a  medial  terminal  branch.  It  lies  at  first  on  the  lateral  side  of  the  anterior 
tibial  artery,  then  in  front  of  it,  and  again  on  its  lateral  side  at  the  ankle-joint. 

In  the  leg,  the  deep  peroneal  nerve  supplies  muscular  branches  to  the  Tibialis 
anterior.  Extensor  digitorum  longus,  Peronaeus  tertius,  and  Extensor  hallucis 
proprius,  and  an  articular  branch  to  the  ankle-joint. 

The  lateral  terminal  branch  {external  or  tarsal  branch)  passes  across  the  tarsus, 
beneath  the  Extensor  digitorum  brevis,  and,  having  become  enlarged  like  the  dorsal 
interosseous  nerve  at  the  wrist,  supplies  the  Extensor  digitorum  brevis.  From  the 
enlargement  three  minute  interosseous  branches  are  given  off,  which  supply  the  tarsal 
joints  and  the  metatarsophalangeal  joints  of  the  second,  third,  and  fourth  toes. 
The  first  of  these  sends  a  filament  to  the  second  Interosseus  dorsali's  muscle. 

The  medial  terminal  branch  {internal  branch)  accompanies  the  dorsalis  pedis 
artery  along  the  dorsum  of  the  foot,  and,  at  the  first  interosseous  space,  divides 
into  two  dorsal  digital  nerves  {nn.  digitales  dorsales  hallucis  lateralis  et  digiti  secundi 
medialis)  which  supply  the  adjacent  sides  of  the  great  and  second  toes,  communicat- 
ing with  the  medial  dorsal  cutaneous  branch  of  the  superficial  peroneal  nerve. 
Before  it  divides  it  gives  off  to  the  first  space  an  interosseous  branch  which  supplies 
the  metatarsophalangeal  joint  of  the  great  toe  and  sends  a  filament  to  the  first 
Interosseous  dorsalis  muscle. 

The  Superficial  Peroneal  Nerve  (n.  peronaeus  superficialis;  musculocutaneous  nerte) 
(Fig.  816)  supplies  the  Peronei  longus  and  brevis  and  the  skin  over  the  greater  part 
of  the  dorsum  of  the  foot.  It  passes  forward  between  the  Peronaei  and  the  Extensor 
digitorum  longus,  pierces  the  deep  fascia  at  the  lower  third  of  the  leg,  and  divides 
into  a  medial  and  an  intermediate  dorsal  cutaneous  nerve.  In  its  course  between 
the  muscles,  the  nerve  gives  off  muscular  branches  to  the  Peronaei  longus  and  brevis, 
and  cutaneous  filaments  to  the  integument  of  the  lower  part  of  the  leg. 

The  medial  dorsal  cutaneous  nerve  (n.  cutaneus  dorsalis  medialis;  internal  dorsal 
cutaneous  branch)  passes  in  front  of  the  ankle-joint,  and  divides  into  two  dorsal 
digital  branches,  one  of  which  supplies  the  medial  side  of  the  great  toe,  the  other, 
the  adjacent  side  of  the  second  and  third  toes.  It  also  supplies  the  integument  of 
the  medial  side  of  the  foot  and  ankle,  and  communicates  with  the  saphenous  nerve, 
and  with  the  deep  peroneal  nerve  (Fig.  814). 

The  intermediate  dorsal  cutaneous  nerve  (n.  cutaneus  dorsalis  intermedius;  external 
dorsal  cutaneous  branch),  the  smaller,  passes  along  the  lateral  part  of  the  dorsum 
of  the  foot,  and  divides  into  dorsal  digital  branches,  which  supply  the  contiguous 
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sides  of  the  third  and  fourth,  and  of  the  fourth  and  fifth  toes.  It  also  supplies 
the  skin  of  the  lateral  side  of  the  foot  and  ankle,  and  communicates  with,  the  sural 
nerve  (Fig.  814). 

The  branches  of  the  superficial  peroneal  nerve  supply  the  skin  of  the  dorsal 
surfaces  of  all  the  toes  excepting  the  lateral  side  of  the  little  toe,  and  the  adjoining 
sides  of  the  great  and  second  toes,  the  former  being  supplied  by  the  lateral  dorsaJ 
cutaneous  nerve  from  the  sural  nerve,  and  the  latter  by  the  medial  branch  of  the 
deep  peroneal  nerve.  Frequently  some  of  the  lateral  branches  of  the  superficial 
peroneal  are  absent,  and  their  places  are  then  taken  by  branches  of  the  sural  nerve. 

The  Pudendal  Plexus  {plexus  yudendus)  (Fig.  817). — ^The  pudendal  plexus  is 
not  sharply  marked  off  from  the  sacral  plexus,  and  as  a  consequence  some  of  the 
branches  which  spring  from  it  may  arise  in  conjunction  with  those  of  the  sacral 
plexus.  It  lies  on  the  posterior  wall  of  the  pelvis,  and  is  usually  formed  by  branches 
from  the  anterior  divisions  of  the  second  and  third  sacral  nerves,  the  whole  of  the 
anterior  divisions  of  the  fourth  and  fifth  sacral  nerves,  and  the  coccygeal  nerve. 

It  gives  off  the  following  branches: 


Perforating  cutaneous 

2,  3  S. 

Pudendal 

2,  3,  4  S. 

Visceral 

.       .       3, 4S. 

Muscular 

.       .       4S. 

Anococcygeal 

4,  5  S.  and  Cocc 

The  Perforating  Cutaneous  Nerve  (n.  clunium  inferior  medialis)  usually  arises  from 
the  posterior  surface  of  the  second  and  third  sacral  nerves.  It  pierces  the  lower 
part  of  the  sacrotuberous  ligament,  and  winding  around  the  inferior  border  of  the 
Glutaeus  maximus  supplies  the  skin  covering  the  medial  and  lower  parts  of  that 
muscle. 

The  perforating  cutaneous  nerve  may  arise  from  the  pudendal  or  it  may  be  absent;  in  the 
latter  case  its  place  may  be  taken  by  a  branch  from  the  posterior  femoral  cutaneous  nerve  or  by 
a  branch  from  the  third  and  fourth,  or  fourth  and  fifth,  sacral  nerves. 

The  Pudendal  Nerve  (n,  pudendics;  irUemal  pvdic  nerve)  derives  its  fibres  from  the 
ventral  branches  of  the  second,  third,  and  fourth  sacral  nerves.  It  passes  between 
the  Piriformis  and  Coccygeus  muscles  and  leaves  the  pelvis  through  the  lower  part 
of  the  greater  sciatic  foramen.  It  then  crosses  the  spine  of  the  ischium,  and 
reenters  the  pelvis  through  the  lesser  sciatic  foramen.  It  accompanies  the  internal 
pudendal  vessels  upward  and  forward  along  the  lateral  wall  of  the  ischiorectal 
fossa,  being  contained  in  a  sheath  of  the  obturator  fascia  termed  Alcock's  canal, 
and  divides  into  two  terminal  branches,  viz.,  the  perineal  nerve,  and  the  dorsal  nerve 
of  the  penis  or  clltoiis.  Before  its  division  it  gives  off  the  inferior  hemorrhoidal 
nerve. 

The  inferior  hemorrhoidal  nerve  (n.  haemorrhoidalis  inferior)  occasionally  arises 
directly  from  the  sacral  plexus;  it  crosses  the  ischiorectal  fossa,  with  the  inferior 
hemorrhoidal  vessels,  toward  the  anal  canal  and  the  lower  end  of  the  rectum, 
and  is  distributed  to  the  Sphincter  ani  externus  and  to  the  integument  around  the 
anus.  Branches  of  this  nerve  conununicate  with  the  perineal  branch  of  the  posterior 
femoral  cutaneous  and  with  the  posterior  scrotal  nerves  at  the  forepart  of 
the  perineum. 

The  perineal  nerve  (n.  perinei),  the  inferior  and  larger  of  the  two  terminal  branches 
of  the  pudendal,  is  situated  below  the  internal  pudendal  artery.  It  accompanies 
the  perineal  artery  and  divides  into  posterior  scrotal  (or  labial)  and  muscular  branches. 

The  posterior  scrotal  (or  labial)  branches  (nn.  scrotales  {or  labiales)  posteriores; 
superficial  peroneal  nerves)  are  two  in  number,  medial  and  lateral.  They  pierce 
the  fascia  of  the  urogenital  diaphragm,  and  run  forward  along  the  lateral  part  of 
the  urethral  triangle  in  company  with  the  posterior  scrotal  branches  of  the  perineal 
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artery;  they  are  distributed  to  the  skin  of  the  scrotum  and  communicate  with  the 
perineal  branch  of  the  posterior  femoral  cutaneous  nerve.  These  nerves  supply  the 
labium  majus  in  the  female. 

The  muscular  branches  are  distributed  to  the  Transversus  perinaei  superficialis, 
Bulbocavernous,  Ischiocavernosus,  and  Constrictor  urethrae.  A  branch,  the 
nerve  to  the  bulb,  given  off  from  the  nerve  to  the  Bulbocavernosus,  pierces  this 
muscle,  and  supplies  the  corpus  cavernosum  urethrae,  ending  in  the  mucous 
membrane  of  the  urethra. 

The  dorsal  nerve  of  the  penis  (n.  dorsalis  penis)  is  the  deepest  division  of  the  puden- 
dal nerve;  it  accompanies  the  internal  pudendal  artery  along  the  ramus  of  the 
ischium;  it  then  runs  forward  along  the  margin  of  the  inferior  ramus  of  the  pubis, 
between  the  superior  and  inferior  layers  of  the  fascia  of  the  urogenital  diaphragm. 
Piercing  the  inferior  layer  it  gives  a  branch  to  the  corpus  cavernosum  penis,  and 
passes  forward,  in  company  with  the  dorsal  artery  of  the  penis,  between  the  layers 
of  the  suspensory  ligament,  on  to  the  dorsum  of  the  penis,  and  ends  on  the  glans 
penis.  In  the  female  this  nerve  is  very  small,  and  supplies  the  clitoris  (n.  dorsalis 
clitoridis). 

The  Visceral  Branches  arise  from  the  third  and  fourth,  and  sometimes  from  the 
second,  sacral  nerves,  and  are  distributed  to  the  bladder  and  rectum  and,  in  the 
female,  to  the  vagina;  they  communicate  with  the  pelvic  plexuses  of  the  sympathetic. 

The  Muscular  Branches  are  derived  from  the  fourth  sacral,  and  supply  the  Levator 
ani,  Coccygeus,  and  Sphincter  ani  externus.  The  branches  to  the  Levator  ani 
and  Coccygeus  enter  their  pelvic  surfaces;  that  to  the  Sphincter  ani  externus 
(perineal  branch)  reaches  the  ischiorectal  fossa  by  piercing  the  Coccygeus  or  by 
passing  between  it  and  the  Levator  ani.  Cutaneous  filaments  from  this  branch 
supply  the  skin  between  the  anus  and  the  coccyx. 

Anococcygeal  Nerves  (nn,  anococcygei). — ^The  fifth  sacral  nerve  receives  a  com- 
municating filament  from  the  fourth,  and  unites  with  the  coccygeal  nerve  to  form 
the  coccygeal  plexus.  From  this  plexus  the  anococcygeal  nerves  take  origin;  they 
consist  of  a  few  fine  filaments  which  pierce  the  sacrotuberous  ligament  to  supply 
the  skin  in  the  region  of  the  coccyx. 

Applied  Anatomy. — The  lumbar  plexus  passes  through  the  Psoas  major,  and  therefore  in  psoas 
abscess  any  or  all  of  its  branches  may  be  irritated,  causing  severe  pain  in  the  part  to  which  the 
irritated  nerves  are  distributed.  The  genitofemoral  nerve  is  the  one  which  is  most  frequently 
implicated.  This  nerve  is  also  of  importance  as  it  is  concerned  in  one  of  the  principal  superficial 
reflexes  employed  in  the  investigation  of  diseases  of  the  medulla  spinalis.  If  the  skin  over  the 
medial  side  of  the  thigh  just  below  the  inguinal  ligament  (the  part  supplied  by  the  lumboinguinal 
nerve)  be  gently  tickled  in  a  male  child,  the  testes  will  be  drawn  upward,  through  the  action 
of  the  Cremaster  muscle,  supplied  by  the  limiboinguinal  nerve.  The  same  result  may  sometimes 
be  noticed  in  adults,  and  can  almost  always  be  produced  by  severe  stimulation.  This  reflex, 
when  present,  shows  that  the  portion  of  the  cord  from  which  the  first  and  second  lumbar  nerves 
are  derived  is  in  a  normal  condition. 

The  femoral  nerve  is  in  danger  of  being  injured  in  fractures  of  the  lesser  pelvis,  since  the  frac- 
ture most  conmionly  takes  place  through  the  superior  ramus  of  the  pubis,  at  or  near  the  point 
where  this  nerve  crosses  the  bone.  It  is  also  hable  to  be  pressed  upon,  and  its  functions  impaired, 
by  some  tumors  growing  in  the  pelvis.  Moreover,  on  accoimt  of  its  superficial  position,  it  is 
exposed  to  injury  in  wounds  and  stabs  in  the  groin.  Its  central  origin  is  often  affected  in  cases 
of  infantile  paralysis.  When  this  nerve  is  paralyzed,  the  patient  is  unable  to  flex  his  hip  com- 
pletely, on  account  of  the  paralysis  of  the  Iliacus;  or  to  extend  the  knee  on  the  thigh,  on  account 
of  paralysis  of  the  Quadriceps  femoris;  there  is  complete  paralysis  of  the  Sartorius,  and  partial 
paralysis  of  the  Pectineus.  There  is  loss  of  sensation  down  the  front  and  medial  side  of  the  thigh, 
except  in  that  part  supplied  by  the  lumboinguinal  and  ilioinguinal  nerves.  There  is  also  loss 
of  sensation  down  the  medial  side  of  the  leg  and  foot  as  far  as  the  ball  of  the  great  toe. 

The  obturator  nerve  is  rarely  paralyzed  alone,  but  occasionally  in  association  with  the  femoral. 
The  principal  interest  attached  to  it  is  in  connection  with  its  supply  to  the  knee;  pain  in  the 
knee  being  symptomatic  of  many  diseases  in  which  the  trunk  of  this  nerve,  or  one  of  its  branches, 
is  irritated.  Thus  it  is  well  known  that  in  the  earUer  stages  of  hip-joint  disease  the  patient  does 
not  always  complain  of  pain  in  that  articulation,  but  on  the  medial  side  of  the  knee,  or  in  the 
knee-joint  itself,  both  of  these  articulations  being  supplied  by  the  obturator  nerve,  the  final 
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distribution  of  the  nerve  being  to  the  knee-joint.  Again,  the  same  thing  occurs  in  sacroiliac 
disease;  pain  is  complained  of  in  the  knee-joint,  or  on  its  medial  side.  The  obturator  nerve  is 
in  close  relationship  with  the  sacroiliac  articulation,  passing  over  it,  and,  according  to  some 
anatomists,  distributing  filaments  to  it.  Further,  in  cancer  of  the  sigmoid  colon,  and  even  in 
cases  where  masses  of  hardened  feces  are  impacted  in  this  portion  of  the  gut,  pain  is  complained 
of  in  the  knee.  The  left  obturator  nerve  lies  beneath  the  sigmoid  colon,  and  is  readily  pressed 
upon  and  irritated  when  disease  exists  in  this  part  of  the  intestine.  Finally,  pain  in  the  knee 
forms  an  important  diagnostic  sign  in  obturator  hernia.  The  hernial  protrusion  as  it  passes 
out  through  the  opening  in  the  obturator  membrane  presses  upon  the  nerve  and  causes  pain  in 
the  parts  supplied  by  its  peripheral  filaments.  When  the  obturator  nerve  is  paralyzed,  the 
patient  is  imable  to  press  his  knees  together  or  to  cross  one  leg  over  the  other,  on  account  of 
paralysis  of  the  Adductor  muscles.  Rotation  outward  of  the  thigh  is  impaired  from  paralysis 
of  the  Obturator  extemus.  Sometimes  there  is  loss  of  sensation  in  the  upper  half  of  the  medial 
side  of  the  thigh. 

The  sciatic  nerve  is  liable  to  be  pressed  upon  by  various  forms  of  pelvic  tumor,  giving  rise  to 
pain  along  its  trunk,  to  which  the  term  sciatica  is  applied.  Tumors  growing  from  the  pelvic 
viscera,  especially  advanced  cancer  of  the  rectum,  aneurisms  of  some  of  the  branches  of  the 
hypogastric  artery,  calculus  in  the  bladder  when  of  large  size,  accumulation  of  feces  in  the  rectum, 
may  all  cause  pressure  on  the  nerve  inside  the  pelvis,  and  give  rise  to  sciatica.  Outside  the  pelvis 
violent  movements  of  the  hip-joint,  exostoses  or  other  tumors  growing  from  the  margin  of  the 
greater  sciatic  foramen,  may  also  give  rise  to  the  same  condition.  Most  cases  of  sciatica,  however, 
are  due  to  neuritis  of  the  sciatic  nerve  from  exposure  to  cold,  and  it  occurs  more  often  in  men  than 
in  wonaen,  in  the  latter  half  of  life,  and  often  in  association  with  rheumatism,  gout,  or  diabetes 
mellitiis.  The  inflamed  nerve  is  often  sensitive  to  pressure,  particularly  in  certain  "tender  spots," 
e.  g.y  near  the  posterior  iliac  spine,  at  the  sciatic  notch,  about  the  middle  of  the  back  of  the  thigh, 
in  the  popliteal  fossa,  below  the  head  of  the  fibula,  behind  the  malleoli,  on  the  dorsum  of  the 
foot,  and  pain  is  felt  whenever  extension  of  the  leg  is  attempted,  and  the  nerve  is  stretched. 
Paralysis  of  the  sciatic  nerve  is  rarely  complete;  when  the  lesion  occurs  high  up  there  is  palsy 
of  the  Biceps  femoris,  Semimembranosus,  and  Semitendinosus,  and  of  the  muscles  below  the 
knee.  If  the  lesion  be  lower  down,  there  is  loss  of  motion  in  all  the  muscles  below  the  knee,  and 
loss  of  sensation  in  the  same  situation,  except  the  upper  half  of  the  back  of  the  leg,  which  is  sup-, 
plied  by  the  posterior  femoral  cutaneous,  and  in  the  upper  half  of  the  medial  side  of  the  leg,  when 
the  communicating  branch  of  the  obturator  is  large  (see  p.  980).  Lesions  of  the  common  peroneal 
ner\''e  cause  paralysis  of  the  Tibialis  anterior,  the  Peronaei,  the  long  Extensors  of  the  toes,  and 
the  short  Extensdr  on  the  dorsum  of  the  foot.  "Foot  drop"  follows,  dorsal  flexion  of  the  toes 
and  abduction  of  the  foot  becoming  impossible.  Later  on  talipes  results,  largely  by  the  action 
of  gravity  or  by  the  weight  of  the  superincumbent  bedclothes  when  the  patient  lies  in  bed,  aided 
by  the  contracture  of  the  unopposed  posterior  crural  group  of  muscles. 

The  sciatic  nerve  has  been  frequently  cut  down  upon  and  stretched,  or  has  been  acupunctured, 
for  the  relief  of  sciatica.  In  order  to  define  it  on  the  surface,  a  point  is  taken  at  the  junction  of 
the  middle  and  lower  thirds  of  a  line  stretching  from  the  posterior  superior  spine  of  the  ilium  to 
the  lateral  part  of  the  ischial  tuberosity,  and  a  line  drawn  from  this  to  the  middle  of  the  upper 
part  of  the  popliteal  fossa.  The  line  must  be  slightly  curved  with  its  convexity  outward,  and 
as  it  passes  downward  to  the  lower  border  of  the  Glutaeus  maximus  is  slightly  nearer  to  .the 
ischial  tuberosity  than  to  the  greater  trochanter,  as  it  crosses  a  line  drawn,  between  these  two 
points.  The  operation  of  stretching  the  sciatic  nerve  is  performed  by  making  an  incision  over 
the  course  of  the  nerve  beneath  the  fold  of  the  buttock.  The  skin,  superficial  structures,  and 
deep  fascia  having  been  divided,  the  hamstrings  are  defined,  and  pulled  apart  with  retractors. 
The  nerve  will  be  found  lying  on  the  Adductor  magnus  and  covered  by  the  Biceps  femoris.  It 
is  to  be  separated  from  the  siurounding  structures,  hooked  up  with  the  finger,  and  stretched 
by  steady  and  continuous  traction  for  two  or  three  minutes.  The  sciatic  nerve  may  also  be 
stretched  by  what  is  known  as  the  "  dry"  plan.  The  patient  is  laid  on  his  back,  the  foot  is  extended, 
the  leg  flexed  on  the  thigh,  and  the  thigh  strongly  flexed  on  the  abdomen.  While  the  thigh  is 
maintained  in  this  position,  the  leg  is  forcibly  extended  to  its  full  extent,  and  the  foot  as  fully 
flexed  on  the  leg. 

The  position  of  the  conmion  peroneal  nerve,  close  behind  the  tendon  of  the  Biceps  femoris, 
on  the  lateral  side  of  the  popliteal  fossa,  should  be  remembered  in  subcutaneous  division  of  the 
tendon.  After  the  tendon  is  divided,  thp  common  peroneal  nerve  rises  up  as  a  cord  and  might 
be  mistaken  for  a  small  undivided  portion  of  the  tendon.  Where  this  nerve  winds  around  the 
neck  of  the  fibula,  it  is  also  liable  to  be  severed  accidentally  if  its  exact  situation  is  not  kept  in 
mind,  and  especial  care  must  be  used  when  dealing  with  sinuses  leading  down  to  carious  bone 
in  this  situation.  Section  of  the  nerve  results  in  complete  "foot  drop"  from  paralysis  of  the 
anterior  tibial  group  of  muscles  and  inversion  of  the  foot  from  the  unopposed  action  of  the  Tibialis 
posterior,  the  Peronaei  being  paralyzed,  together  with  anesthesia  of  the  parts  supplied  by  the 
nerve,  and,  owing  to  loss  of  nutrition,  the  limb  frequently  becomes  blue  and  cold,  and  may  develop 
"trophic"  sores. 
63 
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two  branches,  which.  lie  one  on  the  lateral  and  the  other  on  the  medial  side  of  that 
vessel. 

The  lateral  branch,  the  larger  of  the  two,  distributes  filaments  to  the  internal 
carotid  artery-,  and  forms  the  internal  carotid  plexus. 

The  mediid  branch  also  distributes  filaments  to  the  internal  carotid  artery,  and, 
continuing  onward,  forms  the  cavernous  plexus. 

The  internal  carotid  plexus  (plexus  caroticus  intemus;  carotid  plexus)  is  situated 
on  the  lateral  side  of  the  internal  carotid  artery-,  and  in  the  plexus  there  occasionally 
exists  a  small  gangliform  swelling,  the  carotid  ganglion,  on  the  under  surface  of 
the  artery.  The  internal  carotid  plexus  communicates  with  the  semilunar  gan- 
glion, the  abducent  nerve,  and  the  sphenopalatine  ganglion;  it  distributes  filaments 
to  the  wall  of  the  carotid  arterj-,  and  also  communicates  with  the  tympanic  branch 
of  the  glossopharyngeal  nerve. 

The  communicating  branches  with  the  abducent  nerve  consist  of  one  or  two 
filaments  which  join  that  nerve  as  it  lies  upon  the  lateral  side  of  the  internal  carotid 
artery.  The  communication  with  the  sphenopalatine  ganglion  is  effected  by  a 
branch,  the  deep  petrosal,  given  off  from  the  plexus  on  the  lateral  side  of  the  artery; 
this  branch  passes  through  the  cartilage  filling  up  the  foramen  lacerum,  and  joins 
the  greater  superficial  petrosal  to  form  the  nerve  of  the  pterygoid  canal  (Vidian 
nerve),  which  passes  through  the  pterygoid  canal  to  the  sphenopalatine  ganglion. 
The  communication  with  the  tympanic  branch  of  the  glossopharyngeal  nerve  is 
effected  by  the  caroticotympanic,  which  may  consist  of  two  or  three  delicate 
filaments. 

The  cavernous  plexus  (plexus  cavernosus)  is  situated  below  and  medial  to  that 
part  of  the  internal  carotid  artery  which  is  placed  by  the  side  of  the  sella  turcica 
in  the  cavernous  sinus,  and  is  formed  chiefly  by  the  medial  division  of  the  internal 
carotid  nerve.  It  communicates  with  the  oculomotor,  the  trochlear,  the  ophthalmic 
and  the  abducent  nerves,  and  with  the  ciliary  ganglion,  and  distributes  filaments  to 
the  wall  of  the  internal  carotid  artery.  The  branch  of  communication  with  the 
oculomotor  nerve  joins  that  nerve  at  its  point  of  division;  the  branch  to  the  troch- 
lear ner\^e  joins  it  as  it  lies  on  the  lateral  wall  of  the  cavernous  sinus;  other  filaments 
are  connected  with  the  under  surface  of  the  ophthalmic  nerve;  and  a  second  fila- 
ment joins  the  abducent  nerve. 

The  filaments  of  connection  with  the  ciliary  ganglion  arise  from  the  anterior  pmrt 
of  the  cavernous  plexus  and  enter  the  orbit  through  the  superior  orbital  fissure; 
they  may  join  the  nasociliary  branch  of  the  ophthalmic  nerve,  or  be  continued  for- 
ward as  a  separate  branch. 

The  terminal  filaments  from  the  internal  carotid  and  cavernous  plexuses  are 
prolonged  as  plexuses  around  the  anterior  and  middle  cerebral  arteries  and  the 
ophthalmic  artery;  along  the  former  vessels,  they  may  be  traced  to  the  pia  mater; 
along  the  latter,  into  the  orbit,  where  they  accompany  each  of  the  branches  of  the 
vessel.  The  filaments  prolonged  on  to  the  anterior  communicating  arterj'  connect 
the  sympathetic  nerves  of  the  right  and  left  sides. 


THE   CERVICAL  PORTION   OF   THE   SYMPATHETIC   SYSTEM   (PARS 

CERVICALIS   S.   SYMPATHICI). 

The  cervical  portion  of  the  sympathetic  trunk  consists  of  three  ganglia,  distin- 
guished, according  to  their  positions,  as  the  superior,  middle,  and  inferior  ganglia, 
connected  by  intervening  cords.  This  portion  receives  no  white  rami  communi- 
cantes  from  the  cervical  spinal  nerves;  its  spinal  fibres  are  derived  from  the  white 
rami  of  the  upper  thoracic  nerves,  and  enter  the  corresponding  thoracic  ganglia 
of  the  sympathetic  trunk,  through  which  they  ascend  into  the  neck. 
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The  superior  cervical  iranirlion  (ganglion  cermcaU  superius),  the  largest  of  the 
three,  is  placed  opposite  the  second  and  third  cervical  vertebrae.  It  is  of  a  reddish- 
gray  color,  and  usually  fusiform  in  shape;  sometimes  broad  and  flattened,  and  occa- 
sionally constricted  at  intervals;  it  is  believed  to  be  formed  by  the  coalescence 
of  four  ganglia,  corresponding  to  the  upper  four  cervical  nerves.  It  is  in  relation, 
in  front,  with  the  sheath  of  the  internal^ carotid  artery  and  internal  jugular  vein; 
behind,  with  the  Longus  capitis  muscle.(^  R^  t f  u'*  Tr  /i  •  <^<  •.<  M 

Its  branches  may  be  divided  into  inferior,  lateral,  medial,  and  anterior. 

The  Inferior  Branch  communicates  with  the  middle  cervical  ganglion. 

The  Lateral  Branches  (external  branches)  consist  of  gray  rami  communicantes  to 
the  upper  four  cervical  nerves  and  to  certain  of  the  cerebral  nerves.  Sometimes  the 
branch  to  the  fourth  cervical  nerve  may  come  from  the  trunk  connecting  the 
upper  and  middle  cervical  ganglia.  The  branches  to  the  cerebral  nerves  consist 
of  delicate  filaments,  which  run  to  the  ganglion  nodosum  of  the  vagus,  and  to  the 
hypoglossal  nerve.  A  filament,  the  jugfular  nerve,  passes  upward  to  the  base  of 
the  skull,  and  divides  to  join  the  petrous  ganglion  of  the  glossopharyngeal,  and  the 
jugular  ganglion  of  the  vagus. 

The  Medial  Branches  (internal  branches)  are  peripheral,  and  are  the  lamygo- 
pharyngeal  branches  and  the  superior  cardiac  nerve. 

The  laryngopharjrngeal  branches  (rami  laryngopharyngei)  pass  to  the  side  of  the 
pharynx,  where  they  join  with  branches  from  the  glossopharyngeal,  vagus,  and 
external  laryngeal  nerves  to  form  the  pharyngeal  plexus. 

The  superior  cardiac  nerve  (n.  cardiacns  superior)  arises  by  two  or  more  branches 
from  the  superior  cervical  ganglion,  and  occasionally  receives  a  filament  from  the 
trunk  between  the  first  and  second  cervical  ganglia.  It  runs  down  the  neck  behind 
the  common  carotid  artery,  and  in  front  of  the  Longus  colli  musclej'^nd  crosses 
in  front  of  the  inferior  thyroid  artery,  and  recurrent  nerve.  The  course  of  the  nerves 
on  the  two  sides  then  differ.  The  right  nerve,  at  the  root  of  the  neck,  passes  either 
in  front  of  or  behind  the  subclavian  artery,  and  along  the  innominate  artery  to 
the  back  of  the  arch  of  the  aorta,  where  it  joins  the  deep  part  of  the  cardiac  plexus. 
It  is  connected  with  other  branches  of  the  sympathetic;  about  the  middle  of  the 
neck  it  receives  filaments  from  the  external  laryngeal  nerve;  lower  down,  one  or 
two  twigs  from  the  vagus;  and  as  it  enters  the  thorax  it  is  joined  by  a  filament 
from  the  recurrent  nerve.  Filaments  from  the  nerve  communicate  with  the  thvroid 
branches  from  the  middle  cervical  ganglion.  The  left  nerve,  in  the  thorax,  runs 
in  front  of  the  left  conmion  carotid  artery  and  across  the  left  side  of  the  arch  of  the 
aorta,  to  the  superficial  part  of  the  cardiac  plexus. 

The  Anterior  Branches  (nn,  carotici  extemi)  ramify  upon  the  common  carotid 
arter>'  and  upon  the  external  carotid  artery  and  its  branches,  forming  around  each 
a  delicate  plexus,  on  the  nerves  composing  which  small  ganglia  are  occasionally 
found.  The  plexuses  accompanying  some  of  these  arteries  have  important  com- 
munications with  other  nerves.  That  surrounding  the  external  maxillary  artery 
communicates  with  the  submaxillary  ganglion  by  a  filament;  and  that  accompany- 
ing the  middle  meningeal  artery  sends  an  offset  to  the  otic  ganglion,  and  a  second, 
the  external  petrosal  nerve,  to  the  genicular  ganglion  of  the  facial  nerve. 

The  middle  cervical  ganglion  (ganglimi  cervicale  medium)  is  the  smallest  of  the 
three  cervical  ganglia,  and  is  occasionally  w^anting.  It  is  placed  opposite  the  sixth 
cervical  vertebra,  usually  in  front  of,  or  close  to,  the  inferior  thyroid  artery.  It 
is  probably  formed  by  the  coalescence  of  two  ganglia  corresponding  to  the  fifth 
and  sixth  cervical  nerves. 

It  sends  gray  rami  communicantes  to  the  fifth  and  sixth  cervical  nerves,  and 
gives  off  the  middle  cardiac  nerve. 

The  Middle  Cardiac  Nerve  (n.  cardiacns  medius;  great  cardiac  nerve),  the  largest 
of  the  three  cardiac  nerves,  arises  from  the  middle  cervical  ganglion,  or  from  the 
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trunk  between  the  middle  and  inferior  ganglia.  On  the  right  side  it  descends  behind 
the  common  carotid  artery,  and  at  the  root  of  the  neck  runs  either  in  front  of  or 
behind  the  subclavian  artery;  it  then  descends  on  the  trachea,  receives  a  few 
filaments  from  the  recurrent  nerve,  and  joins  the  right  half  of  the  deep  part  of  the 
cardiac  plexus.  In  the  neck,  it  communicates  with  the  superior  cardiac  and  recur- 
rent nerves.  On  the  left  side,  the  middle  cardiac  nerve  enters  the  chest  between 
the  left  carotid  and  subclavian  arteries,  and  joins  the  left  half  of  the  deep  part 
of  the  caridac  plexus. 

The  inferior  cervical  ganglion  (ganglion  cermcale  inferius)  is  situated  between 
the  base  of  the  transverse  process  of  the  last  cervical  vertebra  and  the  neck  of  the 
first  rib,  on  the  medial  side  of  the  costocervical  artery.  Its  form  is  irregular;  it  is 
larger  in  size  than  the  preceding,  and  is  frequently  fused  with  the  first  thoracic 
ganglion.  It  is  probably  formed  by  the  coalescence  of  two  ganglia  which  corre- 
spond to  the  seventh  and  eighth  cervical  nerves.  It  is  connected  to  the  middle 
cervical  ganglion  by  two  or  more  cords,  one  of  which  forms  a  loop  around  the  sub- 
clavian artery  and  supplies  offsets  to  it.  This  loop  is  named  the  ansa  sabclavia 
{Vieussenii), 

The  ganglion  sends  gray  rami  communicantes  to  the  seventh  and  eighth  cervical 
nerves. 

It  gives  off  the  inferior  cardiac  nerve,  and  offsets  to  bloodvessels. 

The  inferior  cardiac  nerve  {n,  cardiacv^  inferior)  arises  from  either  the  inferior 
cervical  or  the  first  thoracic  ganglion.  It  descends  behind  the  subclavian  artery 
and  along  the  front  of  the  trachea,  to  join  the  deep  part  of  the  cardiac  plexus.  It 
communicates  freely  behind  the  subclavian  artery  with  the  recurrent  nerve  and 
the  middle  cardiac  nerve. 

The  offsets  to  bloodvessels  form  plexuses  on  the  subclavian  artery  and  its  branches. 
The  plexus  on  the  vertebral  artery  is  continued  on  to  the  basilar,  posterior  cerebral, 
and  cerebellar  arteries.  The  plexus  on  the  inferior  thyroid  artery  accompanies 
the  artery  to  the  thyroid  gland,  and  communicates  with  the  recurrent  and  external 
laryngeal  nerves,  with  the  superior  cardiac  nerve,  and  with  the  plexus  on  the 
common  carotid  artery. 

THE   THORACIC  PORTION   OF   THE   SYMPATHETIC   SYSTEM   (PARS 

THORACAUS   S.  SMYPATHICI)   (Fig.  825). 

The  thoracic  portion  of  the  sympathetic  trunk  consists  of  a  series  of  ganglia, 
which  usually  correspond  in  number  to  that  of  the  vertebrae;  but,  on  account 
of  the  occasional  coalescence  of  two  ganglia,  their  number  is  uncertain.  The 
thoracic  ganglia  rest  against  the  heads  of  the  ribs,  and  are  covered  by  the  costal 
pleura;  the  last  two,  however,  are  more  anterior  than  the  rest,  and  are  placed  on 
the  sides  of  the  bodies  of  the  eleventh  and  twelfth  thoracic  vertebrae.  The  ganglia 
are  small  in  size,  and  of  a  grayish  color.  The  first,  larger  than  the  others,  is  of 
an  elongated  form,  and  frequently  blended  with  the  inferior  cervical  ganglion. 
They  are  connected  together  by  the  intervening  portions  of  the  trunk. 

Two  rami  communicantes,  a  white  and  a  gray,  connect  each  ganglion  with  its 
corresponding  spinal  nerve. 

The  branches  from  the  tipper  five  ganglia  are  verj^  small;  they  supply  filaments 
to  the  thoracic  aorta  and  its  branches.  Twigs  from  the  second,  third,  and  fourth 
ganglia  enter  the  posterior  pulmonary  plexus. 

The  branches  from  the  loicer  seven  ganglia  are  large,  and  white  in  color;  they 
distribute  filaments  to  the  aorta,  and  imite  to  form  the  greater,  the  lesser,  and  the 
lowest  splanchnic  nerves. 

The  greater  splanchnic  nerve  (?i.  splanchnicus  major;  great  splanchnic  nerte)  is 
white  in  color,  firm  in  texture,  and  of  a  considerable  size;  it  is  formed  by  branches 


THE  THORACIC  PORTION  OF  THE  SYMPATHETIC  SYSTEM         999 

from  the  fifth  to  the  ninth  or  tenth  thoracic  ganglia,  but  the  fibres  in  the  higher 
roots  may  be  traced  upward  in  the  sjmpathetic  trunk  as  far  as  the  first  or  second 
thoracic  ganglion.  It  descends  obliquely  on  the  bodies  of  the  vertebrae,  perforates 
the  crus  of  the  Diaphragma,  and  ends  in  the  coeliac  ganglion.  A  ganglion  (fanglirai 
splaactanicum)  exists  on  this  nerve  opposite  the  e[e^'enth  or  twelfth  thoracic  ^'e^teb^a. 


The  lesser  splanchnic  nerre  (n.  sphncbnima  minor)  is  formed  hy  filaments  from 
the  ninth  and  tenth,  and  sometimes  the  eleventh  thoracic  ganglia,  and  from  the 
cord  between  them.  It  pierces  the  Diaphragma  with  the  preceding  nerve,  and 
joins  the  aorticorenal  ganglion. 

The  lowest  splanchnic  nerve  (n,  splancknicus  imvs;  least  splanchnic  nene)  arises 
from  the  last  thoracic  ganglion,  and,  piercing  the  Diaphragma,  ends  in  the  renal 
plexus. 
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A  striking  analogy  exists  between  the  splanchnic  and  the  cardiac  nerves.    The 
cardiac  nerves  are  three  in  number;  they  arise  from  all  three  cervical  ganglia, 
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and  are  distributed  to  a  large  and  important  organ  in  the  thoracic  cavity.  The 
splanchnic  nerves,  also  three  in  number,  are  connected  probably  with  all  the  thoracic 
ganglia,  and  are  distributed  to  important  organs  in  the  abdominal  cavity. 

THE  ABDOMINAL  PORTION   OF   THE   SYMPATHETIC   SYSTEM   (PARS 
ABDOMINAUS   S.   SYMPATHICI;  LUMBAR  PORTION  OF 

GANGLIATED  CORD)  (Fig.  826). 

The  abdominal  portion  of  the  sympathetic  trunk  is  situated  in  front  of  the  ver- 
tebral column,  along  the  medial  margin  of  the  Psoas  major.  It  consists  usually  of 
four  lumbar  ganglia,  connected  together  by  interganglionic  cords.  It  is  continuous 
above  with  the  thoracic  portion  beneath  the  medial  lumbocostal  arch,  and 
below  with  the  pelvic  portion  behind  the  common  iliac  artery.  The  ganglia  are 
of  small  size,  and  placed  much  nearer  the  median  line  than  are  the  thoracic  ganglia. 

Gray  rami  communicantes  pass  from  all  the  ganglia  to  the  lumbar  spinal  nerves. 
The  first  and  second,  and  sometimes  the  third,  lumbar  nerves  send  white  rami 
communicantes  to  the  corresponding  ganglia.  The  rami  communicantes  are  of 
considerable  length,  and  accompany  the  lumbar  arteries  around  the  sides  of  the 
bodies  of  the  vertebrae,  passing  beneath  the  fibrous  arches  from  which  some  of  the 
fibres  of  the  Psoas  major  arise. 

Of  the  branches  of  distribution,  some  pass  in  front  of  the  aorta,  and  join  the  aortic 
plexus;  others  descend  in  front  of  the  common  iliac  arteries,  and  assist  in  forming 
the  hypogastric  plexus. 

THE  PELVIC  PORTION   OF   THE   SYMPATHETIC   SYSTEM   (PARS 

PELVINA  S.    SYMPATHICI). 

The  pelvic  portion  of  each  sympathetic  trunk  is  situated  in  front  of  the  sacrum, 
medial  to  the  anterior  sacral  foramina.  It  consists  of  four  or  five  small  sacral 
ganglia,  connected  together  by  interganglionic  cords,  and  continuous  above  with 
the  abdominal  portion.  Below,  the  two  pelvic  sympathetic  trunks  converge,  and 
end  on  the  front  of  the  coccyx  in  a  small  ganglion,  the  ganglion  impar. 

Gray  rami  communicantes  pass  from  the  ganglia  to  the  sacral  and  coccygeal 
nerves.  No  white  rami  communicantes  are  given  to  this  part  of  the  gangliated 
cord,  but  the  visceral  branches  which  arise  from  the  third  and  fourth,  and  sometimes 
from  the  second,  sacral,  and  run  directly  to  the  pelvic  plexuses,  are  regarded  as 
white  rami  communicantes. 

The  branches  of  distribution  communicate  on  the  front  of  the  sacrum  wdth  the 
corresponding  branches  from  the  opposite  side;  some,  from  the  first  two  ganglia, 
pass  to  join  the  pelvic  plexus,  and  others  form  a  plexus,  which  accompanies  the 
middle  sacral  artery  and  sends  filaments  to  the  glomus  coccygeum  (coccygeal  body), 

THE.  GREAT  PLEXUSES   OF   THE   SYMPATHETIC  SYSTEM. 

The  great  plexuses  of  the  sympathetic  are  aggregations  of  nerves  and  ganglia, 
situated  in  the  thoracic,  abdominal,  and  pelvic  cavities,  and  named  the  cardiac, 
ccBliac,  and  hypogastric  plexuses.  They  consist  not  only  of  sympathetic  fibres 
derived  from  the  ganglia,  but  of  fibres  from  the  medulla  spinalis,  which  are  con- 
veyed through  the  white  rami  communicantes.  From  the  plexuses  branches  are 
given  to  the  thoracic,  abdominal,  and  pelvic  viscera. 

The  Cardiac  Plexus  (Plexus  Cardiacus)  (Fig.  824). 

The  cardiac  plexus  is  situated  at  the  base  of  the  heart,  and  is  divided  into  a  super- 
ficial part,  which  lies  in  the  concavity  of  the  aortic  arch,  and  a  deep  part,  between 
the  aortic  arch  and  the  trachea.    The  two  parts  are,  however,  closely  connected. 
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The  superficial  part  of  the  cardiac  plexus  lies  beneath  the  arch  of  the  aorta, 
in  front  of  the  right  pulmonary  artery.  It  is  formed  by  the  superior  cardiac  branch 
of  the  left  sympathetic  and  the  lower  superior  cervical  cardiac  branch  of  the  left 
vagus.  A  small  ganglion,  the  cardiac  c^anc^lion  of  Wrisber^^,  is  occasionally  found 
connected  with  these  nerves  at  their  point  of  junction.  This  ganglicn,  when 
present,  is  situated  immediately  beneath  the  arch  of  the  aorta,  on  the  right  side 
of  the  ligamentum  arteriosum.  The  superficial  part  of  the  cardiac  plexus  gives 
branches  (a)  to  the  deep  part  of  the  plexus;  (6)  to  the  anterior  coronary  plexus; 
and  (c)  to  the  left  anterior  pulmonary  plexus. 

The  deep  part  of  the  cardiac  plexus  is  situated  in  front  of  the  bifurcation  of 
the  trachea,  above  the  point  of  division  of  the  pulmonary  artery,  and  behind  the 
aortic  arch.  It  is  formed  by  the  cardiac  nerves  derived  from  the  cervical  ganglia 
of  the  sympathetic,  and  the  cardiac  branches  of  the  vagus  and  recurrent  nerves. 
The  only  cardiac  nerves  which  do  not  enter  into  the  formation  of  the  deep  part 
of  the  cardiac  plexus  are  the  superior  cardiac  nerve  of  the  left  sympathetic,  and  the 
lower  of  the  two  superior  cervical  cardiac  branches  from  the  left  vagus,  which  pass 
to  the  superficial  part  of  the  plexus. 

The  branches  from  the  right  half  of  the  deep  part  of  the  cardiac  plexus  pass, 
some  in  front  of,  and  others  behind,  the  right  pulmonary  artery;  the  former,  the 
more  numerous,  transmit  a  few  filaments  to  the  anterior  pulmonary  plexus,  and 
are  then  continued  onward  to  form  part  of  the  anterior  coronary  plexus;  those 
behind  the  pulmonary  artery  distribute  a  few  filaments  to  the  right  atrium,  and  are 
then  continued  onward  to  form  part  of  the  posterior  coronarv'^  plexus. 

The  left  half  of  the  deep  part  of  the  plexus  is  connected  with  the  superficial  part 
of  the  cardiac  plexus,  and  gives  filaments  to  the  left  atrium,  and  to  the  anterior 
pulmonary  plexus,  and  is  then  continued  to  form  the  greater  part  of  the  posterior 
coronary  plexus. 

The  Posterior  Coronary  Plexus  {^plexus  coronarius  posterior;  left  coronary  plexus) 
is  larger  than  the  anterior,  and  accompanies  the  left  coronary  artery ;  it  is  chiefly 
formed  by  filaments  prolonged  from  the  left  half  of  the  deep  part  of  the  cardiac 
plexus,  and  by  a  few^  from  the  right  half.  It  gives  branches  to  the  left  atrium  and 
ventricle. 

The  Anterior  Coronary  Plexus  (plexus  coronarius  anterior;  right  coronary  plexus) 
is  fonhed  partly  from  the  superficial  and  partly  from  the  deep  parts  of  the  cardiac 
plexus.  It  accompanies  the  right  coronary  artery,  and  gives  branches  to  the  right 
atrium  and  ventricle. 


The  Cosliac  Plexus  (Plexus  Coeliacus;  Solar  Plexus)  (Figs.  824,  827). 

The  CQBliac  plexus,  the  largest  of  the  three  sympathetic  plexuses,  is  situated  at 
the  level  of  the  upper  part  of  the  first  lumbar  vertebra  and  is  composed  of  two 
large  ganglia,  the  ccsliac  c^an^^lia,  and  a  dense  net-work  of  nerve  fibres  uniting  them 
together.  It  surrounds  the  coeliac  artery  and  the  root  of  the  superior  mesenteric 
arterv.  It  lies  behind  the  stomach  and  the  omental  bursa,  in  front  of  the  crura 
of  the  Diaphragma  and  the  conmaencement  of  the  abdominal  aorta,  and  between 
the  suprarenal  glands.  The  plexus  and  the  ganglia  receive  the  greater  and  lesser 
splanchnic  nerves  of  both  sides  and  some  filaments  from  the  right  vagus,  and  give 
off  numerous  secondary  plexuses  along  the  neighboring  arteries. 

The  Codliac  Gan^^lia  (ganglia  coeliaca;  semilunar  ganglia)  are  two  large  irregularly- 
shaped  masses  having  the  appearance  of  lymph  glands  and  placed  one  on  either 
side  of  the  middle  line  in  front  of  the  crura  of  the  Diaphragma  close  to  the  supra- 
renal glands,  that  on  the  right  side  being  placed  behind  the  inferior  vena  cava.  The 
upper  part  of  each  ganglion  is  joined  by  the  greater  splanchnic  nerve,  while  the 
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lower  part,  which  is  segmented  off  and  named  the  unticorenal  gancUoti,  receives 
the  lesser  splanchnic  nerve  and  gives  off  the  greater  part  of  the  renal  plexus. 
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The  phrenic  plexus  (plexus  phrenicus)  accompanies  the  interior  phrenic  arterj' 
to  the  Diaphragma,  some  filaments  passing  to  the  suprarenal  gland.  It  arises 
from  the  upper  part  of  the  ccrliac  ganglion,  and  is  larger  on  the  right  than  oh  the 
left  side.    It  receive-s  one  or  two  branches  from  the  phrenic  ner\-e.    At  the  point 
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of  junction  of  the  right  phrenic  plexus  with  the  phrenic  nerve  is  a  small  ganglion 
(jranglion  phrenieiim).  This  plexus  distributes  branches  to  the  inferior  vena  cava, 
and  to  the  suprarenal  and  hepatic  plexuses. 

The  hepatic  plexus  {plexus  hepaiicus),  the  largest  oflFset  from  the  coeKac  plexus, 
receives  filaments  from  the  left  vagus  and  right  phrenic  nerves.  It  accompanies 
the  hepatic  artery,  ramifying  upon  its  branches,  and  upon  those  of  the  portal  vein 
in  the  substance  of  the  liver.  Branches  from  this  plexus  accompany  all  the  divisions 
of  the  hepatic  arter}\  A  considerable  plexus  accompanies  the  gastroduodenal 
artery  and  is  continued  as  the  inferior  jrastric  plexus  on  the  right  gastroepiploic 
artery  along  the  greater  curvature  of  the  stomach,  where  it  unites  with  offshoots 
from  the  lienal  plexus. 

The  lienal  plexus  (plexus  lienalis;  splenic  plexus)  is  formed  by  branches  from  the 
coeliac  plexus,  the  left  coBliac  (ganglion,  and  from  the  right  vagus  nerve.  It  accom- 
panies the  lienal  artery  to  the  spleen,  giving  off,  in  its  course,  subsidiarj'^  plexuses 
along  the  various  branches  of  the  artery. 

The  superior  gastric  plexus  (plexus  gastricus  superior;  gastric  or  coronary  plexus) 
accompanies  the  left  gastric  artery  along  the  lesser  curvature  of  the  stomach,  and 
joins  with  branches  from  the  left  vagus. 

The  suprarenal  plexus  (plexus  suprarenalis)  is  formed  by  branches  from  the 
coeliac  plexus,  from  the  coeliac  ganglion,  and  from  the  phrenic  and  greater  splanchnic 
nerves,  a  ganglion  being  formed  at  the  point  of  junction  with  the  latter  nerve. 
The  plexus  supplies  the  suprarenal  gland,  being  distributed  chiefly  to  its  medullar}' 
portion;  its  branches  are  remarkable  for  their  large  size  in  comparison  with  that 
of  the  organ  they  supply. 

The  renal  plexus  (plexus  renalis)  is  formed  by  filaments  from  the  coeliac  plexus, 
the  aorticorenal  ganglion,  and  the  aortic  plexus.  It  is  joined  also  by  the  smallest 
splanchnic  nerve.  The  nerves  from  these  sources,  fifteen  or  twenty  in  number, 
have  a  few  ganglia  developed  upon  them.  They  accompany  the  branches  of  the 
renal  artery  into  the  kidney;  some  filaments  are  distributed  to  the  spermatic 
plexus  and,  on  the  right  side,  to  the  inferior  vena  cava. 

The  spermatic  plexus  (plexus  spennaiicus)  is  derived  from  the  renal  plexus, 
receiving  branches  from  the  aortic  plexus.  It  accompanies  the  internal  spermatic 
arter\'  to  the  testis.  In  the  female,  the  ovarian  plexus  (plexus  arterias  ovaricaf) 
arises  from  the  renal  plexus,  and  is  distributed  to  the  ov&tv,  and  fundus  of  the 
uterus. 

Applied  Anatomy. — The  intimate  connection  which  exists  between  the  renal  and  spennatic 
plexuses  serves  to  explain  the  very  frequent  symptom  in  renal  calculus,  of  pain  which  is  referred 
to  the  body  of  the  testis. 

The  superior  mesenteric  plexus  (plexus  mesentericus  superior)  is  a  continuation 
of  the  lower  part  of  the  cceliac  plexus,  receiving  a  branch  from  the  junction  of  the 
right  vagus  nerve  with  the  plexus.  It  surrounds  the  superior  mesenteric  arterj', 
accompanies  it  into  the  mesentery,  and  divides  into  a  number  of  secondary  plexuses, 
which  are  distributed  to  all  the  parts  supplied  by  the  artery,  viz.,  pancreatic  branches 
to  the  pancreas;  intestinal  branches  to  the  small  intestine;  and  ileocolic,  right 
colic,  and  middle  colic  branches,  which  supply  the  corresponding  parts  of  the  great 
intestine.  The  nerves  composing  this  plexus  are  white  in  color  and  firm  in  texture; 
in  the  upper  part  of  the  plexus  close  to  the  origin  of  the  superior  mesenteric  SLTtery 
is  a  ganglion  (cranglion  mesentericum  superius). 

The  abdominal  aortic  plexus  (plexus  aorticus  abdominalis;  aortic  plexus)  is  formed 
by  branches  derived,  on  either  side,  from  the  coeliac  plexus  and  ganglia,  and  receives 
filaments  from  some  of  the  lumbar  ganglia.  It  is  situated  upon  the  sides  and  front  of 
the  aorta,  between  the  origins  of  the  superior  and  inferior  mesenteric  arteries.  Prom 
this  plexus  arise  part  of  the  spermatic,  the  inferior  mesenteric,  and  the  hypogastric 
plexuses;  it  also  distributes  filaments  to  the  inferior  vena  cava. 
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The  inferior  mesenteric  plexus  (plexus  mesentericus  inferior)  is  derived  chiefly 
from  the  aortic  plexus.  It  surrounds  the  inferior  mesenteric  arter\%  and  divides 
into  a  number  of  secondary  plexuses,  which  are  distributed  to  all  the  parts  supplied 
by  the  artery,  viz.,  the  left  colic  and  sigmoid  plexuses,  which  supply  the  descending 
and  sigmoid  parts  of  the  colon;  and  the  superior  hemorrhoidal  plexus,  which  supplies 
the  rectum  and  joins  in  the  pelvis  with  branches  from  the  pelvic  plexuses. 


The  Hypogastric  Plexus  (Plexus  Hypogastricus)  (Fig.  824). 

The  hypogastric  plexus  is  situated  in  front  of  the  last  lumbar  vertebra  and  the 
promontory  of  the  sacrum,  between  the  two  common  iliac  arteries,  and  is  formed 
by  the  union  of  numerous  filaments,  which  descend  on  either  side  from  the  aortic 
plexus,  and  from  the  lumbar  ganglia;  it  divides,  below,  into  two  lateral  portions 
which  are  named  the  pelTlc  plexuses. 

The  Pelvic  Plexuses  (Fig.  824).— The  pelvic  plexuses  supply  the  viscera  of  the 
pelvic  cavity,  and  are  situated  at  the  sides  of  the  rectum  in  the  male,  and  at  the 
sides  of  the  rectum  and  vagina  in  the  female.  They  are  formed  on  either  side  by 
a  continuation  of  the  hypogastric  plexus,  by  the  visceral  branches  from  the  second, 
third,  and  fourth  sacral  nerves,  and  by  a  few  filaments  from  the  first  two  sacral 
ganglia.  At  the  points  of  junction  of  these  nerves  small  ganglia  are  found.  From 
these  plexuses  numerous  branches  are  distributed  to  the  viscera  of  the  pelvis. 
They  accompany  the  branches  of  the  hypogastric  artery. 

The  Middle  Hemorrhoidal  Plexus  {plexus  haemorrhoidalis  medius)  arises  from  the 
upper  part  of  the  pelvic  plexus.  It  supplies  the  rectum,  and  joins  with  branches 
of  the  superior  hemorrhoidal  plexus. 

The  Vesical  Plexus  {plexus  vesicalis)  arises  from  the  forepart  of  the  pelvic  plexus. 
The  nerves  composing  it  are  numerous,  and  contain  a  large  proportion  of  spinal 
nerve  fibres.  They  accompany  the  vesical  arteries,  and  are  distributed  to  the  sides 
and  fundus  of  the  bladder.  Numerous  filaments  also  pass  to  the  vesiculae  seminales 
and  ductus  deferentes;  those  accompanying  the  ductus  deferens  join,  on  the  sper- 
matic cord,  with  branches  from  the  spermatic  plexus. 

The  Prostatic  Plexus  {plexus  prostaticus)  is  continued  from  the  lower  part  of  the 
pelvic  plexus.  The  nerves  composing  it  are  of  large  size.  They  are  distributed 
to  the  prostate  vesiculae  seminales  and  the  corpora  cavernosa  of  the  penis  and 
urethra.  The  nerves  supplying  the  corpora  cavernosa  consist  of  two  sets,  the 
lesser  and  greater  cavernous  nerves,  which  arise  from  the  forepart  of  the  prostatic 
plexus,  and,  after  joining  with  branches  from  the  pudendal  nerve,  pass  forward 
beneath  the  pubic  arch. 

The  lesser  cavernous  nerves  (nn.  cavernosi  penis  minores;  small  cavernous  nerves) 
perforate  the  fibrous  covering  of  the  penis,  near  its  root. 

The  greater  cavernous  nerve  {n.  cavemosus  penis  major;  large  cavernous  plexus) 
passes  forward  along  the  dorsum  of  the  penis,  joins  with  the  dorsal  nerve  of  the 
penis,  and  is  distributed  to  the  corpora  cavernosa. 

The  Vaginal  Plexus  arises  from  the  lower  part  of  the  pelvic  plexus.  It  is  distributed 
to  the  walls  of  the  vagina,  to  the  erectile  tissue  of  the  vestibule,  and  to  the  clitoris. 
The  nerves  composing  this  plexus  contain,  like  the  vesical,  a  large  proportion  of 
spinal  nerve  fibres. 

The  Uterine  Plexus  accompanies  the  uterine  artery  to  the  side  of  the  uterus, 
between  the  layers  of  the  broad  ligament;  it  communicates  with  the  ovarian  plexus. 

Applied  Anatomy. — Little  is  known  as  to  the  connection  between  the  numerous  microscopic 
alterations  (pigmentation,  atrophy,  hemorrhage,  fibrosis)  that  have  been  described  in  the  sympa- 
thetic nervous  system,  and  the  functional  changes  that  ensue  therefrom.  Grosser  lesions  due 
to  stabs,  bullet  wounds,  or  the  pressure  of  new  growths,  may  cause  either  irritative  or  paralytic 
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of  junction  of  the  right  phrenic  plexus  with  the  phrenic  nerve  is  a  small  ganglion 
(ganglion  phrenicum).  This  plexus  distributes  branches  to  the  inferior  vena  cava, 
and  to  the  suprarenal  and  hepatic  plexuses. 

The  hepatic  plexus  (plexus  hepaticus),  the  largest  offset  from  the  coeliac  plexus, 
receives  filaments  from  the  left  vagus  and  right  phrenic  nerves.  It  accompanies 
the  hepatic  artery,  ramifying  upon  its  branches,  and  upon  those  of  the  portal  vein 
in  the  substance  of  the  liver.  Branches  from  this  plexus  accompany  all  the  divisions 
of  the  hepatic  artery.  A  considerable  plexus  accompanies  the  gastroduodenal 
artery  and  is  continued  as  the  inferior  gastric  plexus  on  the  right  gastroepiploic 
artery  along  the  greater  curvature  of  the  stomach,  where  it  unites  with  offshoots 
I  from  the  lienal  plexus. 

\  The  lienal  plexus  (plexus  lienalis;  splenic  plexus)  is  formed  by  branches  from  the 

coeliac  plexus,  the  left  coBliac  ganglion,  and  from  the  right  vagus  nerve.  It  accom- 
panies the  lienal  artery  to  the  spleen,  giving  off,  in  its  course,  subsidiary  plexuses 
along  the  various  branches  of  the  artery. 

The  superior  gastric  plexus  (plexus  gastrUms  superior;  gastric  or  coronary  plexus) 
accompanies  the  left  gastric  artery  along  the  lesser  curvature  of  the  stomach,  and 
joins  with  branches  from  the  left  vagus. 

The  suprarenal  plexus  (plexus  suprarenalis)  is  formed  by  branches  from  the 
coeliac  plexus,  from  the  coeliac  ganglion,  and  from  the  phrenic  and  greater  splanchnic 
nerves,  a  ganglion  being  formed  at  the  point  of  junction  with  the  latter  nerve. 
The  plexus  supplies  the  suprarenal  gland,  being  distributed  chiefly  to  its  medullar}' 
portion;  its  branches  are  remarkable  for  their  large  size  in  comparison  with  that 
of  the  organ  they  supply. 

The  renal  plexus  (plexus  renalis)  is  formed  by  filaments  from  the  coeliac  plexus, 
the  aorticorenal  ganglion,  and  the  aortic  plexus.  It  is  joined  also  by  the  smallest 
splanchnic  nerve.  The  nerves  from  these  sources,  fifteen  or  twenty  in  number, 
have  a  few  ganglia  developed  upon  them.  They  accompany  the  branches  of  the 
renal  artery-  into  the  kidney;  some  filaments  are  distributed  to  the  spermatic 
plexus  and,  on  the  right  side,  to  the  inferior  vena  cava. 

The  spermatic  plexus  (plexus  sperinaiicus)  is  derived  from  the  renal  plexus, 
receiving  branches  from  the  aortic  plexus.  It  accompanies  the  internal  spermatic 
artery  to  the  testis.  In  the  female,  the  ovarian  plexus  (plexus  arteriae  ovarime) 
arises  from  the  renal  plexus,  and  is  distributed  to  the  ovarj%  and  fundus  of  the 
uterus. 

Applied  Anatomy. — The  intimate  connection  which  exists  between  the  renal  and  spermatic 
plexuses  serves  to  explain  the  very  frequent  symptom  in  renal  calculus,  of  pain  which  is  referred 
to  the  body  of  the  testis. 

The  superior  mesenteric  plexus  (phxus  raesentericus  superior)  is  a  continuation 
of  the  lower  part  of  the  cceliac  plexus,  receiving  a  branch  from  the  junction  of  the 
right  vagus  nerve  with  the  plexus.  It  surrounds  the  superior  mesenteric  arter}% 
accompanies  it  into  the  mesentery,  and  divides  into  a  number  of  secondarj^  plexuses, 
which  are  distributed  to  all  the  parts  supplied  by  the  artery,  viz.,  pancreatic  branches 
to  the  pancreas;  intestinal  branches  to  the  small  intestine;  and  ileocolic,  right 
colic,  and  middle  colic  branches,  which  supply  the  corresponding  parts  of  the  great 
intestine.  The  nerves  composing  this  plexus  are  white  in  color  and  firm  in  texture; 
in  the  upper  part  of  the  plexus  close  to  the  origin  of  the  superior  mesenteric  artery 
is  a  ganglion  (ganglion  mesentericum  superius). 

The  abdominal  aortic  plexus  (plexus  aorticus  abdominalis;  aortic  plexus)  is  formed 
by  branches  derived,  on  either  side,  from  the  coeliac  plexus  and  ganglia,  and  receives 
filaments  from  some  of  the  lumbar  ganglia.  It  is  situated  upon  the  sides  and  front  of 
the  aorta,  between  the  origins  of  the  superior  and  inferior  mesenteric  arteries.  From 
this  plexus  arise  part  of  the  spermatic,  the  inferior  mesenteric,  and  the  hj'pogastric 
plexuses;  it  also  distributes  filaments  to  the  inferior  vena  cava. 
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The  inferior  mesenteric  plexus  (plexus  meseniericus  inferior)  is  derived  chiefly 
from  the  aortic  plexus.  It  surrounds  the  inferior  mesenteric  artery,  and  divides 
into  a  number  of  secondary  plexuses,  which  are  distributed  to  all  the  parts  supplied 
by  the  artery  %  viz.,  the  left  colic  and  sigmoid  plexuses,  which  supply  the  descending 
and  sigmoid  parts  of  the  colon;  and  the  superior  hemorrhoidal  plexus,  which  supplies 
the  rectum  and  joins  in  the  pelvis  with  branches  from  the  pelvic  plexuses. 


The  Hypogastric  Plexus  (Plexus  Hypogastricus)  (Fig.  824). 

The  hypogastric  plexus  is  situated  in  front  of  the  last  lumbar  vertebra  and  the 
promontory  of  the  sacrum,  between  the  two  common  iliac  arteries,  and  is  formed 
by  the  union  of  numerous  filaments,  which  descend  on  either  side  from  the  aortic 
plexus,  and  from  the  lumbar  ganglia;  it  divides,  below,  into  two  lateral  portions 
which  are  named  the  pelTic  plexuses. 

The  Pelvic  Plexuses  (Fig.  824). — ^The  pelvic  plexuses  supply  the  viscera  of  the 
pelvic  cavity,  and  are  situated  at  the  sides  of  the  rectum  in  the  male,  and  at  the 
sides  of  the  rectum  and  vagina  in  the  female.  They  are  formed  on  either  side  by 
a  continuation  of  the  hypogastric  plexus,  by  the  visceral  branches  from  the  second, 
third,  and  fourth  sacral  nerves,  and  by  a  few  filaments  from  the  first  two  sacral 
ganglia.  At  the  points  of  junction  of  these  nerves  small  ganglia  are  found.  From 
these  plexuses  numerous  branches  are  distributed  to  the  viscera  of  the  pelvis. 
They  accompany  the  branches  of  the  hypogastric  arter>\ 

The  Middle  Hemorrhoidal  Plexus  (plexus  haemorrhoidalis  viedius)  arises  from  the 
upper  part  of  the  pelvic  plexus.  It  supplies  the  rectum,  and  joins  with  branches 
of  the  superior  hemorrhoidal  plexus. 

The  Vesical  Plexus  (plexus  vesicalis)  arises  from  the  forepart  of  the  pelvic  plexus. 
The  nerves  composing  it  are  numerous,  and  contain  a  large  proportion  of  spinal 
nerve  fibres.  They  accompany  the  vesical  arteries,  and  are  distributed  to  the  sides 
and  fundus  of  the  bladder.  Numerous  filaments  also  pass  to  the  vesiculae  seminales 
and  ductus  deferentes;  those  accompanying  the  ductus  deferens  join,  on  the  sper- 
matic cord,  with  branches  from  the  spermatic  plexus. 

The  Prostatic  Plexus  (plexus  prostaticus)  is  continued  from  the  lower  part  of  the 
pelvic  plexus.  The  nerves  composing  it  are  of  large  size.  They  are  distributed 
to  the  prostate  vesiculae  seminales  and  the  corpora  cavernosa  of  the  penis  and 
urethra.  The  nerves  supplying  the  corpora  cavernosa  consist  of  two  sets,  the 
lesser  and  greater  cavernous  nerves,  which  arise  from  the  forepart  of  the  prostatic 
plexus,  and,  after  joining  with  branches  from  the  pudendal  nerve,  pass  forw^ard 
beneath  the  pubic  arch. 

The  lesser  cavernous  nerves  (nn.  cavemosi  penis  minores;  small  cavernous  nerves) 
perforate  the  fibrous  covering  of  the  penis,  near  its  root. 

The  greater  cavernous  nerve  (n.  cavernosus  penis  major;  large  cavernous  plexus) 
passes  forward  along  the  dorsum  of  the  penis,  joins  with  the  dorsal  nerve  of  the 
penis,  and  is  distributed  to  the  corpora  cavernosa. 

The  Vaginal  Plexus  arises  from  the  lower  part  of  the  pelvic  plexus.  It  is  distributed 
to  the  walls  of  the  vagina,  to  the  erectile  tissue  of  the  vestibule,  and  to  the  clitoris. 
The  nerves  composing  this  plexus  contain,  like  the  vesical,  a  large  proportion  of 
spinal  nerve  fibres. 

The  Uterine  Plexus  accompanies  the  uterine  artery  to  the  side  of  the  uterus, 
between  the  layers  of  the  broad  ligament;  it  communicates  with  the  ovarian  plexus. 

Applied  Anatomy. — Little  is  known  as  to  the  connection  between  the  numerous  microscopic 
alterations  (pigmentation,  atrophy,  hemorrhage,  fibrosis)  that  have  been  described  in  the  sympar 
thetic  nervous  system,  and  the  functional  changes  that  ensue  therefrom.  Grosser  lesions  due 
to  stabs,  bullet  wounds,  or  the  pressure  of  new  growths,  may  cause  either  irritative  or  paralytic 
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symptoms.  In  paralysis  of  the  cervical  sympathetic  on  one  side,  the  pupil  is  small  and  does  not 
dilate  when  shaded  or  on  the  instillation  of  cocaine,  although  it  contracts  still  farther  when 
brightly  illuminated;  it  also  loses  the  ciUospinal  reflex,  faihng  to  dilate  when  the  skin  of  the  neck 
is  pinched.  The  palpebral  fissure  narrows  from  paralysis  of  the  involuntary  muscle  of  the  eyelid, 
and  the  eyeball  sinks  backward  into  the  orbit — enophthalmos — either  from  paralysis  of  MuUer's 
orbital  muscle  which  closes  the  inferior  orbital  fissure,  or  from  wasting  of  the  intraorbital  fat. 
The  superficial  vessels  of  the  face  and  scalp  are  at  first  dilated,  but  later  they  contract.  Anidrosis, 
or  absence  of  sweating,  is  often  noted  on  the  aflFected  side.  Irritation  of  the  cervical  sympathetic 
produces  signs  mainly  the  converse  of  those  described  above.  We  have  no  definite  knowledge 
of  the  signs  and  symptoms  that  follow  lesions  of  the  thoracic  or  abdominal  sympathetic  systems. 
It  is  likely,  however,  that  a  number  of  nervous  disorders  characterized  by  persistent  vascular 
disturbances,  such  as  dilatation  of  the  vessels  with  throbbing,  flushing,  sweating,  and  localized 
oedema,  or  contraction  of  the  vessels  with  pallor,  chilliness,  pain,  and  malnutrition  of  the  affected 
parts,  are  due  to  implication  of  the  sympathetic  nervous  system.  It  is  possible,  too,  that  the  rare 
condition  of  progressive  facial  hemiatrophy j  coming  on  between  the  ages  of  ten  and  twenty,  and 
producing  marked  unilateral  shrinkage  of  all  the  tissues  of  the  face,  is  primarily  an  affection  of 
the  sympathetic. 


THE  ORGANS  OF  THE  SENSES  AND 
THE  COMMON  INTEGUMENT. 


rPHE  OTgua  of  tlie  senses  may  be  divided  into  (a)  those  of  the  special  senses  of 
-*-  taste,  smell,  Bight,  and  heuinc,  and  (b)  those  associated  with  the  general  sensa- 
tions of  heat,  cold,  pain,  pressure,  etc. 


THE  PEKIPHEKAL  ORGANS  OF  THE  SPECIAL  SENSES. 

THE  OBOAN   OF  TASTE   (OROAHOH  GUSTUS). 

The  periphery  gustatory  or  taste  organs  consist  of  certain  modified  epithelial 
cells  arranged  in  flask-shaped  groups  termed  gustatory  calyculi  (taste-lmds),  which 
are  found  on  the  tongue  and  adjacent  parts.  They  occiipj'  nests  in  the  stratified 
epitheliuih,  and  are  present  in  large  numbers  on  the  sides  of  the  papillae  vallatae 
(Fig.  S28),  and  to  a  less  extent  on  their  opposed  walls.    The;-  are  also  found  on  the 


fungiform  papitlee  over  the  back  part  and  sides  of  the  tongue,  and  in  the  general 
epithelial  covering  of  the  same  areas.  They  are  very  plentiful  over  the  fimbriae 
linguae,  and  are  also  present  on  the  under  surface  of  the  soft  palate,  and  on  the 
posterior  surface  of  the  epiglottis, 

StniGtnre. — £ach  iaete  bud  is  flask-like  io  shape  (Fig.  829),  its  broad  base  resting  on  the  corium, 
and  its  neck  opening  by  an  orifice,  the  ffnitatoiT  pore,  between  the  cells  of  the  epithelium.  The 
bud  is  formed  by  two  kinds  of  cells:  supporting  cells  and  gustatory  cells.  The  sopporthif  cellB 
are  mostly  arranged  like  the  staves  of  a  rasit,  and  form  an  outer  envelope  for  the  bud.  Some, 
however^  are  found  in  the  interior  of  the  bud  between  the  gustatory  cells.    The  fiutatory  eeSs 
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occupy  the  central  portion  of  the  bud;  they  are  spindle-shaped,  and  each  poBsesses  a  large  spherical 
nucleus  near  the  middle  of  the  ceU.  The  peripheral  end  of  the  cell  terminates  at  the  gustatory 
pore  in  a  fine  haii-like  filament,  the  fnsUtorr  hair.  The  central  process  passes  toward  the  deep 
extremity  of  the  bud,  and  there  ends  in  single  or  bifurcated  varicoaitics.  The  nerve  fibrils  after 
losing  their  medullary  sheaths  enter  the  taste  bud,  and  end  in  fine  extremities  between  the  gusta- 
tory cells;  other  nerve  fibrils  ramify  between  the  supporting  cells  and  terminate  in  fine  extremities; 
these,  however,  are  believed  to  be  nerves  of  ordinary  sensation  and  not  gustatory. 


Fio,  K29,— Tssle-bud,  highly  maenified. 

Nerves  ot  Taste. — The  chorda  tympani  nerve,  derived  from  the  sensory  root  of  the  facial,  ia 
the  nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue;  the  nerve  for  the  posterior  third 
is  the  glossopharyDgcal. 


THE  ORGAN  OF  SMELL  (OROANOH  OLFACTOBIUS;   THE  NOSE). 

The  per^heral  oIfact<»7  mgaA  or  organ  <d  smell  consi-sts  of  two  parts:  an  outer, 
the  exteraal  nose,  which  project-s  from  the  centre  of  the  face;  and  an  internal,  the 
nasal  cavity,  which  is  divided  b.\-  a  septum  into  rifht  and  l«tt  nasal  chambers. 

The  External  Nose  (Nasos  Extemos;  Outer  Nose). 

The  eztemal  nose  is  pyramidal  in  form,  and  its  upper  angle  or  root  is  connected 
directly  with  the  forehead;  its  free  angle  is  termed  the  apex.  Its  base  is  perforated 
by  two  elliptical  orifices,  the  nares,  separated  from  each  other  by.  an  antero-posterior 
septum,  the  columna.  The  margins  of  the  nares  are  provided  with  a  number  of 
stiff  hairs,  or  vibrissn,  which  arrest  the  passage  of  foreign  substances  carried  with 
the  current  of  air  intended  for  respiration.  The  lateral  surfaces  of  the  nose  form, 
by  their  union  in  the  middle  line,  the  dorsum  nasi,  the  direction  of  which  varies 
considerably  in  different  individuals;  the  upper  part  of  the  dorsum  is  suppmrted 
by  the  na.sal  bones,  and  is  name<l  the  bridge.  The  lateral  surface  ends  below  in 
a  rounded  eminence,  the  ala  nasi. 

Stnictnie. — ^The  frame-work  of  the  external  noae  is  composed  of  bones  and  cartilages;  it  is 
covered  by  the  integument,  and  lined  by  mucous  membrane. 

The  bony  tiame-work  occupies  the  upper  part  of  the  organ ;  it  consists  of  the  nasal  bones,  and 
the  frontal  processes  of  the  maxillie. 

The  cartd&ginoiu  frame-work  (caHilaipnee  tui^i)  consists  of  five  large  pieces,  viz.,  the  cartOaftt 
of  the  septum,  the  two  lateral  and  the  two  greater  alar  cartilageB,  and  several  smaller  pieces, 
the  letaei  alar  eartHages  (Figs.  S30,  831,  832).  The  various  cartilages  are  connected  to  each  other 
and  to  the  bones  by  a  tough  fibrous  membrane. 

The  cartilage  of  the  Beptmn  (cartilago  aepH  nmi)  is  somewhat  quadrilateral  in  form,  thicker  at 
its  margins  than  at  its  centre,  and  completes  the  separation  between  the  nasal  cavities  in  frwit . 
Its  anterior  margin,  thickest  above,  is  connected  with  the  nasal  bones,  and  is  continuous  with 
the  anterior  margins  of  the  lateral  cartilages;  below,  it  is  connected  to  the  medial  crura  ot  the 
greater  alar  cartilages  by  fibrous  tissue.  Its  posterior  margin  is  connected  with  the  perpendicular 
plate  of  the  ethmoid;  its  inferior  margin  with  the  vomer  and  the  palatine  processes  of  the  manlls. 
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It  may  be  prolonged  backward  (especially  in  children)  as  a  oarrow  process,  the  B^OQOidsl  pto- 
eus,  for  some  distance  between  the  vomer  and  perpendicular  plate  of  the  etbmoid.    The  septal 
cartilage  does  not  reach  ae  far  as  the  lowest  part  of  the  nasal  septum.    This  ia  formed  by  the 
medial  crura  of  the  greater  alar  cartilages  and  by  the 
skin;  it  is  freely  movable,  and  hence  is  termed  the 
Bflptnin  mobile  nuL 

The  Ut«nl  OftrtiUf •  {cartHago  nagi  lateralis:  upper 
lateral  cartilage)  is  situated  below  the  inferior  margin 
of  the  nasal  bone,  and  ia  flattened,  and  triangular  in 
shape.  Its  anterior  margin  ia  thicker  than  the  poa- 
terior,  and  ia  continuous  above  with  the  cartilage  of 
the  septum,  but  separated  from  it  below  by  a 
narrow  fiBBure;  its  superior  margin  is  attached  to 
the  nasal  bone  and  the  frontal  process  of  the  max- 
illa; its  inferior  margin  is  connected  by  fibrous 
tissue  with  the  greater  alar  cartilage. 

The  srmtei  tiu  CUtiltce  {cartUago  uUitU  major; 
lower  lateral  cartilage)  is  a  thin,  flexible  plate,  sit- 
uated immediately  below  the  preceding,  and  bent 
upon  itself  in  such  a  manner  as  to  form  the  medial 
and  lateral  walla  of  the  naris  of  its  own  side.  The 
portion  which  forms  the  medial  W4ll  {eras  mediate) 
is  loosely  connected  with  the  corresponding  portion 
of  the  opposite  cartilage,  the  two  forming,  together 
with  the  thickened  integument  and  subjacent  tis- 
sue, the    septum  mobile  dmI.    The    part  which 

forms   the  Uteral  W»ll    (crua   lalerale)  is  curved  to         Fia.  830.— Cartilagea  of  the  pok.     Side  view. 
correspond  with  the  ala  of  the  nose;  it  is  oval  and 

flattened,  narrow  behind,  where  it  is  connected  with  the  frontal  process  of  the  maxilla  by  a  toi^ 
fibrous  membrane,  in  which  are  found  three  or  four  small  cftftilaginoua  plates,  the  lesser  ftlai 
eutiUces  {carlilagines  (dares  minores;  sesamoid  cartilages).  Above,  it  is  connected  by  fibrous 
tissue  to  the  lateral  cartilage  and  front  part  of  the  cartilage  of  the  septum;  below,  it  falls  short 
of  the  margin  of  the  naris,  the  ala  being  completed  by  tatty  and  fibrous  tissue  covered  by  skin. 
In  front,  the  greater  alar  cartilages  are  separated  by  a  notch  which  corresponds  with  the  apex 
of  the  nose. 


Fia.  831— CartilA«eaaf  the  nose.  seflDlrorQ  below.  Fia.  S32.— Bones  mnd  rartiluee  of  septum  of  nose. 

tUlbt  dde. 

The  mtuetes  acting  on  the  external  nose  have  been  described  in  the  section  on  Myology. 

The  intefmnent  of  the  dorsum  and  sides  of  the  nose  is  thin,  and  loosely  connected  with  the 
subjacent  parts;  but  over  the  tip  and  als  it  is  thicker  and  more  firmly  adherent,  and  is  furnished 
with  a  large  number  of  sebaceous  follicles,  the  orificea  of  which  are  usually  very  distinct. 

The  Uterles  of  the  external  nose  are  the  alar  and  septal  branches  of  the  external  maxillary, 
which  supply  the  ala!  and  septum;  the  dorsum  and  sides  being  supplied  from  the  dorsal  nasal 
branch  of  the  ophthalmic  and  the  infraorbital  branch  of  the  internal  maxillary.  The  Toina  end  in 
the  anterior  facial  and  ophthalmic  veins. 

The  nerres  for  the  muscles  of  the  nose  are  derived  from  the  facial,  while  the  skin  receives 
branches  from  the  infratrocblear  and  nasociliary  branches  of  the  ophthalmic,  and  from  the  infra- 
orbital of  the  maxillary. 
64 


1010        ORGANS  OF  THE  SENSES  AND  THE  COMMON  INTEGUMENT 

The  Nasal  Cavity  (Carain  Nasi;  Nasal  Fossa). 

The  nasal  chambers  are  situated  one  on  either  side  of  the  median  plane.  They 
open  in  front  through  the  nares,  and  communicate  behind  through  the  choanie 
with  the  nasal  part  of  the  pharynx.  The  nares  are  somewhat  pear-shaj>ed  apertures, 
each  measuring  about  2.5  cm.  antero-posteriorly  and  1.25  cm.  transversely  at 
its  widest  part.  The  clioaiue  are  two  oval  openings  each  measuring  2.5  cm. 
in  the  vertical,  and  1.25  cm.  in  the  transverse  direction  in  a  well-deveioped 
adult  skull. 

For  the  description  of  the  bonv  boundaries  of  the  nasal  cavities,  see  pages  292 
to  294. 

Inside  the  aperture  of  the  nostril  is  a  slight  dilatation,  the  restibale,  bounded 
laterally  by  the  ala  and  lateral  crus  of  the  greater  alar  cartilage,  and  medially  by 
the  media!  crus  of  the  same  cartilage.  It  is  lined  by  skin  containing  hairs  and 
sebaceous  glands,  and  extends  as  a  small  recess  toward  the  apex  of  the  nose.  Each 
nasal  cavity,  above  and  behind  the  vestibule,  is  divided  into  two  parts:  an  olfactory 
repon,  consisting  of  the  superior  nasal  concha  and  the  opposed  part  of  the  septum, 
and  a  respiratory  region,  which  comprises  the  rest  of  the  cavity. 


P/iarijngciU  orifice  of  aiidilory  tvbc         Pharyngeai  TC 


Lateral  Wall  (Figs.  833,  834}.— On  the  lateral  wall  are  the  saperior,  middle,  and 
inferior  nasal  conchse,  and  below  and  lateral  to  each  concha  is  the  correspond- 
ing nasal  passage  or  meatus.  Above  the  superior  concha  is  a  narrow  recess, 
the  sphenoethmoidal  recess,  into  which  the  sphenoidal  sinus  opens.  The  sopwior 
meatus  is  a  short  oblique  passage  extending  about  half-way  along  the  upper  border 
of  the  middle  concha;  the  posterior  ethmoidal  cells  open  into  the  front  part  of  this 
meatus.     The  middle  meatus  is  below  and  lateral  to  the  middle  concha,  and  is 


THE  NASAL  CAVITY  1011 

continued  anteriorly  into  a  shallow  depression,  situated  above  the  vestibule  and 
named  the  atrium  of  the  middle  meatus.  On  raising  or  removing  the  middle  concha 
the  lateral  wall  of  this  meatus  is  fully  displayed.  On  it  is  a  rounded  elevation, 
the  bnlU  etlimoidalis,  and  below  and  in  front  of  this  is  a  cur\'ed  cleft,  the  hiatus 
setoiltmuis. 

The  bttlla  ethmoldalis  is  caused  by  the  bulging  of  the  middle  ethmoidal  cells 
which  open  on  or  immediately  above  it,  and  the  size  of  the  bulla  varies  with  that 
of  its  contained  cells. 


Fio.  834.— Lateral  wall  of  nasal  CBvit>';  the  three  nanl  concha  have  been  removed. 

The  hiatus  Bemilunaris  is  bounded  inferiorly  by  the  sharp  concave  margin  of  the 
uncinate  process  of  the  ethmoid  bone,  and  leads  into  a  curved  channel,  the  infundib- 
almn,  bounded  above  by  the  bulla  ethmoidalis  and  below  by  the  lateral  surface 
of  the  uncinate  process  of  the  ethmoid.  The  anterior  ethmoidal  cells  open  into  the 
front  part  of  the  infundibulum,  and  this  in  slightly  over  50  per  cent,  of  subjects 
is  directly  continuous  with  the  frontonasal  duct  or  passage  leading  from  the  frontal 
air  sinus;  but  when  the  anterior  end  of  the  uncinate  process  fuses  with  the  front 
part  of  the  bulk,  this  continuity  is  interrupted  and  the  frontonasal  duct  then  opens 
directly  into  the  anterior  end  of  the  middle  meatus. 

Below  the  bulla  ethmoidalis,  and  partly  hidden  by  the  inferior  end  of  the  uncinate 
process,  is  the  ostium  muillare,  or  opening  from  the  maxillary  sinus;  in  a  frontal 
section  this  opening  is  seen  to  be  placed  near  the  roof  of  the  sinus.  An  accessory 
opening  from  the  sinus  is  frequently  present  below  the  posterior  end  of  the  middle 
nasal  concha.  The  inferior  meatus  is  below  and  lateral  to  the  inferior  nasal  concha; 
the  nasolacrimal  duct  opens  into  this  meatus  under  cover  of  the  anterior  part  of 
the  inferior  concha. 
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Medial  Wall  (Fig.  832). — ^The  medial  wall  or  septum  is  frequently  more  or 
less  deflected  from  the  median  plane,  thus  lessening  the  size  of  one  nasal  cavity 
and  increasing  that  of  the  other;  ridges  or  spurs  of  bone  growing  into  one- or  other 
cavity  from  the  septum  are  also  sometimes  present.  Immediately  over  the  incisive 
canal  at  the  lower  edge  of  the  cartilage  of  the  septum  a  depression,  the  nasopalatine 
recess,  is  seen.  In  the  septum  close  to  this  recess  a  minute  orifice  may  be  discerned; 
it  leads  backward  into  a  blind  pouch,  the  rudimentary  vomeronasal  or^^an  of  Jacobson, 
which  is  supported  by  a  strip  of  cartilage,  the  vomeronasal  cartilac^e.  This  organ 
is  well-developed  in  many  of  the  lower  animals,  where  it  apparently  plays  a  part 
in  the  sense  of  smell,  since  it  is  supplied  by  twigs  of  the  olfactory  nerve  and  lined 
by  epithelium  similar  to  that  in  the  olfactory  region  of  the  nose. 

The  roof  of  the  nasal  cavity  is  narrow  from  side  to  side,  except  at  its  posterior 
part,  and  may  be  divided,  from  behind  forward,  into  sphenoidal,  ethmoidal,  and 
frontonasal  parts,  after  the  bones  which  form  it. 

The  floor  is  concave  from  side  to  side  and  almost  horizontal  antero-posteriorly; 
its  anterior  three-fourths  are  formed  by  the  palatine  process  of  the  maxilla,  its 
posterior  fourth  by  the  horizontal  process  of  the  palatine  bone.  In  its  antero- 
medial  part,  directly  over  the  incisive  foramen,  a  small  depression,  the  nasopalatine 
recess,  is  sometinies  seen;  it  points  downward  and  forward  and  occupies  the 
position  of  a  canal  which  connected  the  nasal  with  the  buccal  cavity  in  early 
fetal  life. 

The  Mucous  Membrane  {membrana  mucosa  mm). — The  nasal  mucous  membrane 
lines  the  nasal  cavities,  and  is  intimately  adherent  to  the  periosteum  or  perichon- 
drium. It  is  continuous  with  the  skin  through  the  nares,  and  with  the  mucous 
membrane  of  the  nasal  part  of  the  pharynx  through  the  choanae.  From  the  nasal 
cavity  its  continuity  with  the  conjunctiva  may  be  traced,  through  the  nasolacrimal 
and  lacrimal  ducts;  and  with  the  frontal,  ethmoidal,  sphenoidal,  and  maxillarj' 
sinuses,  through  the  several  openings  in  the  meatuses.  The  mucous  membrane 
is  thickest,  and  most  vascular,  over  the  nasal  conchae.  It  is  also  thick  over  the 
septum;  but  it  is  very  thin  in  the  meatuses  on  the  floor  of  the  nasal  cavities,  and  in 
the  various  sinuses. 

Owing  to  the  thickness  of  the  greater  part  of  this  membrane,  the  nasal  cavities 
are  much  narrower,  and  the  middle  and  inferior  nasal  conchse  appear  larger  and 
more  prominent  than  in  the  skeleton;  also  the  various  apertures  communicating 
witb  the  meatuses  are  considerably  narrowed. 

Structure  of  the  Mucous  Membrane  (Fig.  835). — The  epithelium  covering  the  mucous  mem- 
brane differs  in  its  character  according  to  the  functions  of  the  part  of  the  nose  in  which  it  is  found. 
In  the  respiratory  region  it  is  colunmar  and  ciliated.    Interspersed  among  the  columnar  oells 
are  goblet  or  mucin  cells,  while  between  their  bases  are  found  smaller  p3rramidal  cells.    Beneath 
the  epithelium  and  its  basement  membrane  is  a  fibrous  layer  infiltrated  with  lymph  corpuscles, 
so  as  to  form  in  many  parts  a  diffuse  adenoid  tissue,  and  under  this  a  nearly  continuous  layer 
of  small  and  larger  glands,  some  mucous  and  some  serous,  the  ducts  of  which  open  upon  the 
surface.    In  the  olfactory  region  the  mucous  membrane  is  yellowish  in  color  and  the  epithelial 
cells  are  columnar  and  non-cihated ;  they  are  of  two  kinds,  supporting  cells  and  olfactory  cells. 
The  supporting  cells  contain  oval  nuclei,  which  are  situated  in  the  deeper  parts  of  the  cells  and 
constitute  the  zone  of  oval  nuclei;  the  superficial  part  of  each  cell  is  colunmar,  and  contains 
granules  of  yellow  pigment,  while  its  deep  part  is  prolonged  as  a  delicate  process  which  ramifies 
and  communicates  with  similar  processes  from  neighboring  cells,  so  as  to  form  a  net-work  in  the 
mucous  membrane.    Lying  between  the  deep  processes  of  the  supporting  cells  are  a  number  of 
bipolar  nerve  cells,  the  olfactory  cells,  each  consisting  of  a  small  amount  of  granular  protoplasm 
with  a  large  spherical  nucleus,  and  possessing  two  processes — a  superficial  one  which  runs  between 
the  columnar  epithelial  cells,  and  projects  on  the  surface  of  the  mucous  membrane  as  a  fine, 
hair-like  process,  the  olfactory  hair;  the  other  or  deep  process  runs  inward,  is  frequently  beaded, 
and  is  continued  as  the  axon  of  an  olfactory  nerve  fibre.    Beneath  the  epithehum,  and  extending 
through  the  thickness  of  the  mucous  membrane,  is  a  layer  of  tubular,  often  branched,  glands, 
the  glands  of  Bowman,  identical  in  structure  with  serous  glands. 
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Tsssels  and  HBrres.— The  uteiiaa  ot  the  nasal  cavities  are  the  anterior  and  posterior  eth- 
moidal branches  of  the  ophthalmic,  which  supply  the  ethmoidal  cells,  frontal  sinuses,  and  roof 
of  the  nose;  the  sphenopalatine  branch  of  the  internal  maxillary,  which  supplies  the  mucous 
membrane  covering  the  conchs,  the  meatuses  and  septum;  the  septal  branch  of  the  superior  labial 
of  the  external  maxillaiy;  the  infraorbital  and  alveolar  branches  of  the  internal  maxillary,  which 
supply  the  lining  membrane  of  the  maxillary  sinus;  and  the  phar3^geal  branch  of  the  same  artery, 
distributed  to  the  sphenoidal  sinus.  The  ramifications  of  these  vesseb  form  a  close  plexUorm 
net-work,  beneath  and  in  the  substance  of  the  mucous  membrane. 


FiQ.  S3b. — SectiDn  of  liis  oUnctory  mucoua  mtmbnoe.    (Cidint.)    a.  EpittaeiiuDi.    b.  Gluidi  of  fiowmuL. 
e.  Nerve  buodtes. 

The  Tolna  form  a  close  cavernous  plexus  beneath  the  mucous  membrane.    This  plexus  is  especi- 
ally well-marked  over  the  lower  part  of  the  septum  and  over  the  middle  and  inferior  conchs.   Some 
ot  the  veins  open  into  the  sphenopalatine  vein;  others  join  the  anterior  facial  vein;  some  accom- 
pany  the  ethmoidal   arteries,  and  end   in   the 
ophthalmic  veins;  and,  lastly,  a  few  communi- 
cate with  the  veins  on  the  orbital  surface  of  the 
frontal  lobe  of  the  brain,  through  the  foramina 
in  the  cribriform  plate  of  the  ethmoid  bone; 
when  the  foramen  caecum  is  patent  it  transmits 
a  vein  to  the  superior  sagittal  sinus. 

The  lymplutlea  have  already  been  described 
(p.  776). 

The  nerves  of  ordinary  sensation  are;  the 
nasociliary  branch  of  the  ophthalmic,  filaments 
from  the  anterior  alveoltu:  branch  of  the  max- 
illary, the  nerve  of  the  pterygoid  canal,  the 
nasopalatine,  the  anterior  palatine,  and  nasal 
branches  of  the  sphenopalatine  ganglion. 

The  nasociliary  branch  of  the  ophthalmic 
distributes  filaments  to  the  forepart  of  the 
septum  and  lateral  wali  of  the  nasal  cavity. 
Filaments  from  the  anterior  alveolar  nerve 
supply  the  inferior  meatus  and  inferior  (;oncha. 
The  nerve  of  the  pterygoid  canal  SUppheS  the  F'"-  83B.— Nerves  ol  Kptum  ot  no«e.     Riahtnda. 

upper  and  back  part  of  the  septum,  and  superior 

concha;  and  the  upper  nasal  branches  from  the  sphenopalatine  ganglion  have  a  similar  distri- 
bution. The  nasopalatine  nerve  supplies  the  middle  of  the  septum.  The  anterior  palatine 
nerve  suppUea  the  lower  nasal  branches  to  the  middle  and  inferior  conchi. 

The  otfadory,  the  special  nerve  of  the  sense  of  smell,  is  distributed  to  the  olfactory  region. 
Its  fibres  arise  from  the  bipolar  olfactory  cells  and  are  destitute  of  medullary  sheaths.  They 
unite  in  fascicuh  which  form  a  plexus  beneath  the  mucous  membrane  and  then  ascend  in  grooves 
or  canals  in  the  ethmoid  bone;  they  pass  into  the  skull  through  the  foramina  in  the  cribriform 
plate  of  the  ethmoid  and  enter  the  under  surface  of  the  olfactory  bulb,  in  which  they  ramify 
and  form  synapses  with  the  dendrites  of  the  mitral  cells  (Fig.  772). 
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The  Accessory  Sinuses  of  the  Nose  (Sinus  Paranaaales)  (Figs,  833,  834,  837). 

The  accessory  Binnses  or  air  cells  of  the  oose  are  the  frontal,  ethmoidal,  sphenoidal, 
and  maxillarr;  they  vary  in  size  and  form  in  different  individuals,  and  are  lined 
by  mucous  membrane  directly  continuous  with  that  of  the  nasal  cavities. 

The  frontal  sinuses  (sinus  fwntales),  situated  behind  the  superciliary  arches, 
are  rarely  symmetrical,  and  the  septum  between  them  frequently  deviates  to  one 
or  other  side  of  the  middle  line.  Their  average  measurements  are  as  follows: 
height,  3  cm. ;  breadth,  2.5  cm. ;  depth  from  before  backward,  2.5  cm.  Each  opens 
into  the  anterior  part  of  the  corresponding  middle  meatus  of  the  nose  through  the 
frontonasal  duct  which  traverses  the  anterior  part  of  the  labyrinth  of  the  ethmoid. 
Absent  at  birth,  they  are  generally  fairly  well  developed  between  the  seventh  and 
eighth  years,  but  only  reach  their  full  size  after  puberty. 

Superior  concha 


MiddU 
meatus 


concha 
Maxillary 


1.  837.— CoroMl  ae 


The  ettunoidal  air  cells  (cellulae  ethmoidales)  consist  of  numerous  thin-walled 
cavities  situated  in  the  ethmoidal  labyrinth  and  completed  by  the  frontal,  maxilla, 
lacrimal,  sphenoidal,  and  palatine.  They  lie  between  the  upper  parts  of  the  nasal 
cavities  and  the  orbits,  and  are  separated  from  these  cavities  by  thin  bony 
laminte.  On  either  side  they  are  arranged  in  three  groups,  anterior,  middle,  and 
posterior.  The  anterior  and  middle  groups  open  into  the  middle  meatus  of  the 
nose,  the  former  by  way  of  the  infundibulum,  the  latter  on  or  above  the  bulla 
ethmoidalis.  The  posterior  cells  open  into  the  superior  meatus  under  cover  of 
the  superior  nasal  concha;  sometimes  one  or  more  opens  into  the  sphenoidal  sinus. 
The  ethmoidal  cells  begin  to  develop  during  fetal  life. 

The  sphenoidal  sinuses  (sinus  sphenoidales)  contained  within  the  body  of  the 
sphenoid  vary  in  size  and  shape;  owing  to  the  lateral  displacement  of  the  inter- 
vening septum  they  are  rarel.\'  s\mmetrical.  The  following  are  their  average 
measurements:  vertical  height,  2.2  cm.;  transverse  breadth,  2  cm.jantero-posterior 
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depth,  2.2  cm.  When  exceptionally  large  they  may  extend  into  the  roots  of  the 
pterygoid  processes  or  great  wings,  and  may  invade  the  basilar  part  of  the  occipital 
bone.  Each  sinus  communicates  with  the  sphenoethmoidal  recess  by  means  of 
an  aperture  in  the  upper  part  of  its  anterior  wall.  They  are  present  as  minute 
cavities  at  birth,  but  their  main  development  takes  place  after  puberty. 

The  maxillary  sinus  {sinus  Tnaxillaris;  antrum  of  Highmore),  the  largest  of  the 
accessory  sinuses  of  the  nose,  is  a  pyramidal  cavity  in  the  body  of  the  maxilla. 
Its  base  is  formed  by  the  lateral  wall  of  the  nasal  cavity,  and  its  apex  extends  into 
the  zygomatic  process.  Its  roof  or  orbital  wall  is  frequently  ridged  by  the  infra- 
orbital canal,  while  its  floor  is  formed  by  the  alveolar  process  and  is  usually  on  a 
level  with  the  floor  of  the  nose;  projecting  into  the  floor  are  several  conical  eleva- 
tions corresponding  with  the  roots  of  the  first  and  second  molar  teeth,  and  in  some 
cases  the  floor  is  perforated  by  one  or  more  of  these  roots.  The  size  of  the  sinus 
varies  in  different  skulls,  and  even  on  the  two  sides  of  the  same  skull.  The  follow- 
ing measurements  are  those  of  an  average-sized  sinus:  vertical  height  opposite 
the  first  molar  tooth,  3.75  cm.;  transverse  breadth,  2.5  cm.;  antero-posterior  depth, 
3  cm.  In  the  antero-superior  part  of  its  base  is  an  opening  through  which  it  com- 
municates with  the  lower  part  of  the  hiatus  semilunaris ;  a  second  orifice  is  frequently 
seen  in,  or  immediately  behind,  the  hiatus.  The  maxillary  sinus  appears  as  a  shal- 
low groove  on  the  medial  surface  of  the  bone  about  the  fourth  month  of  fetal  life, 
but  does  not  reach  its  full  size  until  after  the  second  dentition.^ 

Applied  Anatomy. — Instances  of  congenital  deformity  of  the  nose  are  occasionally  met  with, 
such  as  complete  absence  of  the  external  nose,  an  aperture  only  being  present;  or  perfect  develop- 
ment on  one  side^  and  suppression  or  malformation  on  the  other.  Deformities  which  have  been 
acquired  are  much  more  common,  such  as  flattening  of  the  nose,  the  result  of  syphilitic  necrosis; 
or  imperfect  development  of  the  nasal  bones  in  cases  of  congenital  syphilis;  or  a  lateral  deviation 
of  the  nose  may  result  from  fracture. 

The  skin  over  the  alse  and  apex  of  the  nose  is  thick  and  closely  adherent  to  subjacent  parts; 
inflammation  of  this  part  is  therefore  very  painful,  on  account  of  the  tension.  It  is  richly  supplied 
with  blood,  and,  the  circulation  here  being  terminal,  vascular  engorgement  is  liable  to  occur 
especially  in  women  at  the  menopause,  and  in  both  sexes  from  disorders  of  digestion,  exposure 
to  cold,  etc.  The  skin  of  the  nose  also  contains  a  large  number  of  sebaceous  follicles,  and  these, 
as  the  result  of  intemperance,  are  apt  to  become  affected  and  the  nose  reddened,  congested,  and 
irregularly  swollen.  To  this  the  term  ''grog  blossom"  is  popularly  applied.  In  some  of  these 
cases  there  is  enormous  hypertrophy  of  the  skin  and  subcutaneous  tissues.  Epithelioma  and 
rodent  ulcer  may  attack  the  nose,  the  latter  being  the  more  conmion  of  the  two.  Lupus  and 
syphilitic  ulceration  frequently  affect  the  nose,  and  may  destroy  the  whole  of  the  cartilaginous 
portion.  In  fact,  lupus  vulgaris  begins  more  frequently  on  the  ala  of  the  nose  than  in  any  other 
situation. 

To  examine  the  nasal  cavities,  the  head  should  be  thrown  back  and  the  nose  drawn  upward, 
the  parts  being  dilated  by  some  form  of  speculum.  The  choans  can  be  explored  by  reflected 
light  from  the  mouth,  through  which  they  can  be  illuminated.  The  examination  is  very  difficult 
to  carry  out,  and,  as  a  rule,  sufficient  information  regarding  the  presence  of  foreign  bodies  or 
tumors  in  the  nasopharynx  can  be  obtained  by  the  introduction  of  the  flnger  behind  the  soft 
palate  through  the  mouth.  The  septum  of  the  nose  may  be  displaced  or  may  deviate  from  the 
middle  line;  this  may  be  the  result  of  an  injury  or  of  some  congenital  defect.  Sometimes  the 
deviation  may  be  so  great  that  the  septmn  may  come  into  contact  with  the  lateral  wall  of  the 
najsal  cavity,  and  may  even  become  adherent  to  it,  thus  producing  complete  obstruction.  Per- 
foration of  the  septum  is  not  an  uncommon  affection,  and  may  arise  from  sevei^d  causes :  S3rphilitic 
or  tuberculous  ulceration,  blood  tumor  or  abscess  of  the  septum.  When  small,  the  perforation 
may  cause  a  peculiar  whistling  sound  during  respiration.  When  large,  it  may  lead  to  the  falling 
in  of  the  bridge  of  the  nose. 

Epistaxis  is  a  very  common  affection  in  children.  It  is  rarely  of  much  consequence,  and  will 
almost  always  subside  without  treatment;  but  in  the  more  violent  hemorrhages  of  later  life  it 
may  be  necessary  to  plug  the  choanse.  A  ready  method  of  regulating  the  bulk  of  the  plug  to  fit 
the  opening  is  to  make  it  of  the  same  size  as  the  terminal  phalanx  of  the  thumb  of  the  patient 
to  be  operated  on. 

1  Xhe  various  measurements  of  the  accessory  sinuses  of  the  nose  are  based  on  those  given  by  Aldren  Turner  in  hii 
Accessory  Sinuses  of  the  Nose. 
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Foreign  bodies^  such  as  buttons^  are  frequently  inserted  into  the  nostrils  by  children,  and 
require  some  care  in  removal,  as  unskilled  attempts  only  result  in  pushing  the  foreign  body 
farther  into  the  nasal  cavity.  Bodies  which  remain  in  the  nose  for  any  length  of  time  set  up 
ulceration  of  the  mucous  membrane,  sometimes  spreading  to  the  bone,  and  a  profuse  purulent 
discharge  results.  A  condition  of  unilateral  nasal  discharge  in  a  child  is  always  suggestive  of 
the  presence  of  a  foreign  body.  The  removal  of  such  objects  is  best  effected  by  giving  the  child 
an  anesthetic,  opening  the  mouth  with  a  gag,  and  placing  the  left  forefinger  in  the  nasopharynx, 
so  as  to  prevent  the  escape  of  the  body  into  the  air  passages;  the  foreign  body  is  then  removed 
through  the  anterior  naris  by  a  suitable  scoop  or  forceps  manipulated  by  the  right  hand. 

Enlargement  of  the  mucous  membrane  covering  the  inferior  or  middle  nasal  conchse  is  a  very 
frequent  accompaniment  of  chronic  nasal  catarrh.  In  old-standing  cases  the  bones  themselves 
may  become  enlarged,  constituting  the  "  hypertrophied  turbinals''  which  are  so  often  the  cause 
of  nasal  obstruction.  In  the  case  of  the  inferior  concha  either  the  anterior  or  posterior  end  is 
usually  more  especially  affected,  giving  rise  to  a  reddened  mass  of  tissue  often  confused  with  a 
nasal  polypus;  the  appearances,  however,  are  totally  different,  as  the  true  nasal  polypi  appear 
as  glistening  grayish-white  bodies  between  the  conchse.  Hypertrophy  of  the  conchse  can  be 
temporarily  reduced  to  a  great  extent  by  the  local  application  of  cocaine,  and  if  the  reduction 
by  this  means  is  to  practically  the  normal  condition,  then  treatment  by  application  of  the  galvano- 
cautery  will  be  sufficient;  otherwise  the  enlarged  portion  of  the  bone  or  bones  will  require  removal 
by  a  wire  snare  after  the  attachment  to  the  lateral  wall  of  the  nasal  cavity  has  been  freed,  by  special 
nasal  scissors,  in  the  case  of  enlargement  of  the  anterior  end,  and  by  the  spokeshave  when  the 
posterior  end  is  enlarged.  It  is  highly  inadvisable  to  remove  more  than  is  necessary,  as  too  free 
removal  results  in  a  dry  condition  of  the  air  passages,  which  conduces  to  a  chronic  dry  pharyngitis 
and  laryngitis 

Nasal  polypi  are  of  frequent  occurrence;  in  the  common  gelatinous  form  they  spring  from  the 
lateral  wall  of  the  nasal  cavity  and  project  down  between  the  conchse,  giving  rise  to  obstructed 
nasal  respiration.  They  are  always  accompanied  by  purulent  discharge,  and  are  due  in  all 
instances  to  small  areas  of  carious  bone  in  the  region  of  the  huUa  eihmoidaliSf  or  about  the  ethmoidal 
or  sphenoidal  air  cells.  They  appear  as  glistening  grayish-white  bodies  swinging  on  a  pedicle, 
and  the  larger  ones  can  be  encircled  with  a  cold  wire  snare  and  thus  removed;  usually,  however, 
after  the  extirpation  of  the  larger  ones  has  been  carried  out,  numerous  small  polypi  can  be  seen 
springing  from  the  region  of  their  bases,  and  cauterization  of  such  affected  sxess  must  be  thor- 
oughly carried  out  if  a  recurrence  of  the  trouble  is  to  be  avoided.  In  bad  cases  a  free  curetting 
of  the  ethmoidal  air  ceUs  may  be  called  for  after  removal  of  the  middle  concha.  Fibrous  polypi 
are  also  more  rarely  met  with,  and  these  are  of  the  nature  of  new  growths;  they  most  frequently 
spring  from  the  base  of  the  skull  behind  the  choanse  and  form  pedunculated  tumors  occupying 
the  nasopharynx.  Malignant  polypi  also  occur,  most  conmionly  originating  in  the  maxillary 
sinus  and  projecting  through  its  medial  wall  into  the  nasal  cavity;  for  such  cases  removal  of  the 
maxilla  offers  the  only  hope  of  cure.  » 

Suppuration  in  the  accessory  nasal  sinuses  is  of  frequent  occurrence,  and  in  connection  with 
this  the  situations  at  which  the  various  sinuses  normally  conomunicate  with  the  nasal  caviti^ 
are  important;  thus  one  finds  they  fall  into  two  main  groups:  the  anterior,  opening  into  the 
middle  meatus,  and  draining  the  maxillary  sinus,  the  frontal  sinus,  and  the  anterior  ethmoidal 
air  cells;  and  the  posterior  group,  opening  into  the  superior  meatus  and  sphenoethmoidal  recess, 
and  draining  the  posterior  ethmoidal  and  sphenoidal  air  cells.    Suppuration  in  the  anterior  group 
is  the  more  common,  and  the  pus  can  be  seen  nmning  down  over  the  anterior  end  of  the  inferior 
concha,  whereas  in  the  case  of  the  posterior  group  the  pus  does  not  come  forward,  but  runs  back 
into  the  nasopharynx  over  the  posterior  end  of  the  middle  concha.    Again,  it  is  of  importance  to 
notice  that  the  middle  meatus  is  of  such  a  form  that  pus  running  down  from  the  frontal  sinus  is 
directed  by  the  groove  beneath  the  bulla  ethmoidalis  into  the  ostium  of  the  maxillary  sinus,  so 
that  the  latter  sinus  may,  in  some  cases,  act  as  a  secondary  reservoir  for  pus  discharged  from  the 
frontal  sinus.    All  the  accessory  sinuses  can  be  and  are  infected  from  the  nasal  cavity,  but  it  should 
be  noted  that  in  the  case  of  the  maxillary  sinus,  the  infection  is  frequently  conveyed  in  another 
way,  and  that  is  from  the  teeth.    This  sinus  is  the  one  most  frequently  the  seat  of  clm)nic  suppura- 
tion and  it  often  requires  drainage;  this  can  be  carried  out  by  drilling  a  hole  through  the  alveolus 
after  removal  of  a  tooth,  preferably  the  first  molar,  or  by  gouging  away  the  anterior  surface  of 
the  maxilla,  after  having  reflected  the  gum,  or  by  removing  bone  from  the  lateral  wall  of  the 
inferior  meatus  of  the  nose.    Simple  drainage,  however,  is  not  usually  sufficient,  and  more  exten- 
sive operations  have  often  to  be  performed.    Distension  of  the  walls  of  the  maxillary  antrum 
occurs  as  the  result  of  new-growth  or  cyst  formation  within  its  cavity.     Thus  the  facial  surface 
may  be  prominently  bulged  outward,  upward  extension  may  displace  the  eyeball  outward,  or 
the  nasal  cavity  on  that  side  may  be  occluded,  giving  rise  to  imilateral  obstruction.    In  some 
cases  the  disease  will  perforate  the  palatine  process  of  the  maxilla  and  a  soft  spot  will  be  found" 
under  the  mucoperiosteum.    If  the  disease  be  malignant  in  nature,  nothing  short  of  excision  of 
the  maxilla  is  of  any  avail  (see  p.  300). 
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THE  ORGAN  OF  SIGHT   (ORGANON  VISUS;   THE  ETE). 

The  bulb  of  the  eye  {bulbus  oculi;  eyeball)  y  or  organ  of  sight,  is  contained  in  the 
cavity  of  the  orbit,  where  it  is  protected  from  injury  and  moved  by  the  ocular 
muscles.  Associated  with  it  are  certain  accessory  structures,  viz.,  the  muscles, 
fasciae,  eyebrows,  eyelids,  conjunctiva,  and  lacrimal  apparatus. 

The  bulb  of  the  eye  is  imbedded  in  the  fat  of  the  orbit,  but  is  separated  from  it 
by  a  thin  membranous  sac,  the  fascia  bulbi  (page  1037).  It  is  composed  of  segments 
of  two  spheres  of  different  sizes.  The  anterior  segment  is  one  of  a  small  sphere; 
it  is  transparent,  and  forms  about  one-sixth  of  the  bulb.  It  is  more  prominent 
than  the  posterior  segment,  which  is  one  of  a  larger  sphere,  and  is  opaque,  and  forms 
about  five-sixths  of  the  bulb.  The  term  anterior  pole  is  applied  to  the  central  point 
of  the  anterior  curvature  of  the  bulb,  and  that  of  posterior  pole  to  the  central  point 
of  its  posterior  curvature;  a  line  joining  the  two  poles  forms  the  optic  axis.  The 
axes  of  the  two  bulbs  are  nearly  parallel,  and  therefore  do  not  correspond  to  the 
axes  of  the  orbits,  which  are  directed  forward  and  lateralward.  The  optic  nerves 
follow  the  direction  of  the  axes  of  the  orbits,  and  are  therefore  not  parallel;  each 
enters  its  eyeball  3  mm.  to  the  nasal  side  and  a  little  below  the  level  of  the  posterior 
pole.  The  bulb  measures  rather  more  in  its  transverse  and  antero-posterior  diame- 
ters than  in  its  vertical  diameter,  the  former  amounting  to  about  24  mm.,  the  latter 
to  about  23.5  mm. ;  in  the  female  all  three  diameters  are  rather  less  than  in  the  male; 
its  antero-posterior  diameter  at  birth  is  about  17.5  mm.,  and  at  puberty  from  20 
to  21  mm. 

The  bulb  of  the  eye  is  composed  of  three  tunics,  and  of  three  refracting  media. 

The  Tunics  of  the  Eye  (Fig.  838). 

From  without  inward  the  three  tunics  are:  (1)  A  fibrous  tunic,  consisting  of  the 
sclera  behind  and  the  cornea  in  front;  (2)  a  vascular  pigmented  tunic,  comprising, 
from  behind  forward,  the  choroid,  ciliary  body,  and  iris;  and  (3)  a  nervous  tunic, 
the  retina. 

The  Fibrous  Tunic  {tunica  fibrosa  oculi). — The  sclera  and  cornea  (Fig.  838) 
form  the  fibrous  tunic  of  the  bulb  of  the  eye;  the  sclera  is  opaque,  and  constitutes 
the  posterior  five-sixths  of  the  tunic;  the  cornea  is  transparent,  and  forms  the 
anterior  sixth. 

The  Sclera. — ^The  sclera  has  received  its  name  from  its  extreme  density  and  hard- 
ness; it  is  a  firm,  unyielding  membrane,  serving  to  maintain  the  form  of  the  bulb. 
It  is  much  thicker  behind  than  in  front;  the  thickness  of  its  posterior  part  is  1  mm. 
Its  external  surface  is  of  white  color,  and  is  in  contact  with  the  inner  surface  of  the 
fascia  of  the  bidb;  it  is  quite  smooth,  except  at  the  points  where  the  Recti  and 
Obliqui  are  inserted  into  it;  its  anterior  part  is  covered  by  the  conjunctival  mem- 
brane. Its  inner  surface  is  brown  in  color  and  marked  by  grooves,  in  which  the 
ciliary  nerves  and  vessels  are  lodged;  it  is  separated  from  the  outer  surface  of  the 
choroid  by  an  extensive  lymph  space  (spatium  perichorioideale)  which  is  traversed 
b^'  an  exceedingly  fine  cellular  tissue,  the  lamina  suprachorioidea.  Behind  it  is 
pierced  by  the  optic  nerve,  and  is  continuous  through  the  fibrous  sheath  of  this 
nerve  with  the  dura  mater.  Where  the  optic  nerve  passes  through  the  sclera,  the 
latter  forms  a  thin  cribriform  lamina,  the  lamina  cribrosa  sclerae;  the  minute  orifices 
in  this  lamina  serve  for  the  transmission  of  the  nervous  filaments,  and  the  fibrous 
.septa  dividing  them  from  one  another  are  continuous  with  the  membranous  pro- 
cesses which  separate  the  bundles  of  nerve  fibres.  One  of  these  openings,  larger 
than  the  rest,  occupies  the  centre  of  the  lamina;  it  transmits  the  central  artery 
and  vein  of  the  retina.    Around  the  entrance  of  the  optic  nerve  are  numerous 
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small  apertures  for  the  transmission  of  the  ciliary  vessels  and  nerves,  and  about 
midway  between  this  entrance  and  the  sclerocorneal  junction  are  four  or  five 
large  apertures  for  the  transmission  of  veins  (venae  vortieosae).  In  front,  the  sclera 
is  directly  continuous  with  the  cornea,  the  line  of  union  being  termed  the  seleio- 
comeal  jnnctios.  In  the  inner  part  of  the  sclera  close  to  this  junction  is  a  circular 
canal,  the  sinus  venosus  sclerae  (carta/  of  Schlemm).  In  a  meridional  section  of  this 
region  this  sinus  presents  the  appearance  of  a  cleft,  the  outer  wall  of  which  consists 
of  the  firm  tissue  of  the  sclera,  while  its  inner  wall  is  formed  by  a  triangular  mass 
of  trabecular  tissue  (Fig.  839);  the  apex  of  the  mass  is  directed  forward  and  is  con- 
tinuous with  the  posterior  elastic  lamina  of  the  cornea.  The  sinus  is  lined  by 
endothelium  and  communicates  internally  with  the  anterior  chamber  of  the  eye 
and  externally  with  the  anterior  ciliarj'  veins. 


Stnictute. — The  sclera  is  formed  of  white  fibrous  tissue  intermixed  with  fine  eUetic  fibns; 
flatt«Ded  coimective-tisflue  corpuscles,  some  of  whicb  are  pigmented,  are  contained  in  cell  spaces 
between  the  fibres.  The  fibres  are  aggregated  into  bundles,  whicb  are  arranged  chiefly  in  a 
longitudinal  direction.  Its  vesseU  are  not  numerous,  the  capillaries  being  of  email  size,  uniting 
at  long  and  wide  intervals.  Its  neroet  are  derived  from  the  ciliary  nerves,  but  their  exact  mode 
of  ending  is  not  known. 

The  Cornea. — The  cornea  is  the  projecting  transparent  part  of  the  external  tunic, 
and  forms  the  anterior  sixth  of  the  surface  of  the  bulb.  It  is  almost  circular  in 
outline,  occasionally  a  little  broader  in  the  transverse  than  in  the  vertical  direction. 
It  is  convex  anteriorly  and  projects  like  a  dome  in  front  of  the  sclera.  Its  degree 
of  curvature  varies  in  different  individuals,  and  in  the  same  individual  at  different 
periods  of  life,  being  more  pronounced  in  youth  than  in  advanced  life.  The  cornea 
is  dense  and  of  uniform  thickness  throughout;  its  posterior  surface  is  perfectly 
circular  in  outline,  and  exceeds  the  anterior  surface  slightly  in  diameter.  Imme- 
diately in  front  of  the  sclerocorneal  junction  the  cornea  bulges  inward  as  a  thickened 
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rim,  and  behind  this  there  is  a  distinct  furrow  between  the  attachment  of  the  iris 
and  the  sclerocorneal  junction.  This  furrow  has  been  named  by  Arthur  Thomson' 
the  snlcos  eitenlans  comeM;  it  is  bounded  externally  b^-  the  trabecular  tissue 
already  described  as  forming  the  inner  wall  of  the  sinus  venosus  sclerae.  Between 
this  tissue  and  the  anterior  surface  of  the  attached  margin  of  the  iris  is  an  angular 
recess,  named  the  iridial  ancle  or  filtration  angle  of  the  eye  (Fig.  839).  Immediately 
outside  the  filtration  angle  is  a  projecting  rim  of  scleral  tissue  which  appears  in  a 
meridional  section  as  a  small  triangular  area,  termed  the  scleral  spar.  Its  base 
is  continuous  with  the  inner  surface  of  the  sclera  immediately  to  the  outer  side  of  the 
filtration  angle  and  its  apex  is  directed  forward  and  inward.  To  the  anterior  sloping 
margin  of  this  spur  are  attached  the  bundles  of  trabecular  tissue  just  referred  to; 
from  its  posterior  margin  the  meridional  fibres  of  the  Ciliaris  muscle  arise. 


F[0,  839.— Enlu-gsd  geDsnl  view  of  ilie  itidUl  Bii|Le.     (Artbur  ThomaoD.) 

Stmctnie  {Fig,  840). — The  cornea  conaistB  from  before  backward  of  four  layers,  viz.;  (1) 
the  cornekl  eplthelimii,  continuous  with  that  of  the  conjunctiva;  (2)  the  BubaUntU  propria; 
(3)  the  posterlot  «Ul(ic  Uminm;  and  (4)  the  endothelium  of  the  anterior  chamber. 

The  comeftl  opithelium  lepithelium  comeae;  anterior  layer)  Covers  the  front,  of  the  cornea  and 
consiats  of  several  layers  of  cells.  The  cells  of  the  deepest  layer  are  columnar;  then  follow  two  or 
three  layers  of  polyhedral  cells,  the  majority  of  which  are  prickle  cells  similar  to  those  found  in 
the  stratum  mucosum  of  the  cuticle.  Lastly,  there  are  three  or  four  layers  of  squamous  cells, 
with  flattened  nuclei. 

The  Bnbataiitia  propria  is  fibrous,  t^iugh,  unyielding,  and  perfectly  transparent.  It  is  com- 
posed of  about  sixty  flattened  lamella,  superimposed  one  on  another.  These  lamelte  are  made 
up  of  bundles  of  modified  connective  tissue,  the  fibres  of  which  are  directly  continuous  with  those 

>  Alias  or  the  Eye,  ClKrendm  Pnu,  Oitord,  igi2. 
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of  tbe  sclera.  The  fibres  of  each  lamellA  are  for  the  moat  part  pai&llel  with  one  another,  but  st 
right  angles  to  those  of  adjaccDt  lametls.  Fibres,  however,  frequently  pass  from  one  lamella 
to  the  neit. 

The  lamelhe  are  connected  with  each  other  by  an  interstitial  cement  substance,  in  which  ait 
spaces,  the  conwal  apacM.  These  are  stellate  in  shape  and  communicate  with  one  another  bj 
numerous  offsets.  Each  contains  a  cell,  the  toniMl  coipniclo,  resembling  in  form  the  space  in 
which  it  is  lodged,  but  not  entirely  filUng  it. 


Fio.  840. — Vertical  sertioa  of  human  corDFB  from  neiir  the  mu|m.  (Wildeyor.)  Migiufied.  1.  Epitbetium. 
2.  Anlerioi-«l»tic  lamina.  3.  substantia  propria.  4.  PoaUrior  elaatic  lamina.  6.  Eadothslium  of  thf  antcnor 
ohamber.  a.  Oblique  fibres  id  Iho  BDlerior  layer  of  the  lubitatitia  propria,  b.  Lameils  the  fibna  of  nhicb  are  cut 
aecoea,  pcoducinK  a  dnttod  appmrancc.  c.  Corneal  cotpuacleg  appesrins  fuaifonn  in  Bectlon.  d.  Lamella  the  Gbret 
of  nhich  are  cut  loDsitudinnlly.  r.  Transitioa  to  the  aclera.  nth  more  dininet  fibrillation,  and  ■urmounted  br  * 
thicker  epithelium,    /.  Umall  blnodviwaeli  cut  acroaa  near  tbe  marsin  of  tbe  cornea. 

The  layer  immediately  beneath  the  corneal  epithelium  presents  certain  characteristics  which 
have  led  some  anatomists  to  regard  it  as  a  distinct  membrane,  and  it  has  been  named  the  uiteiioi 
elastic  lamiiu  (htnina  tlastiea  anterior;  anterior  limiling  layer;  Bovrntan's  membrane).  It  differs, 
however,  from  the  posterior  elaatic  lamina,  in  presenting  evidence  of  fibrillar  structure,  and  in 
not  having  the  same  tendency  to  curl  inward,  or  to  undei^  fracture,  when  detached  from  the 
other  layers  of  the  cornea.  It  consists  of  extremely  closely  interwoven  fibrils,  similar  to  those 
found  in  the  substantia  propria,  but  contains  no  corneal  corpuscles.  It  may  be  regarded  as  a 
condensed  part  of  the  Eubi^tantia  propria. 

The  postarlor  «Uatic  lamina  (lamina  ehslica  posterior;  membrane  of  Descemet;  membrane  of 
Demours)  covers  the  posterior  surface  of  the  substantia  propria,  and  is  an  elastic,  transparent 
homogeneous  membrane,  of  extreme  Ihinness,  which  is  not  rendered  opaque  by  either  water, 
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alcohol,  or  acids.     When  stripped  from  the  substantia  propria  it  curls  up,  or  rolla  upon  iteeV 
with  the  attached  surface  innermost. 

At  the  margin  of  the  cornea  the  posterior  elastic  lamina  breaks  up  into  fibres  which  form  the 
trabecular  tissue  already  described  (p.  1008);  the  spaces  between  the  trabecule  are  termed  the 
flPK«B  of  th«  MVle  of  tbe  iria  (spaces  of  Ponlana);  they  communicate  with  the  sinus  venosua 
sclera;  and  with  the  anterior  chamber  at  the  filtration  angle,  ^ome  of  the  fibres  of  this  trabecular 
tissue  are  continued  into  the  substance  of  the  iris,  forming  the  pectinate  lifunent  of  the  ina; 
while  others  are  connected  with  the  forepart  of  the  sclera  and  choroid. 

The  endotbeliiim  of  the  anterior  chamber  [endothelium  camerae  anttnorU;  posterior  layer; 
corneal  endothelium)  covers  the  posterior  surface  of  the  elastic  lamina,  is  reflected  on  to  the 
front  of  the  iris,  and  also  hnes  the  spaces  of  the  angle  of  the  iris;  it  consists  of  a  single  stratum 
of  polygonal,  flattened,  nucleated  cells. 

Teasele  and  Ner?ea. — The  cornea  is  a  Don-vascular  structure,  the  capillary  vessels  ending  in 
loops  at  its  circumference.  Lymphatic  vessels  have  not  yet  been  demonstrated  in  it,  but  are 
represented  by  the  channels  in  which  the  bundles  of  nerves  run;  these  channels  are  lined  by  an 
endothelium.  The  nerree  are  numerous  and  are  derived  from  the  ciliary  nerves.  Around  the 
periphery  of  the  cornea  they  form  an  annular  plexus,  from  which  fibres  enter  the  substantia  propria. 
They  lose  their  medullary  sheaths  and  ramify  throughout  its  substance  in  a  delicate  net-work, 
and  their  terminal  filaments  form  a  firm  and  closer  plexus  on  the  surface  of  the  cornea  proper, 
beneath  the  epithelium.  This  is  termed  the  subepithelial  plexus,  and  from  it  fibrils  are  given  off 
which  ramify  between  the  epithelial  cells,  forming  an  intraepithelial  plexus. 

Diaieetion, — In  order  to  separate  the  sclera  and  cornea,  so  as  to  expose  the  second  tunic,  the 
eyeball  should  be  immersed  in  a  small  vessel  of  water  and  held  between  the  finger  and  thumb. 
The  sclera  is  then  carefully  incised,  in  the  equator  of  the  globe,  until  the  choroid  is  exposed.    One 
blade  of  a  pair  of  probe-pointed  scissors  is  now  introduced  through  the  opening  thus  made,  and 
the  sclera  divided  around  its  entire  circumference,  and  removed  in  separate  portions.    The  front 
segment  being  then   drawn   forward,   the 
handle    of  the   scalpel  should  be  pressed 
gently   against    it  at   its   connection  with 
the   iris,    and,    these    being   separated,    a 
quantity  of  perfectly  transparent  fluid  will 
escape;  this  is  the    aqueous  humor.    In 
the  course  of  the  dissection  the  ciliary 
nerves   (Fig.   841)   may   be  seen    lying   in 
the  loose  ceUutar  tissue  between  the  chor- 
oid and  sclera  or  continued   in  delicate 
grooves  on  the  inner  surface  of  the  latter 
membrane. 

The  Vascular  Tunic  {tunica  mscu- 
losa  oculi)  (Figs.  841,  842,  843).— 
The  vascular  tunic  of  the  eye  is 
formed  from  behind  forward  by  the 
choroid,  the  ciliary  body,  and  the  iris. 

The  choroid  invests  the  posterior 
five-sixths  of  the  bulb,  and  extends 
as  far  forward  as  the  ora  serrata  of 
the  retina  ^'iB'heciliarv'  body  connects 
the  choroid  to  the  circumference  of 
the  iris-xThe  iris  is  a  circular  dia- 
phragm behind  the  comea,  and  pre- 
sents near  its  centre  a  rounded  fiq.  ml-thb  choroid  and  ihs.  (EniBTaed.i 
aperture,  the  pupil. 

The  Choroid  (cAon'o/rfra).— The  choroid  is  a  thin,  highly  vascular  membrane,  of 
a  dark  brown  or  chocolate  color,  investing  the  posterior  five-sixths  of  the  globe; 
it  is  pierced  behind  by  the  optic  nerve,  and  in  this  situation  is  firmly  adherent  to 
the  sclera.  It  is  thicker  behind  than  in  front.  Its  outer  surface  is  loosely  connected 
bj'  the  lamina  suprachorioidea  with  the  sclera:  its  inner  surface  is  attached  to  the 
pigmented  layer  of  the  retina. 

Strnetnre. — The  choroid  consists  mainly  of  a  dense  capillary  plexus,  and  of  small  arteries 
and  veins  carrying  blood  to  and  returning  it  from  this  plexus.    On  ila  external  surface  is  a  thin 
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membrane,  the  lunina  anpnchorioidw,  composed  of  delicate  noD-vascular  lameUte — each  lamella 
consisting  of  a  net-work  of  fine  elastic  fibres  among  which  are  branched  p^meat  cella.  The  sps«c 
between  the  lamelUe  are  lined  by  endothelima,  and  open  freely  into  the  perichoroidal  lymph 
apace,  which,  in  its  turn,  communicates  with  the  periscleral  space  by  the  perforations  in  th« 
sclera  through  which  the  veaaela  and  nerves  are  transmitted. 


Internal  to  this  lamina  is  the  dioroid  VlOfn,  consisting  of  two  layers:  an  outer,  composed 
of  small  arteries  and  veins,  with  pigment  cells  interspersed  between  them;  and  an  inner,  consist- 
ing of  a  capillary  plexus.  TheoaterUrer  {lamina  vaacvhsa)  coneiets,  in  part,  of  the  larger  branches 
of  the  short  ciliary  arteries  which  run  forward  between  the  veins,  before  they  bend  inward  to  end 
in  the  capillaries,  but  is  formed  principally  of  veins,  named,  from  their  arrangement,  the  tuim 
TOTticoaaB.  They  converge  to  four  or 
five  equidistant  trunks,  which  pierce  the 
sclera  about  midway  between  the  sclwo- 
comeal  junction  and  the  entrance  of  the 
optic  nerve.  Interspersed  between  the 
vessels  are  dark  star-shaped  pigment 
cells,  theproceeeeeof  which,  communicat- 
ing with  those  of  neighboring  cells,  form 
a  delicate  net-work  or  stroma,  which 
toward  the  inner  surface  of  the  choroid 
loses  its  pigmentary  character.  The 
Inner  layer  Qamina  ckoriocapiUarU)  con- 
sists of  an  exceedingly  fine  capillary 
plexus,  formed  by  the  short  ciliary  vessels; 
the  net-work  ia  closer  and  finw  in  the  pos- 
terior than  in  the  anterior  part  of  the 
choroid.  About  1.2S  cm.  behind  the 
cornea  its  meshes  become  larger,  and  are 
continuous  with  those  of  the  ciliary 
processes.  These  two  laminte  are  con- 
nected by  a  stntom  intennedium  con- 
sisting of  fine  clastic  fibres.    On  the  inner 

F.O.  813.-Th.v«n«  of  the  choroid.     (Enl«,s«l.)  ^^^^^  ^,    ^^^^   ^^^^^^^   choriocapillsris  is 

a  very  thin,  structureless,  or  faintly 
fibrous  membrane,  called  the  lamina  baaalii;  it  is  closely  connected  with  the  stroma  of  the 
choroid,  and  separates  it  from  the  pigmentary  layer  of  the  retina. 

Twetum. — This  name  is  applied  to  the  outer  and  posterior  part  of  the  choroid,  which  in  many 
animals  presents  an  iridescent  appearance. 

Disaectioa.— The  ciliary  body  should  now  be  examined.  It  may  be  exposed,  either  by  detach- 
ing the  iris  from  its  connection  with  the  Ciliaris  muscle,  or  by  making  a  transverse  section  of  the 
globe,  and  examining  il  from  behind. 


TH^  TVXICS  OF  THE  EYE  1023 

The  Ciliary  Body  {corpus  ciliare). — ^The  ciliar>-  body  comprises  the  orbicnlns 
eiUaiis,  the  ciliary  processes,  and  the  Ciliaris  muscle. 

The  orbicnlus  ciliaris  is  a  zone  of  about  4  mm.  in  width,  directly  continuous 
with  the  anterior  part  of  the  choroid;  it  presents  numerous  ridges  arranged  in  a 
radial  manner  (Fig.  844). 


JUlino 

Choroid 


The  ciliary  processes  {processvs  dliares)  are  formed  by  the  inward  folding  of  the 
various  layers  of  the  choroid,  i.  e.,  the  choroid  proper  and  the  lamina  basalis,  and 
are  received  between  corresponding  foldings  of  the  suspensory  ligament  of  the  lens. 
They  are  arranged  in  a  circle,  and  form  a  sort  of  trill  behind  the  iris,  around  the 
margin  of  the  lens  (Fig.  844).  They  vary  from  sixty  to  eighty  in  number,  lie  side 
by  side,  and  may  be  divided  into  large  and  small ;  the  former  are  about  2.5  mm. 
in  length,  and  the  latter,  consisting  of  about  one-third  of  the  entire  number,  are 
situated  in  spaces  between  them,  but  without  regular  arrangement.  They  are 
attached  by  their  peripherj-  to  three  or  four  of  the  ridges  of  the  orbiculus  ciliaris, 
and  are  continuous  with  the  layers  of  the  choroid:  their  opposite  extremities  are 
free  and  rounded,  and  are  directed  toward  the  posterior  chamber  of  the  eyeball  and 
circumference  of  the  lens.  In  front,  they  are  continuous  with  the  peripherj'  of  the 
iris.  Their  posterior  surfaces  are  connected  with  the  suspensorj-  ligament  of  the 
lens. 

Stooctnie. — The  ciliary  processes  (Figs.  845,  846)  are  similar  in  structure  to  the  choroid,  but 

the  vessels  are  lacker,  and  have  chiefly  a  longitudinal  direction.  Their  poBterior  surfaces  are 
covered  by  a  bilaminar  layer  of  black  pigment  cells,  which  is  continued  forward  from  the  retina, 
&iid  is  named  the  pars  clUaria  retinae.  In  the  stroma  oF  the  ciliary  processes  there  are  also  stellate 
pigment  cells,  but  these  are  not  so  numerous  as  ia  the  choroid  itself. 

The  Ciliaris  muscle  (m.  ciliaris;  Bowman's  muscle)  consists  of  unstriped  fibres: 
it  fonns  a  grayish,  semJtransparent,  circular  band,  about  3  mm.  broad,  on  the  outer 
surface  of  the  forepart  of  the  choroid.  It  is  thickest  in  front,  and  consists  of  two 
sets  of  fibres,  meridional  and  circnlar.  The  meridional  fibres,  much  the  more  numer- 
ous, arise  from  the  posterior  margin  of  the  scleral  spur  (page  1019) ;  they  run  back- 
ward, and  are  attached  to  the  ciliarj-  processes  and  orbiculus  ciliaris.  One  bundle, 
according  to  Waldeyer,  is  inserted  into  the  sclera.  The  circular  fibres  are  interna) 
to  the  meridional  ones,  and  in  a  meridional  section  appear  as  a  triangular  zone 
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behind  the  filtration  angle  and  close  to  the  circumference  of  the  iris.  They  are 
well-developed  in  hypermetropic,  but  are  rudimentary  or  absent  in  myopic  ejes. 
The  Ciliaris  muscle  is  the  chief  agent  in  accommodation,  i.  c,  in  adjusting  the 
eye  to  the  vision  of  near  objects.  When  it  contracts  it  draws  forward  the  ciliary 
processes,  relaxes  the  suspensory  ligament  of  the  lens,  and  thus  allows  the  lens 
to  become  more  convex. 

The  Iris.— The  iris  has  received  its  name  from  its  various  colors  in  different 
individuals.  It  is  a  thin,  circular,  contractile  disk,  suspended  in  the  aqueous 
humor  between  the  cornea  and 
lens,  and  perforated  a  little  to 
the  nasal  side  of  its  centre  by  a 
circular  aperture,  the  papil.  By 
its  periphery  it  is  continuous  with 
the  ciliary  body,  and  is  also  con- 
nected with  the  posterior  elastic 
lamina  of  the  cornea  by  means 
of  the  pectinate  ligament;  its 
surfaces  are  flattened,  and  look 
forward  and  backward,  the  ante- 


cili&ry  procenea.  d,  and  psninc  into  the  iris  c. 
f.  The  capilUrj'  net-work  cloae  to  the  pupillwy 
marsLii  of  Uie  irifl. 


Flo.  S4a.— Du«ninnutiD  repmantation  of  tbe  oouna  o( 
the  vewels  in  the  eye.  ,  Koriionte]  ncdoa.     (Leber.)  ArtHin 

a.  Short  posterior  dUsry  uUriea.  h.  Look  poeterior  cilLuy 
ai^ries.  c.  Anterior  ciliuy  reneli.  d.  Posterior  coaiunc- 
Uv«l   vemeb.    d'..  Anterior  poniunetival  veMets.    *.  Centiml 

o^    ri'erve  '  ^"v^bl  of"^e   outer"  otiwth.    *.  Vanicoa 

«hort  poBlerior  mUary  Brleries  lo  Iho  optic  nerve,  (  Anasto- 
moflis  of  choroidal  vesapk  with  tho«  of  obtic  nerve,  in. 
ChoriocapillHria.     n.  Kpijtderal  vesselH.     i>,  Hecurrent  artery 

\'enelB  of  iris.  r.  Veveb  of  ciliHry  procen.  i.  Branch  hum 
dliary  rnuscle  to  vorticoae  vein.    (.  Branch  from  ciUary  muKle 


rior  toward  the  cornea,  the  posterior  toward  the  ciliary  processes  and  lens.  The 
iris  divides  the  space  between  the  lens  and  the  cornea  into  an  anterior  and  a 
posterior  chamber.  The  anterior  chamber  of  the  eye  is  bounded  in  front  b\-  the  pos- 
terior surface  of  the  cornea;  behind  by  the  front  of  the  iris  and  the  central  part  of 
the  lens.  The  posterior  chamber  is  a  narrow  chink  behind  the  peripheral  part  of 
the  iris,  and  in  front  of  the  suspensory  ligament  of  the  lens  and  the  ciliary  pro- 
cesses. In  the  adult  the  two  chambers  communicate  through  the  pupil,  but  in 
the  fetus  up  to  the  seventh  month  they  are  separated  by  the  niembrana  piipillaris. 
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StractDTfl. — The  iris  is  composed  of  the  following  structures: 

1.  In  front  is  a  layer  of  flattened  endotbelial  cells  placed  on  a  delicate  hyaline  basement  mem- 
brane. This  layer  is  continuous  with  the  endothelium  covering  the  posterior  elastic  kunina  of 
the  cornea,  and  ia  Individuals  with  dork-colored  irides  the  cells  contain  pigment  granules. 

2.  The  BtrOBU  {stroma  iridis)  of  the  iris  consists  of  fibres  and  cells.  The  fonner  are  made  up 
of  delicate  bundles  of  fibrous  tissue;  a  few  fibres  at  the  circumference  of  the  iris  have  a  circular 
direction;  but  the  majority  radiate  toward  the  pupil,  forming  by  their  interlacement,  delicate 
meshes,  in  which  the  vessels  and  nerves  are  contained.  Interspersed  between  the  bmidles  of 
connective  tissue  are  numerous  branched  cells  with  fine  processes.  In  dark  eyes  many  of  them 
contain  pigment  granules,  but  in  blue  eyes  and  the  eyes  of  albinos  they  are  unpigmented. 

3.  The  miuaillU'  fibres  are  involuntary,  and  consist  of  circular  and  radiating  fibres.  The 
cirCQl&r  fibres  form  the  Sphincter  pupillac;  they  are  arranged  in  a  narrow  band  about  1  mm.  in 
width  which  smrounds  the  margin  of  the  pupil  toward  the  posterior  surface  of  the  iris;  those 
near  the  free  mai^in  are  closely  aggregated;  those  near  the  periphery  of  the  band  are  somewhat 
separated  and  form  incomplete  circles.  The  radifttmi  fibres  form  the  Dilatator  pupillae;  they 
converge  from  the  circumference  toward  the  centre,  and  blend  with  the  circular  fibres  near  the 
margin  of  the  pupil. 

4.  The  posterior  surface  of  the  iris  is  of  a  deep  purple  tint,  being  covered  by  two  layers  of 
pigmented  columnar  epithelium,  continuous  at  the  periphery  of  the  iris  with  the  pars.ciliaris 
retime.  This  pigmented  epithelium  is  named  the  pais  iridiu  retiuM,  or,  from  the  resemblance 
of  its  color  to  that  of  a  ripe  grape,  the  htm. 

The  color  of  the  iris  is  produced  by  the  reflection  of  light  from  dark  pigment  cells  underlying 
a  translucent  tissue,  and  is  therefore  determined  by  the  amount  of  the  pigment  and  its  distribu- 
tion throughout  the  tejtture  of  the  iris.  The  number  and  the  situation  of  the  pigment  cells  differ 
in  different  irides.  In  the  albino  pigment  is  absent;  in  the  various  shades  of  blue  eyes  the  pigment 
cells  are  confined  to  the  posterior  surface  of  the  iris,  whereas  in  gray,  brown,  and  black  eyes 
pigment  is  found  also  in  the  cells  of  the  stroma  and  in  tbiMe  of  the  endothelium  on  the  front  of 
the  iris. 

4        "  J 


Vessels  and  NerVM.— The  arteries  of  the  iris  are  derived  from  the  long  and  anterior  ciliary 
arteries,  and  from  the  vessels  ot  the  ciliary  processes  (see  p.  650).  Each  of  the  two  long  ciliary 
arteries,  having  reached  the  attached  margin  of  the  iria,  divides  into  an  upper  and  lower  branch ; 
these  anastomose  with  corresponding  branches  from  the  opposite  side  and  thus  encircle  the  iris; 
into  this  vascular  circle  (circuJus  arteriosus  major)  (ho  anterior  ciliary  arteries  pour  their  blood, 
and  from  it  vessels  converge  to  the  free  mai^in  of  the  iris,  and  there  communicate  and  form  a 
second  circle  (circulus  arUriostu  miTior)  (F^.  S4S  and  847). 
66 
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The  nerves  of  the  choroid  and  iris  are  the  long  and  short  ciliary;  the  former  being  branches 
of  the  nasociliuy  nerve,  the  latter  of  the  ciliary  gangUon.  Thc^  pierce  the  sclera  around  the 
entrance  of  the  optic  nra^e,  run  forward  in  the  perichoroidal  space,  and  supply  the  bloodvessels 
of  the  choroid.  After  reaching  the  iris  they  form  a  plexus  around  its  attached  margin;  from  thia 
are  derived  non-meduUated  fibres  which  end  in  the  Sphincter  and  Dilatator  pupillae;  their  exact 
mode  of  termination  has  not  been  ascertained.  Other  fibres  from  the  plexus  end  in  a  neUwork 
on  the  anterior  surface  of  the  iris.  The  fibres  derived  through  the  motor  root  of  the  ciliary  ganglion 
from  the  oculomotor  nerve,  supply  the  Sphincter,  while  those  derived  from  the  sympathetic  supply 
the  Dilatator. 

Membrana  Pupillaris. — In  the  fetus,  the  pupil  is  closed  by  a  delicate  vascular 
membrane,  the  membrana  pnpillaiis,  which  <Iivides  the  space  in  which  the  iris  is 
suspended  into  two  distinct  chambers.  The  vessels  of  this  membrane  are  partly 
derived  from  those  of  the  margin  of  the  iris  and  partly  from  those  of  the  capsule 
of  the  lens;  they  have  a  looped  arrangement,  and  converge  toward  each  other  with- 
out anastomosing.  About  the  sixth  month  the  membrane  begins  to  disappear 
by  absorption  from  the  centre  toward  the  circumference,  and  at  birth  only  a  few 
fragments  are  present;  in  exceptional  cases  it  persists. 


thut  tbe&rtarica. 

Th6  Retina  {tunica  interna). — The  retina  is  a  delicate  nervous  membrane,  upon 
which  the  images  of  external  objects  are  received.  Its  outer  surface  b  in  contact 
with  the  choroid;  its  inner  with  the  hyaloid  membrane  of  the  vitreous  body.  Be- 
hind, it  is  continuous  with  the  optic  nerve;  it  gradually  diminishes  in  thickness 
from  behind  forward,  and  extends  nearly  as  far  as  the  ciliary  body,  where  it  appears 
to  end  in  a  jagged  margin,  the  ora  serrata.  Here  the  nervous  tissues  of  the  retina 
end,  but  a  thin  prolongation  of  the  membrane  extends  forward  over  the  back  of 
the  ciliary  processes  and  iris,  forming  the  pars  ciliaris  retmae  and  pars  iiidica  retinae 
ahead}'  referred  to.  This  forward  prolongation  consists  of  the  pigmentary  layer 
of  the  retina  together  with  a  stratum  of  columnar  epithelium.  The  retina  is  soft, 
semi  transparent,  and  of  a  purple  tint  in  the  fresh  state,  owing  to  the  presence  of  a 
coloring  material  named  rhodopsin  or  visual  purple;  but  it  soon  becomes  clouded, 
opaque,  and  bleached  when  exposed  to  sunlight.  Plxactly  in  the  centre  of  the 
posterior  part  of  the  retina,  corresponding  to  the  axis  of  tJie  eye,  and  at  a  point 
in  which  the  sense  of  vision  is  most  perfect,  is  an  oval  yellowish  area,  the  macula 
lutea;  in  the  macula  is  a  central  depression,  the  fovae  centralis  (Fig.  S4S).  At  the 
fovea  centralis  the  retina  is  exceedingly  thin,  and  the  dark  color  of  the  choroid  is 
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distinctly  seen  through  it.  About  3  mm.  to  the  nasal  side  of  the  macula  lutae 
is  the  entrance  of  the  optic  nerve  (_optw  disk),  the  circumference  of  which  is  slightly 
raised  to  form  an  eminence  (colliculus  nervi  optici)  (Fig.  849);  the  arteria  centralis 
retinae  pierces  the  centre  of  the  disk.  This  is  the  only  part  of  the  surface  of  the 
retina  which  is  insensitive  to  light,  and  it  is  termed  the  bliad  spot. 

Lamina  eribrnia      Collurtaut  nerri  optici 


Pial  ahtai 

git 

Dural, 
Intrrvagin 

Bimdlea  o}  Ceairol  arttry  and 

optic  nerve  vein  o]  Teli?ia 

Fia.  MS.— Tbsi«rmiDilponiaDOltheaplicDerv<sndiUsutnuiMiD>otheexel»ll,iiihariionlalHctiaD.   (Toldt.) 


9  (Figs.  850,  851). — The  retina  consiBts  of  an  outer  pigmented  layer  and  tm  inner 
a  stratum  or  retina  proper. 

The  pdcmented  \mjn  consists  of  a  aingle  atratum  of  cells.  When  viewed  from  the  outer  surface 
these  cells  are  smooth  and  hexagonal  in  shape;  whea  seen  in  section  each  cell  consistB  of  an  outer 
Don-pigmented  part  containing  a  large  oval  nucleus  and  ao  inner 
pigmented  ])artion  which  extends  as  a  series  of  straight  thread- 
like processes  between  the  rods,  this  being  especially  the  case 
when  the  eye  is  exposed  to  light.  In  the  eyes  of  albinos  the  cells 
of  this  layer  are  destitute  of  pigment. 

B«tiiu  Proper. — The  nervous  structures  of  the  retina  proper      ^ 
are  supported  by  a  series  of  non-nervous  or  sustentacular  fibres, 
and,  when  examined  microscopically  by  means  of  sections  made 
perpendicularly  to  the  surface  of  tiie  retina,  are  found  to  con- 
sist of  seven  layers,  named  from  within  outward  as  follows: 

1.  Stratum  opticum. 

2.  GangUonic  layer. 

3.  Inner  plexiform  layer.  \ 

4.  Inner  nuclear  layer,  or  layer  of  inner  granules. 

5.  Outer  plexiform  layer. 

6.  Outer  nuclear  layer,  or  layer  of  outer  granules. 

7.  Layer  of  rods  and  cones. 
1.   The  stratum  Optienm  or  layer  of  nerve  flbras  is  formed  by 

the  expansion  of  the  fibres  of  the  optic  nerve;  it  is  thickest  near 

the  porus  opticus,  gradually  diminishing  toward  the  ora  serrata. 

As  the  nerve  fibres  pass  through  the  lamina  cribrosa  sclerae, 

they  lose  their  medullary  sheaths  and  are  continued  onward 

through  the  choroid  and  retina  as  simple  axis-cylinders.    When     muuor. 

they  reach  the  internal  surface  of  the  retina  they  radiate  from 

their  point  of  entrance  over  this  surface  grouped  in  bundles,  and  in  many  places  arranged  in 

plexuses.    Most  of  the  fibres  are  centripetal,  and  are  the  direct  continuations  of  the  axis-cylinder 

processes  of  the  cells  of  the  ganglionic  layer,  but  a.  few  of  them  are  centrifugal  and  ramify  in  the 

inner  plexiform  and  inner  nuclear  layers,  where  they  end  in  enlarged  e:  ' 
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2.  The  fknclionk  Ujer  consists  of  a  single  layer  of  large  g&nglion  celln,  except  in  the  mamils 
lutea,  where  there  are  Beveral  strata.  The  cells  are  somewhat  flaak-ahaped;  the  rouoded  interosl 
surface  of  each  resting  on  the  stratum  opticum,  and  sending  off  od  axon  which  is  prolonged  into 
it.  From  the  opposite  end  numerous  dendrites  extend  into  the  inner  plexiform  layer,  where 
they  branch  and  form  f1att«aed  arborizations  at  different  levels.  The  ganglion  cells  vary  much 
in  size,  and  the  dendrites  of  the  smaller  ones  as  a  rule  arborize  in  the  inner  plexiform  layer  as  soon 
as  they  enter  it;  while  those  of  the  lai^r  cells  ramify  close  to  the  inner  nuclear  layer. 

3.  The  inner  plazUaim  la^ei  is  made  up  of  a  dense  reticulum  of  minute  fibrils  formed  by  the 
interlacement  of  the  dendrites  of  the  gangUon  cells  with  those  of  the  cells  of  the  inner  nuclear 
layer;  within  this  reticulum  a  few  branched  spongioblasts  are  sometimes  imbedded. 

4.  The  inner  nuclear  layer  or  layer  of  inner  cranuleg  is  made  up  of  a  number  of  closely  packed 
cells,  of  which  there  are  three  varieties,  viz.:    bipolar  cells,  horizontal  cells,  and  amacrine  celb. 


J/embraiia 


lanfr  plrxifoni 
hycr 

Ce  nlrifugal  fibre 


Fibn  0/  ifOlUT 
Outer  ptexi/orm 


ifembrana 
Layer  of  roda 


Horitortlat  citl 
Rod  grantdta 
Cone  granidti 


The  bqmlu  celll,  by  far  the  most  numerous,  are  round  or  oval  in  shape,  and  each  is  prolonnfd 
into  an  inner  and  an  outer  process.  They  are  divisible  into  rod  bipolars  and  cone  bipolars.  Thf 
inner  processes  of  the  rod  bipolui  run  through  the  inner  plexiform  layer  and  arborize  around 
the  bodies  of  the  cells  of  the  ganglionic  layer;  their  outer  processes  end  in  the  outer  pleidfenn 
layer  in  tufts  of  fibrils  around  the  button-like  ends  of  the  inner  processes  of  the  rod  granuiec- 
The  inner  processes  of  the  cone  l^olua  ramify  in  the  inner  plexiform  layer  in  contact  with  the 
dendrites  of  the  ganglionic  cells. 

The  horiiontal  celU  lie  in  the  outer  part  of  the  inner  nuclear  layer  and  possess  someHhal 
flattened  cell  bodies.  Their  dendrites  divide  into  numerous  branches  in  the  outer  plexifonn 
layer,  while  their  axons  run  horizontally  for  some  distance  and  finally  ramify  in  the  same  layCT, 

The  anuerine  cells  are  placed  in  the  inner  part  of  the  inner  nuclear  layer,  and  are  so  named 
because  they  have  not  yet  been  shown  to  possess  axis-cylintier  processes.  Their  dendrites  underpi 
extensive  ramification  in  the  inner  plexiform  layer. 

5.  The  outer  plexiform  brer  is  much  thinner  than  the  inner;  but,  like  it,  consists  of  a  dense 
net -work  of  minute  fibrib  derived  from  the  processes  of  the  horizontal  cells  of  the  preceding  layer, 
and  the  outer  processes  of  the  rod  and  cone  bipolar  granules,  which  ramify  in  it,  forming  arbori»- 
tions  around  the  enlarged  ends  of  the  rod  fibres  and  with  the  branched  foot  plates  of  the  cone 

6.  The  outer  nuclear  layer  or  layer  of  outer  gruinlei,  hke  the  inner  nuclear  layer,  contains 
several  strata  of  oval  nuclear  bodies;  they  are  of  two  kinds,  viz.:     rod  and  cone  granules.  9o 
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named  on  account  of  their  being  respectively  connected  with  the  rods  and  cones  of  the  next  layer. 
Ttie  rod  granules  are  much  the  more  numerous,  and  are  placed  at  different  levels  throughout 
the  layer.  Their  nuclei  present  a  pecuhar  cross-striped  appearance,  and  prolonged  from  either 
extremity  of  each  cell  is  a  fine  process;  the  outer  process  is  continuous  with  a  single  rod  of  the 
layer  of  rods  and  cones;  the  inner  ends  in  the  outer  plexiform  layer  in  an  enlarged  extremity,  and 
is  imbedded  in  the  tuft  into  which  the  outer  processes  of  the  rod  bipolar  cells  break  up.  In  its 
course  it  presents  numerous  varicosities.  The  cone  grannies,  fewer  in  number  than  the  rod 
granules,  are  placed  close  to  the  membrane  limitans  externa,  through  which  they  are  continuous 
with  the  cones  of  the  layer  of  rods  and  cones.  They  do  not  present  any  cross-striation,  but  con- 
tain a  pyriform  nucleus,  which  almost  completely  fills  the  cell.  From  the  inner  extremity  of  the 
granule  a  thick  process  passes  into  the  outer  plexiform  layer,  and  there  expands  into  a  pyramidal 
enlargement  or  foot  plate,  from  which  are  given  off  numerous  fine  fibrils,  that  come  in  contact 
with  the  outer  processes  of  the  cone  bipolars. 

7.  The  Layer  of  Bods  and  Cones  {Jacobus  membrane). — The  elements  composing  this  layer  are 
of  two  kinds,  rods  and  cones,  the  former  being  much  more  numerous  than  the  latter  except  in 
the  macula  lutea.  The  rods  are  cyUndrical,  of  nearly  uniform  thickness,  and  are  arranged  per- 
pendicularly to  the  surface.  Each  rod  consists  of  two  segments,  an  outer  and  inner,  of  about 
equal  lengths.  The  segments  differ  from  each  other  as  regards  refraction  and  in  their  behavior 
toward  coloring  reagents;  the  inner  segment  is  stained  by  carmine,  iodine,  etc.;  the  outer  segment 
is  not  stained  by  these  reagents,  but  is  colored  yellowish  brown  by  osmic  acid.  The  outer  segment 
is  marked  by  transverse  stride,  and  tends  to  break  up  into  a  number  of  thin  disks  superimposed 
on  one  another;  it  also  exhibits  faint  longitudinal  markings.  The  deeper  part  of  the  inner  seg- 
m'ent  is  indistinctly  granular;  its  more  superficial  part  presents  a  longitudinal  striation,  being 
composed  of  fine,  bright,  highly  refracting  fibrils.  The  visual  purple  or  rhodopsin  is  found  only 
in  the  outer  segments. 

The  cones  are  conical  or  flask-shaped,  their  broad  ends  resting  upon  the  membrana  limitans 
externa,  the  narrow-pointed  extremity  being  turned  to  the  choroid.  Like  the  rods,  each  is  made 
up  of  two  segments,  outer  and  inner;  the  outer  segment  is  a  short  conical  process,  which,  like 
the  outer  segment  of  the  rod,  exhibits  transverse  strise.  The  inner  segment  resembles  the  inner 
segment  of  the  rods  in  structure,  presenting  a  superficial  striated  and  deep  granular  part,  but 
diff'ers  from  it  in  size  and  shape,  being  bulged  out  laterally  and  flask-shaped.  The  chemical 
and  optical  characters  of  the  two  portions  are  identical  with  those  of  the  rods. 

Supporting  Frame-work  of  the  Betina. — The  nervous  layers  of  the  retina  are  connected  together 
by  a  supporting  frame-work,  formed  by  the  sustentacular  fibres  of  MiiUer;  these  fibres  pass 
through  all  the  nervous  layers',  except  that  of  the  rods  and  cones.  Each  begins  on  the  inner  surJface 
of  the  retina  by  an  expanded,  often  forked  base,  which  sometimes  contains  a  spheroidal  body 
staining  deeply  with  hematoxylin,  the  edges  of  the  bases  of  adjoining  fibres  being  united  to  form 
the  membrana  limitans  interna.  As  the  fibres  pass  through  the  nerve  fibre  and  ganglionic  layers 
they  give  off  a  few  lateral  branches;  in  the  inner  nuclear  layer  they  give  off  numerous  lateral 
processes  for  the  support  of  the  bipolar  ceUs,  while  in  the  outer  nuclear  layer  they  form  a  net- 
work around  the  rod-  and  cone-fibrils,  and  unite  to  form  the  external  limiting  membrane  at  the 
bases  of  the  rods  and  cones.  At  the  level  of  the  inner  nuclear  layer  each  sustentacular  fibre 
contains  a  clear  oval  nucleus. 

Macula  Lntea  and  Fovea  Centralis. — In  the  macula  lutea  the  nerve  fibres  are  wanting  as  a 
continuous  layer,  the  ganglionic  layer  consists  of  several  strata  of  ceUs,  there  are  no  rods,  but 
only  cones,  which  are  longer  and  narrower  than  in  other  parts,  and  in  the  outer  nuclear  layer 
there  are  only  cone-granules,  the  processes  of  which  are  very  long  and  arranged  in  curved  lines. 
In  the  fovea  centralis  the  only  parts  present  are  (1)  the  cones;  (2)  the  outer  nuclear  layer,  the 
cone-fibres  of  which  are  almost  horizontal  in  direction;  (3)  an  exceedingly  thin  inner  plexiform 
layer.  The  pigmented  layer  is  thicker  and  its  pigment  more  pronounced  than  elsewhere.  The 
color  of  the  macula  seems  to  imbue  all  the  layers  except  that  of  the  rods  and  cones;  it  is  of  a  rich 
yellow,  deepest  toward  the  centre  of  the  macula,  and  does  not  appear  to  be  due  to  pigment  cells, 
but  simply  to  a  staining  of  the  constituent  parts. 

At  the  ora  serrata  the  nervous  layers  of  the  retina  end  abruptly,  and  the  retina  is  continued 
onward  as  a  single  layer  of  columnar  cells  covered  by  the  pigmented  layer.  This  double  layer  is 
known  as  the  pars  ciharis  retinae,  and  can  be  traced  forward  from  the  ciliary  processes  on  to  the 
back  of  the  iris,  where  it  is  termed  the  pars  iridica  retinae  or  nvea. 

The  arteria  centralis  retinae  (Fig.  848)  and  its  accompanying  vein  pierce  the  optic  nerve,  and 
enter  the  bulb  of  the  eye  through  the  porus  opticus.  The  artery  immediately  bifurcates  into 
an  upper  and  a  lower  branch,  and  each  of  these  again  divides  into  a  medial  or  nasal  and  a  lateral 
or  temporal  branch,  which  at  first  run  between  the  hyaloid  membrane  and  the  nervous  layer; 
but  they  soon  enter  the  latter,  and  pass  forward,  dividing  dichotomously.  From  these  branches 
a  minute  capillary  plexus  is  given  off,  which  does  not  extend  beyond  the  inner  nuclear  layer. 
The  macula  receives  two  small  branches  (superior  and  inferior  macular  arteries)  from  the  tem- 
poral branches  and  small  twigs  directly  from  the  central  artery;  these  do  not,  however,  reach 
as  far  as  the  fovea  centralis,  which  has  no  bloodvessels.    The  branches  of  the  arteria  centrahs 
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retinae  do  not  anajstomose  with  each  other — in  other  words  they  are  terminal  arteries.  In  the 
fetus,  a  small  vessel,  the  arteria  hyaloidea,  passes  forward  as  a  continuation  of  the  arteria  centralis 
retinae  through  the  vitreous  humor  to  the  posterior  surface  of  the  capsule  of  the  lens. 

The  Refracting  Media. 

The  refracting  media  are  three,  viz. : 

Aqueous  humor.  Vitreous  body.  Crystalline  lens. 

The  Aqueous  Humor  (humor  aqueus). — ^The  aqueous  humor  fills  the  anterior 
and  posterior  chambers  of  the  eyeball.  It  is  small  in  quantity,  has  an  alkaline 
reaction,  and  consists  mainly  of  water,  less  than  one-fiftieth  of  its  weight  being 
solid  matter,  chiefly  chloride  of  sodium. 

The  Vitreous  Body  (corpus  mtreum), — ^The  vitreous  body  forms  about  four- 
fifths  of  the  bulb  of  the  eye.  It  fills  the  concavity  of  the  retina,  and  is  hollowed 
in  front,  forming  a  deep  concavity,  the  hyaloid  fossa,  for  the  reception  of  the  lens. 
It  is  transparent,  of  the  consistence  of  thin  jelly,  and  is  composed  of  an  albuminous 
fluid  enclosed  in  a  delicate  transparent  membrane,  the  hyaloid  membrane.  It  has 
been  supposed,  by  Hannover,  that  from  its  surface  numerous  thin  lamellse  are 
prolonged  inward  in  a  radiating  manner,  forming  spaces  in  which  the  fluid  is  con- 
tained. In  the  adult,  these  lamellae  cannot  be  detected  even  after  careful  micro- 
scopic examination  in  the  fresh  state,  but  in  preparations  hardened  in  weak  chromic 
acid  it  is  possible  to  make  out  a  distinct  lamellation  at  the  peripherj'^  of  the  body. 
In  the  centre  of  the  vitreous  body,  running  from  the  entrance  of  the  optic  nerve 
to  the  posterior  surface  of  the  lens,  is  a  canal,  the  hyaloid  canal,  filled  with  lymph 
and  lined  by  a  prolongation  of  the  hyaloid  membrane.  This  canal,  in  the  embryonic 
vitreous  body,  conveyed  the  arteria  hyaloidea  from  the  central  artery  of  the  retina 
to  the  back  of  the  lens.  The  fluid  from  the  vitreous  body  is  nearly  pure-water;  it 
contains,  however,  some  salts,  and  a  little  albumin. 

The  hyaloid  membrane  envelopes  the  vitreous  body.  The  portion  in  front  of  the 
ora  serrata  is  thickened  by  the  accession  of  radial  fibres  and  is  termed  the  loniiU 
ciliaris  (zonule  of  Zinn).  Here  it  presents  a  series  of  radially  arranged  furrows, 
in  which  the  ciliary  processes  are  accommodated  and  to  which  they  adhere,  as  is 
shown  by  the  fact  that  when  they  are  removed  some  of  their  pigment  remains 
attached  to  the  zonula.  The  zonula  ciliaris  splits  into  two  layers,  one  of  which 
is  thin  and  lines  the  hyaloid  fossa;  the  other  is  named  the  suspensory  lii^ament 
of  the  lens:  it  is  thicker,  and  passes  over  the  ciliary  body  to  be  attached  to  the  cap- 
sule of  the  lens  a  short  distance  in  front  of  its  equator.  Scattered  and  delicate 
fibres  are  also  attached  to  the  region  of  the  equator  itself.  This  ligament  retains 
the  lens  in  position,  and  is  relaxed  by  the  contraction  of  the  meridional  fibres  of 
the  Ciliaris  muscle,  so  that  the  lens  is  allowed  to  become  more  convex.  Behind 
the  suspensory  ligament  there  is  a  sacculated  canal,  the  spatia  aonularis  (caruil 
of  Petit) y  which  encircles  the  equator  of  the  lens;  it  can  be  easily  inflated  through 
a  fine  blowpipe  inserted  under  the  suspensory  ligament. 

No  bloodvessels  penetrate  the  vitreous  body,  so  that  its  nutrition  must  be  carried 
on  by  vessels  of  the  retina  and  ciliary  processes,  situated  upon  its  exterior. 

The  Crystalline  Lens  (lens  crysiallina) . — The  crystalline  lens,  enclosed  in  its 
capsule,  is  situated  immediately  behind  the  iris,  in  front  of  the  vitreous  body, 
and  encircled  by  the  ciliary  processes,  which  slightly  overlap  its  margin. 

The  capsule  of  the  lens  (capsula  lentis)  is  a  transparent,  structureless  membrane 
which  closely  surrounds  the  lens,  and  is  thicker  in  front  than  behind.  It  is  brittle 
but  highly  elastic,  and  when  ruptured  the  edges  roll  up  with  the  outer  surface 
innermost.  It  rests,  behind,  in  the  hyaloid  fossa  in  the  forepart  of  the  vitreous 
body;  in  front,  it  is  in  contact  with  the  free  border  of  the  iris,  but  recedes  from  it 
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at  the  circumference,  thus  forming  the  posterior  chamber  of  the  eye;  it  is  retained 
in  its  position  chiefly  by  the  suspensorj-  ligament  of  the  lens,  already  described. 

The  lena  is  a  transparent,  biconvex  body,  the  convexity  of  its  anterior  being 
less  than  that  of  its  posterior  surface.  The  central  points  of  these  surfaces  are 
termed  respectively  the  ulterior  and  posterior  poles;  a  line  connecting  the  poles 
constitutes  the  axis  of  the  lens,  while  the  marginal  circumference  is  termed  the 
eqnatw. 

Stnutnre. — The  lens  ia  made  up  of  soft  cortical  aubatance  aod  a  firm,  ceDtral  part,  the  nnclens 
(Fig.  852).  Faint  linee  (radii  lenti»)  radiate  from  the  poles  to  the  equator.  In  the  adult  there 
may  be  sii  or  more  of  these  lines,  but  in  the  fetus  they  are  only 
three  in  number  and  diverge  from  each  other  at  anglea  of  120° 
(Fig.  853);  on  the  anterior  surface  one  line  ascenda  vertically 
and  the  other  two  diverge  downward ;  on  the  posterior  sur- 
face one  ray  descends  vertically  and  the  other  two  diverge 

upward.    They  correspond  with  the  free  edges  of  an  equal  '  ^  • 

number  of  septa  composed  of  an  amorphous  substance,  which 
dip  into  the  substance  of  the  lens.  When  the  lena  has  been 
hardened  it  ia  aeen  to  consiat  of  a  series  of  concentrically 
arranged  lamince,  each  of  which  is  interrupted  at  the  septa 
referred  to.  Each  lamina  is  built  up  of  a  number  of  hexagonal, 
ribbon-like  lena  fibres,  the  et^es  of  which  are  more  or  less  ser- 
rated—the serrations  fitting  between  those  of  neighboring  fiq.  s5Z.— The  crvnallinc  tens,  hard- 
fibres,  while  the  ends  of  the  fibres  come  into  apposition  at  ™«1  "d  divid«i.  (Enl»i»»d.) 
the  septa.    The  fibres  run  in  a  curved  manner  from  the  septa 

on  the  anterior  surface  to  those  on  the  posterior  surface.  No  fibres  pass  from  pole  to  pole; 
they  are  arranged  in  such  a  way  that  those  which  begin  near  the  pole  on  one  surface  t^  the 
lens  end  near  the  peripheral  extremity  of  the  plane  on  the  other,  and  vice  veria.  The  fibres  of 
the  outer  layers  of  the  lens  are  nucleated,  and  together  form  a  nuclear  layer,  most  distinct 
-  toward  the  equator.  The  anterior  surface  of  the  lens  is  covered  by  a  layer  of  transparent, 
columnar,  nucleated  epithelium.  At  the  equator  the  cells  become  elongated,  and  their  gradual 
tranaition  into  lena  fibres  can  be  traced  CFig.  855). 


In  the  fetoa,  the  lena  is  nearly  ephericalj  and  has  a  slightly  reddish  tint;  it  is  soft  and  breaks 
down  readily  on  the  sUghtest  pressure.  A  small  branch  from  the  arteria  centralis  retinae  runs 
forward,  aa  already  mentioned,  throt^  the  vitreous  body  to  the  posterior  part  of  the  capsule 
of  the  lens,  where  its  branches  radiate  and  form  a  plexiform  network,  which  covers  the  posterior 
surface  of  the  capsule,  and  they  are  continuous  around  the  margin  of  the  capsule  with  the  vessels 
of  the  pupillary  membrane,  and  with  those  of  the  iris.  In  the  adnlt,  the  lens  ia  colorleea,  trana- 
parent,  firm  in  texture,  and  devoid  of  veasela.  In  old  age  it  becomes  flattened  on  both  surfaces, 
el^htly  opaque,  of  an  amber  tint,  and  increased  in  density  (Fig.  854). 

Veuell  And  Herrea. — The  arteries  of  the  bulb  of  the  eye  are  the  long,  short,  and  anterior 
ciliary  arteries,  and  the  arteria  centralis  retinse.    They  have  already  been  described  (see  p.  650). 

The  eOiaiy  reiiis  are  seen  on  the  outer  surface  of  the  choroid,  and  are  named,  from  their  arrange- 
ment,  the  venae  voriicoBae;  they  converge  to  four  or  five  equidistant  trunks  which  pierce  the 
sclera  midway  between  the  sclerocomeal  junction  and  the  poms  opticus.  Another  set  of  veins 
accompanies  the  anterior  ciliary  arteries.    All  of  these  veins  open  into  the  ophthalmic  veins. 

The  eiliary  nerrea  are  derived  from  the  nasociliary  nerve  and  from  the  ciliary  g^ghon. 

Applied  AnAtomy. — From  a  aurgical  point  of  view  the  comea  may  be  regarded  aa  conaisting 
of  three  layera:  (1)  an  external  epithelial  layer,  developed  from  the  ectoderm,  and  continuous 
ndth  the  epithelial  covering  of  the  rettt  of  the  body,  so  that  its  leaions  resemble  those  of  the  epi- 
dermis; (2)  the  comea  proper,  derived  from  the  mesoderm,  and  associated  in  its  diaeaaea  with 
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the  fibrovascular  structures  of  the  body;  and  (3)  the  posterior  elastic  lamina  with  its  endothe- 
lium, also  derived  from  the  mesoderm  and  having  the  characters  of  a  serous  membrane,  so  that 
inflammation  of  it  resembles  inflammation  of  the  serous  and  synovial  membranes  of  the  body. 

The  cornea  contains  no  bloodvessels  except  at  its  periphery, 
where  numerous  delicate  loops,  derived  from  the  anterior 
ciliary  arteries,  may  be  demonstrated  on  its  anterior  surface. 
The  rest  of  the  cornea  is  nourished  by  lymph,  which  gains 
access  to  the  proper  substance  of  the  cornea  and  the  posterior 
layer  through  the  spaces  of  the  angle  of  the  iris.  This  lack 
of  a  direct  blood  supply  renders  the  cornea  very  apt  to 
inflame  in  the  cachectic  and  ill-nourished.  In  cases  of  grantdar 
lidSf  there  is  a  peculiar  affection  of  the  cornea,  called  pannuSf 
in  which  the  anterior  layers  of  the  cornea  become  vascular- 
ized, and  a  rich  net-work  of  bloodvessels  may  be  seen  upon  it; 
and  in  interstitial  keratitis  new  vessels  extend  into  the  cornea, 
giving  it  a  pinkish  hue  to  which  the  term  ''salmon  patch' ' 
is  applied.  In  cases  of  glaucoma  the  ciliary  nerves  may  be 
pressed  upon  as  they  course  between  the  choroid  and  sclera, 
and  the  cornea  becomes  anesthetic. 

The  sclera  has  very  few  bloodvessels  and  nerves.  As  the 
bloodvessels  approach  the  corneal  margin  the  arrangement  is 
peculiar.  Some  branches  pass  through  the  sclera  to  the  ciliary 
body;  others  become  superficial  and  lie  in  the  episcleral 
tissue,  and  form  arches,  by  anastomosing  with  each  other 
some  little  distance  behind  the  corneal  margin.  From  these 
arches  numerous  straight  vessels  are  given  off,  which  run 
forward  to  the  cornea,  forming  its  marginal  plexus.  In 
inflammation  of  the  sclera  and  episcleral  tissue  these  vessels 
become  conspicuous,  and  form  a  pinkish  zone  of  straight 
vessels  radiating  from  the  corneal  margin,  conunonly  known 
as  the  zone  of  ciliary  injection.  In  inflammation  of  the  irb 
and  ciliary  body  this  zone  is  present,  since  the  sclera  speedily 
becomes  involved  when  these  structures  are  inflamed.  But 
in  inflammation  of  the  cornea  the  sclera  is  seldom  much 
affected,  though  the  two  are  structurally  continuous.  This 
would  appear  to  be  due  to  the  fact,  that  the  nutrition  of  the 
cornea  is  derived  from  a  different  source  than  that  of  the 
sclera.  The  sclera  may  be  ruptured  without  any  laceration 
of  the  conjunctiva,  and  the  rupture  usually  occurs  near  the 
corneal  margin.  It  may  be  complicated  with  lesions  of 
adjacent  parts — laceration  of  the  choroid,  retina,  iris,  or 
suspensory  ligament  of  the  lens — and  is  then  often  attended 
with  hemorrhage  into  the  anterior  chamber,  which  masks 
the  nature  of  the  injury.  In  some  cases  the  lens  has  escaped 
through  the  rent  in  the  sclera  and  has  been  found  under  the 
conjunctiva.  Wounds  of  the  sclera  are  always  dangerous, 
and  are  often  followed  by  inflanmiation,  suppuration,  and  by 
sympathetic  ophthalmia. 
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FiQ.  854. — Profile  views  of  the  lens  at  different  periods  of  life. 
1.  In  the  fetus.     2.  In  adult  life.     3.  In  old  age. 


FiQ.  855. — Section  through  the  margin 
of  the  lens,  showing  the  transition  of 
the  epithelium  into  the  lens  fibres. 
(Babuchin.) 


One  of  the  functions  of  the  choroid  is  to  provide  nutrition  for  the  retina,  and  to  convey  vessels 
and  nerv'es  to  the  ciliary  body  and  iris.  Inflammation  of  the  choroid  is  therefore  followed  by 
grave  disturbances  in  the  nutrition  of  the  retina,  and  is  attended  with  early  interference  "fdih 
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vision.  Its  diseases  bear  a  considerable  analogy  to  those  which  affect  the  skin,  and  it  is  one  of 
the  places  from  which  melanotic  sarcomata  may  grow.  These  tumors  contain  a  large  amount 
of  pigment  in  their  cells,  and  originate  only  in  those  parts  where  pigment  is  naturally  present. 

The  iris  may  be  absent,  either  in  part  or  altogether  as  a  congenital  condition,  and  in  some 
instances  the  pupillary  membrane  may  remain  persistent,  though  it  is  rarely  complete.  Again, 
the  iris  may  be  the  seat  of  a  malformation,  termed  colohoma,  which  consists  in  a  deficiency  or 
cleft,  clearly  due  in  a  great  number  of  cases  to  an  arrest  in  development.  In  these  cases  the 
cleft  is  found  at  the  lower  aspect,  extending  directly  downward  from  the  pupil,  and  the  gap 
frequently  extends  through  the  choroid  to  the  porus  opticus.  In  some  rarer  cases  the  gap  is 
found  in  other  parts  of  the  iris,  and  is  not  then  associated  with  any  deficiency  of  the  choroid. 
Wounds  of  the  iris,  especially  if  complicated  w^ith  injury  to  the  ciliary  body,  may  be  followed 
by  serious  consequences.  If  septic  matter  is  introduced,  and  a  suppurative  inflammation  is 
set  up,  complete  loss  of  vision  may  result;  and,  what  is  perhaps  of  greater  consequence,  similar 
inflammatory  changes  may  be  set  up  in  the  sound  eye,  from  spreading  of  the  infective  process- 
through  the  connective  tissue  surrounding  the  optic  nerve  to  the  chiasma,  and  thence  along  the 
opposite  nerve  to  the  sound  eye.  The  iris  is  abundantly  supplied  with  bloodvessels  and  nerves, 
and  is  very  prone  to  become  inflamed,  and  when  inflamed,  in  consequence  of  the  intimate  rela- 
tionship which  exists  between  the  vessels  of  the  iris  and  choroid,  this  latter  tunic  is  very  liable 
to  participate  in  the  inflammation.  The  iris  is  covered  with, epithelium,  and  partakes  of  the 
character  of  a  serous  membrane,  and,  like  these  structures,  is  apt  to  pour  out  a  plastic  exudation, 
when  inflamed,  and  contract  adhesions,  either  to  the  cornea  in  front  {synechia  anterior)  y  or  to 
the  capsule  of  the  lens  behind  (synechia  posterior).  In  iritis  the  lens  may  become  involved,  and 
the  condition  known  as  secondary  cataract  may  be  set  up.  Tumors  occasionally  commence  in 
the  iris;  of  these,  cysts,  which  are  usually  congenital,  and  sarcomatous  tumors,  are  the  most 
common.  Gummata  are  not  infrequently  found  in  this  situation.  In  some  forms  of  injury 
of  the  eyeball,  as  from  the  impact  of  a  spent  shot,  the  rebound  of  a  twig,  or  a  blow  with  a  whip, 
the  iris  may  be  detached  from  the  Ciliaris  muscle. 

The  retina,  with  the  exception  of  its  pigment  layer  and  its  vessels,  is  perfectly  transparent 
when  examined  by  the  ophthalmoscope,  so  that  its  diseased  conditions  are  recognized  by  its 
loss  of  transparency.  In  retinitis,  for  instance,  there  is  more  or  less  dense  and  extensive  opacity 
of  its  structure,  and  not  infrequently  extravasations  of  blood  into  its  substance.  Hemorrhages 
may  also  take  place  into  the  retina,  from  rupture  of  a  bloodvessel  without  inflammation.  The 
retina  may  become  displaced  from  effusion  of  serum  between  it  and  the  choroid,  or  by  blows 
on  the  eyeball,  or  may  occur  without  apparent  cause  in  progressive  myopia,  and  in  this  case 
the  ophthalmoscope  shows  an  opaque,  tremulous  cloud.  Glioma,  a  form  of  sarcoma,  is  occa- 
sionally met  with  in  connection  with  the  retina. 

The  lens  has  no  bloodvessels,  nerves,  or  connective  tissue  in  its  structure,  and  therefore  is  not 
subject  to  those  morbid  changes  to  which  tissues  containing  these  structures  are  liable.  It  does, 
however,  present  certain  morbid  or  abnormal  conditions  of  various  kinds.  Thus,  variations  in 
shape,  and  displacements,  are  among  its  congenital  defects.  Opacities  may  occur  from  injury, 
senile  changes,  or  malnutrition.  These  opacities  give  rise  to  cataract,  of  which  the  senile  variety, 
is  the  most  common.  They  vary  as  to  the  part  of  the  lens  in  which  the  opacity  commences 
and  are  classified  accordingly,  as  nuclear,  cortical,  lamellar,  anterior,  and  posterior  polar.  Senile 
changes  may  take  place  in  the  lens,  impairing  its  elasticity  and  rendering  it  harder  than  in  youth, 
so  that  it  loses  its  power  of  altering  its  curvature  to  suit  the  requirements  of  near  vision.  This 
condition  is  known  as  presbyopia.  And,  finally,  the  lens  may  be  dislocated  or  displaced  by  blows 
upon  the  eyeball;  and  its  relations  to  surrounding  structures  altered  by  adhesions  or  the  pressure 
of  new  growths. 

There  are  two  particular  regions  of  the  eye  which  require  special  notice:  one  of  these  is  known 
as  the  "filtration  angle,"  and  the  other  as  the  "dangerous  area."  The  filtration  angle  is  the  cir- 
cumcomeal  zone  immediately  in  front  of  the  iris.  Here  are  situated  the  spaces  of  the  angle  of 
the  iris,  which  commimicate  with  the  sinus  venosus  sclerae  through  which  the  chief  transudation 
of  fluid  from  the  eye  is  believed  to  take  place.  If  any  obstruction  to  this  transudation  occur, 
increased  intra-ocular  tension  is  set  up,  and  the  disease  known  as  glaucoma  results.  The  dangerous 
area  of  the  eye  is  the  region  in  the  neighborhood  of  the  ciliary  body,  and  wounds  or  injuries  in 
this  situation  are  peculiarly  dangerous;  for  inflammation  of  the  ciliary  body  is  apt  to  spread  to 
many  of  the  other  structures  of  the  eye,  especially  to  the  iris  and  choroid,  which  are  intimately 
connected  with  it  by  nervous  and  vascular  supplies. 
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Tbe  AecessoiT  Organs  of  the  Eye  (Oigaiia  Oculi  Accessoria). 

The  accessory  organs  of  the  eye  include  the  ocular  moaclfls,  the  tucin,  the  eye- 
brows, the  eyelids,  the  c<mjanctiTa,  and  the  lacrimal  apparatus. 

The  Ocular  Mmcles  (musculi  ocuH). — The  ocular  muscles  are  the: 

Levator  palpebrae  superioris.  Rectus  medJalis. 

Rectus  superior.  Rectus  lateralis. 

Rectus  inferior,  ObHquus  superior. 

Obliquus  inferior. 

DiasMtton. — To  open  the  cavity  ot  tbe  orbit,  remove  the  Bkull-cap  and  bram;  then  saw  through 
the  frontal  bone  at  the  inner  extremity  of  the  eupraortiital  ridge,  and  externally  at  its  juDction 
with  the  Eygomatic  bone.  Break  in  pieces  the  thin  roof  of  the  orbit  by  a  few  slight  blows  of  the 
hammer,  and  take  it  away;  drive  forward  the  superciliary  portion  of  the  frontal  bone  by  a  smut 
stroke,  but  do  not  remove  it,  as  that  would  destroy  the  pulley  of  the  Obliquus  superior.  Whoi 
tbe  fragments  are  cleared  away,  the  periosteum  of  the  orbit  will  be  exposed;  this  being  removed, 
together  with  the  fat  which  fills  the  cavity  ot  the  orbit,  the  several  muscles  of  this  region  can 
be  examined.  The  dissection  will  be  facilitated  by  distending  the  globe  of  the  eye.  In  order 
to  eSect  this,  puncture  the  optic  nerve  near  the  eyeball  with  a  curved  needle,  and  push  the 
needle  onward  into  the  globe;  insert  the  point  of  a  blowpipe  through  this  aperture,  and  force  a 
little  air  into  tbe  cavity  ot  the  eyeball;  then  apply  a  ligature  around  the  nerve  so  aa  to  prevent 
the  air  escaping.    The  globe  being  now  drawn  forward,  the  muscles  will  be  put  upon  the  stretch. 

Ttadm  K^OUffuiM  mptrior 


"hbicTiians  oculi 

!uferior  tar»as 
'Jpper  ft/did 


The  Levator  palpebrae  saperioris  (Fig.  856)  is  thin,  flat,  and  triangular  in  shape. 
It  ames  from  the  under  surface  of  the  small  wing  of  the  sphenoid,  above  and  in 
front  of  the  optic  foramen,  from  which  it  is  separated  by  the  origin  of  the  Rectus 
superior.  At  its  origin,  it  is  narrow  and  tendinous,  but  soon  becomes  broad  and 
fleshy,  and  ends  anteriorly  in  a  wide  aponeurosis  which  splits  into  three  lamelJs. 
The  superficial  lamella  blends  with  the  upper  part  of  the  orbital  septum,  and  is  pro- 
longed forward  above  the  superior  tarsus  to  the  palpebral  part  of  the  Orbicularis 
oculi,  and  to  the  deep  surface  of  the  skin  of  the  upper  eyelid.  The  middle  lamella, 
largely  made  up  of  non-striped  muscular  fibres,  is  inserted  into  the  upper  margin 
of  the  superior  tarsus,  while  the  deepest  lamella  blends  with  an  expansion  from 
the  sheath  of  the  Rectus  superior  aiid  with  it  is  attached  to  the  superior  fornix 
of  the  conjunctiva. 
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WhitnaU'  baa  pointed  out  that  the  upper  part  of  the  sheath  of  the  Levator  palpebrae  becomes 
thickened  in  front  and  forms,  above  the  anterior  part  of  the  muacle,  a  transverse  ligamentous 
band  which  is  attached  to  the  sides  of  the  orbital  cavity.  On  the  medial  aide  it  ia  mainly  fixed 
to  the  pulley  of  the  Obliquus  auperior,  but  some  fibres  are  attached  to  the  bone  behind  the  pulley 
and  a  slip  passes  forward  and  bridges  over  the  supraorbital  notch;  on  the  lateral  side  it  is  fixed 
to  the  capsule  of  the  lacrimal  gland  and  to  the  frontal  bone.  In  front  of  ths  transverse  ligament- 
ous band  the  sheath  is  continued  over  the  aponeurosis  of  the  Levator  palpebrae,  as  a  thin  con- 
nective-tissue layer  which  is  fixed  to  the  upper  orbital  margin  immediatly  behind  the  attach- 
ment of  the  orbital  septum.  When  the  I.>evator  palpebrae  contracts,  the  lateral  and  medial  parts 
of  the  ligamentous  band  are  stretched  and  check  the  action  of  the  muscle;  the  retraction  of  the 
upper  eyelid  is  checked  also  by  the  orbital  septum  coming  into  contact  with  the  transverse  part 
of  the  ligamentous  band. 


The  four  Recti  (Fig.  857)  arise  from  a  fibrous  ring  {annuliistendineus  communis) 
which  surrounds  the  upper,  medial,  and  lower  margins  of  the  optic  foramen  and 
encircles  the  optic  nerve  (Fig.  858).  The  ring  is  completed  by  a  tendinous  bridge 
prolonged  over  the  lower  and  medial  part  of  the  superior  orbital  fissure  and  attached 
to  a  tubercle  on  the  margin  of  the  great  wing  of  the  sphenoid,  bounding  the  fissure. 
Two  specialized  parts  of  this  fibrous  ring  may  be  made  out:  a  lower,  the  Ufuuflnt 
or  teadon  ol  Ziim,  which  gives  origin  to  the  Rectus  inferior,  part  of  the  Rectus  iti- 
temus,  and  the  lower  head  of  origin  of  the  Rectus  lateralis;  and  an  upper,  which 
gives  origin  to  the  Rectus  superior,  the  rest  of  the  Rectus  medialis,  and  the  upper 
head  of  the  Rectus  lateralis.  This  upper  band  is  sometimes  termed  the  saperior 
tendon  of  Lockwood.  Each  muscle  passes  forward  in  the  position  implied  by  its 
name,  to  be  inserted  by  a  tendinous  expansion  into  the  sclera,  about  6  mm.  from  the 
margin  of  the  cornea.  Between  the  two  heads  of  the  Rectus  lateralis  is  a  narrow 
interval,  through  which  pass  the  two  divisions  of  the  oculomotor  nerve,  the  naso- 
ciliary nerve,  the  abducent  nerve,  and  the  ophthalmic  vein.  Although  these 
muscles  present  a  common  origin  and  are  inserted  in  a  similar  manner  into  the 
sclera,  there  are  certain  differences  to  be  observed  in  them  as  regards  their  length 
and  breadth.  The  Rectus  medialis  is  the  broadest,  the  Rectus  lateralis  the  longest, 
and  the  Rectus  superior  the  thinnest  and  narrowest. 

The  ObliqoDS  ocoli  superior  (auperior  oblique)  is  a  fusiform  muscle,  placed  at  the 
upper  and  medial  side  of  the  orbit.  It  arises  immediately  above  the  margin  of  the 
optic  foramen,  above  and  medial  to  the  origin  of  the  Rectus  superior,  and,  passing 
fonvard,  ends  in  a  rounded  tendon,  which  plays  in  a  fibrocartilaginous  ring  or  pulley 
attached  to  the  trochlear  fovea  of  the  frontal  bone.  The  contiguous  surfaces  of 
the  tendon  and  ring  are  lined  by  a  delicate  mucous  sheath,  and  enclosed  in  a  thin 

^  Jouraat  of  Aoatomy  aod  FhynoJofly.  vol.  xJt. 
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fibrous  investment.  The  tendon  is  reflected  backward,  lateratward,  and  downward 
beneath  the  Rectus  superior  to  the  lateral  part  of  the  bulb  of  the  eye,  and  is  inserted 
into  the  sclera,  behind  the  equator  of  the  eyeball,  the  insertion  of  the  muscle  lying 
between  the  Rectus  superior  and  Rectus  lateralis. 

The  Obliqnus  oeoli  inlerior  (inferior  Miifue)  is  a  thin,  narrow  muscle,  placed  near 
the  anterior  margin  of  the  floor  of  the  orbit.  It  arises  from  the  orbitaJ  surface  of 
the  maxilla,  lateral  to  the  lacrimal  groove.  Passing  lateralward,  backward,  and 
upward,  at  first  between  the  Rectus  inferior  and  the  floor  of  the  orbit,  and  then 
between  the  bulb  of  the  eye  and  the  Rectus  lateralis,  it  is  inserted  into  the  lateral 
part  of  the  sclera  between  the  Rectus  superior  and  Rectus  lateralis,  near  to,  but 
somewhat  behind  the  insertion  of  the  Obliquus  superior. 


Nerrea. — The  Levator  palpebrae  superioris,  Obliquus  inferior,  and  the  Recti  superior,  inferior, 
and  medialis  are  Hupphed  by 'the  oculomotor  nerve;  the  Obliquus  superior,  by  the  trochlear 
nerve;  the  Rectus  lateralis,  by  the  abducent  nerve. 

Action>, — The  Levator  palpebrae  raises  the  upper  eyelid,  and  is  the  direct  antagonist  of  the 
Orbicularis  oculi.  The  four  Recti  are  attached  to  the  bulb  of  the  eye  in  such  a  manner  that. 
acting  singly,  they  will  turn  its  corneal  surface  either  upward,  downward,  medialward,  or  l&teral- 
word,  as  expressed  by  their  names.  The  movement  produced  by  the  Rectus  superior  or  Rectus 
inferior  is  not  quite  a  simple  one,  for  inasmuch  as  each  passes  obliquely  lateralward  and  forwajd 
to  the  bulb  of  the  eye,  the  elevation  or  depression  of  the  cornea  is  accompanied  by  a  certain 
deviation  medialward,  with  a  slight  amount  of  rotation.  These  latter  movements  are  corrected 
by  the  Obliqui,  the  ObUquus  inferior  correcting  the  medial  deviation  caused  by  the  Rectus  superior 
and  the  Obliquus  superior  that  caused  by  the  Rectus  inferior.  The  contraction  of  tbe  Rectus 
lateralis  or  Rectus  medialis,  on  the  other  hand,  produces  a  purely  horizontal  movement.  If  any 
two  neighboring  Recti  of  one  eye  act  together  they  carry  the  globe  of  the  eye  in  the  diagonal  of 
these  directions,  viz.,  upward  and  medialward,  upward  and  lateralward,  downward  and  medial- 
ward,  or  downward  and  lateralward.  Sometimes  the  corresponding  Recti  of  the  two  eyes  act 
in  unison,  and  at  other  times  the  opposite  Recti  act  together.  Thus,  in  turning  the  eyes  to  the 
right,  the  Rectus  lateralis  of  the  right  eye  will  act  in  unison  with  the  Rectus  medialis  of  the  left 
eye;  but  if  both  eyes  are  directed  to  an  object  in  the  middle  line  at  a  short  distance,  the  two  Recti 
mediales  will  act  in  unison.  The  movement  of  circumduction,  as  in  looking  around  a  room,  is 
performed  by  the  successive  actions  of  the  tour  Recti.     The  Obliqui  rotate  the  eyeball  on  ila 
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antero-posterior  axis,  the  superior  directing  the  cornea  downward  and  lateralward,  aod  the 
iaferioT  directing  it  upward  and  iaterolward;  theee  movements  are  required  for  the  correct  viewing 
of  an  object  when  the  head  is  moved  laterally,  as  from  shoulder  to  shoulder,  in  order  that  the 
picture  may  fall  in  all  respects  on  the  same  part  of  the  retina  of  either  eye. 

A  layer  of  non-striped  muscle,  the  Orbitalis  muscle  of  H.  Miiller,  may  be  seen 
bridging  across  the  inferior  orbital  fisam'e. 


Fto.  869.— The  right  cj-e  in  sugittal  Bwlion,  •bowing  iLe  tsacia  bulbi  Hemiuisemmmslie).     (T*«tut.) 

The  lascia  bulb  (capsule  of  Tenon)  (Fig.  859)  is  a  thin  membrane  which  envelops 
the  bulb  of  the  eye  from  the  optic  nerve  to  the  ciliary  region,  separating  it  from 
the  orbital  fat  and  forming  a  socket  in  which  it  plajs.  Its  inner  surface  is  smooth, 
and  is  separated  from  the  outer  surface  of  the  sclera  by  the  pertecleral  Ijrmpb  space. 
This  lymph  space  is  continuous  with  the  subdural  and  subarachnoid  cavities, 
and  is  traversed  by  delicate  bands  of  connective  tissue  which  extend  between  the 
fascia  and  the  sclera.  The  fascia  is  perforated  behind  by  the  ciliary  vessels  and 
nerves,  and  fuses  with  the  sheath  of  the  optic  nerve  and  with  the  sclera  around  the 
entrance  of  the  optic  nerve.  In  front  it  blends  with  the  ocular  conjunctiva,  and 
with  it  is  attached  to  the  ciliary  region  of  the  eyeball.  It  is  perforated  by  the 
tendons  of  the  ocular  muscles,  and  is  reflected  backward  on  each  as  a  tubular 
sheath.  The  sheath  of  the  Obliquus  superior  is  carried  as  far  as  the  fibrous  pulley 
of  that  muscle;  that  on  the  Obliquus  inferior  reaches  as  far  as  the  floor  of  the 
orbit,  to  which  it  gives  off  a  slip.  The  sheaths  on  the  Kecti  are  gradually  lost  in 
the  perimysium,  hut  they  give  off  important  expansions.  The  expansion  from  the 
Rectus  superior  blends  with  the  tendon  of  the  Levator  palpebrae;  that  of  the 
Rectus  inferior  is  attached  to  the  inferior  tarsus.  The  expansions  from  the  sheaths 
of  the  Recti  lateralis  and  medialis  are  strong,  especially  that  from  the  latter  muscle, 
and  are  attached  to  the  lacrimal  and  zygomatic  bones  respectively.    As  they  prob- 
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ably  check  the  actions  of  these  two  Recti  they  have  been  named  the  medial  and 
lateral  check  ligaments.  Lockwood  has  described  a  thickening  of  the  lower  part 
of  the  facia  bulbi,  which  he  has  named  the  suspensory  lii^ament  of  the  eye.  It  is 
slung  like  a  hammock  below  the  eyeball,  being  expanded  in  the  centre,  and  narrow 
at  its  extremities  which  are  attached  to  the  zygomatic  and  lacrimal  bones 
respectively.^ 

The  orbital  fascia  forms  the  periosteum  of  the  orbit.  It  is  loosely  connected 
to  the  bones  and  can  be  readily  separated  from  them.  Behind,  it  is  united  with 
the  dura  mater  by  processes  which  pass  through  the  optic  foramen  and  superior 
orbital  fissure,  and  with  the  sheath  of  the  optic  nerve.  In  front,  it  is  connected 
with  the  periosteum  at  the  margin  of  the  orbit,  and  sends  oflF  a  process  which 
assists  in  forming  the  orbital  septum.  From  it  two  processes  are  given  oflF;  one  to 
enclose  the  lacrimal  gland,  the  other  to  hold  the  pulley  of  the  Obliquus  superior  in 
position. 

Applied  Anatomy. — The  positions  and  exact  areas  of  insertion  of  the  tendons  of  the  Recti 
medialis  and  lateralis  into  the  bulb  of  the  eye  should  be  carefully  examined  from  the  fronti 
as  the  surgeon  is  often  required  to  divide  one  or  other  of  the  muscles  for  the  cure  of  strabismus. 
In  convergent  strabismus,  which  is  the  more  common  form  of  the  disease,  the  eye  is  turned 
medialward,  requiring  the  division  of  the  Rectus  medialis.  Il]^the  divergent  form,  which  is  more 
rare,  the  eye  is  turned  lateral  ward,  the  Rectus  lateralis  being  especially  implicated.  The  deformity 
produced  in  either  case  may  be  remedied  by  division  of  one  or  the  other  muscle.  The  operation 
is  thus  performed:  the  lids  are  to  be  well  separated;  the  eyeball  is  rotated  lateralward  or  medial- 
ward,  and  the  conjunctiva  raised  by  a  pair  of  forceps,  and  incised  immediately  beneath  the 
lower  border  of  the  tendon  of  the  muscle  to  be  divided,  a  little  behind  its  insertion  into  the  sclera; 
the  submucous  areolar  tissue  is  then  divided,  and  into  the  small  aperture  thus  made,  a  blunt 
hook  is  passed  upward  between  the  muscle  and  the  bulb,  and  the  tendon  of  the  muscle  divide 
by  a  pair  of  blunt-pointed  scissors  passed  between  the  hook  and  the  bulb. 

A  more  recent  operation  is  that  of  advancement  in  which  either  the  Rectus  medialis  or  Rectus 
lateralis  (depending  on  the  form  of  strabismus)  is  shortened.  The  muscle  is  exposed  in  the  same 
manner;  a  portion  is  then  cut  out  of  it  and  the  cut  ends  are  sew  together. 

The  eyebrows  (supercilia)  are  two  arched  eminences  of  integument,  which  sur- 
mount the  upper  circumference  of  the  orbits,  and  support  numerous  short,  thick 
hairs,  directed  obliquely  on  the  surface.  The  eyebrows  consist  of  thickened  integu- 
ment, connected  beneath  with  the  Orbicularis  oculi,  Corrugator,  and  Frontalis 
muscles. 

The  eyelids  {palpebrcie)  are  two  thin,  movable  folds,  placed  in  front  of  the  eye, 
protecting  it  from  injury  by  their  closure.  The  upper  eyelid  is  the  larger,  and  the 
more  movable  of  the  two,  and  is  furnished  with  an  elevator  muscle,  the  Levator 
palpebrae  superioris.  When  the  eyelids  are  open,  an  elliptical  space,  the  palpebral 
fissure  (rima  palpebrarum),  is  left  between  their  margins,  the  angles  of  which  corre- 
spond to  the  junctions  of  the  upper  and  lower  eyelids,  and  are  called  the  palpebral 
commissures  or  canthi. 

The  lateral  palpebral  commissure  {commismira  palpebrarum  lateralis;  external 
canthus)  is  more  acute  than  the  medial,  and  the  eyelids  here  lie  in  close  contact 
with  the  bulb  of  the  eye:  but  the  medial  palpebral  commissure  (commissura 
palpebrarum  medialis;  internal  canthus)  is  prolonged  for  a  short  distance  toward  the 
nose,  and  the  two  eyelids  are  separated  by  a  triangular  space,  the  lacus  Ucrimalis 
(Fig.  860).  At  the  basal  angles  of  the  lacus  lacrimalis,  on  the  margin  of  each 
eyelid,  is  a  small  conical  elevation,  the  lacrimal  papilla,  the  apex  of  which  is  pierced 
by  a  small  orifice,  the  pnnctum  lacrimale,  the  commencement  of  the  lacrimal  duct. 

The  eyelashes  (cilia)  are  attached  to  the  free  edges  of  the  eyelids;  they  are  short, 
thick,  curved  hairs,  arranged  in  a  double  or  triple  row:  those  of  the  upper  eyelid, 
more  numerous  and  longer  than  those  of  the  lower,  curve  upward;  those  of  the  lower 

*  C.  B.  Lockwood,  Journal  of  Anatomj-  and  Physiology,  vol.  xx. 
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eyelid  curve  downward,  so  that  they  do  not  interlace  in  closing  the  iids.  Near 
the  attachment  of  the  eyelashes  are  the  openings  of  a  number  of  glands,  the  ciliary 
(lutdB,  arranged  in  several  rows  close  to  the  free  margin  of  the  lid;  they  are  regarded 
as  enlarged  and  modified  sudoriferous  glands. 

Strnctnie  ol  the  EreUds.— The  eyelids  are  composed  of  the  following  structures  taken  in  their 
order  from  without  inward;  integument,  areolar  tiasiie,  fibres  of  the  Orbicularis  oeuli,  torsuB, 
orbital  septum,  tareal  glands  and  conjunctiva.  The  upper  eyelid  has,  in  addition,  the  aponeu- 
rosis of  the  Levator  palpebrae  superioris  (Fig,  861). 


The  intftiomoiit  is  extremely  thin,  and  contin- 
uous at  the  margins  of  the  eyelids  with  the 
conjunctiva. 

The  Bnbcatuwons  UMdar  tiuiM  is  very  lax  and 
delicate,  and  seldom  contains  any  fat. 

The  pklpabnl  fibres  of  Qie  Orbicnlaili  oenU  are 
thin,  pale  in  color,  and  possess  an  involuntary 
action. 

The  tu«i  {UiTsal  pl<Uet)  (Fig.  S62)  are  two 
thin  elongated  plates  of  dense  connective  tissue, 
about  2.5  cm.  in  length;  one  is  placed  in  each 
eyelid,  and  contributes  to  its  form  and  support. 
The  anparkii  taniu  (farnti  euperior;  superior  tarsal 
plate),  the  larger,  is  of  a  semilunar  form,  about  10 
nun.  in  breadth  at  the  centre,  and  gradually  nar- 
rowing toward  its  extremities.  To  the  anterior 
surface  of  this  plate  the  aponeurosis  of  the  Levator 
palpebrae  superioris  is  attached.  The  Infeiior 
tanas  (tarsus  inferior;  inferior  tarsal  plale),  the 
smaller,  is  thin,  elliptical  in  form,  and  has  a  vertical 
diameter  of  about  5  mm.  The  free  or  ciliary 
margins  of  these  plates  are  thick  and  straight. 
The  attached  or  orbital  margins  are  connected  to  the  circumference  of  the  orbit  by  the  orbital 
septum.  The  lateral  angles  are  attached  to  the  lygomatic  bone  by  the  lateral  palpebral  raph^. 
The  medial  angles  of  the  two  plates  end  at  the  lacua  lacrimalis,  and  are  attached  to  the  frontal 
process  of  the  maxilla  by  the  medial  palpebral  hgament  (page  468). 

The  orbital  Beptam  {septum  orinlale;  palpebral  ligametd)  is  a  membranous  sheet,  attached  to 
the  edge  of  the  orijit,  where  it  is  continuous  with  the  periosteum.  In  the  upper  eyelid  it  blends 
by  its  peripheral  circumference  with  the  tendon  of  the  Levator  palpebrae  superioris  and  the 
superior  tarsus,  in  the  lower  eyelid  with  the  inferior  tarsus.  Medially  it  is  thin,  and,  becoming 
separated  from  the  medial  palpebral  ligament,  is  fixed  to  the  lacrimal  bone  immediately  behind 
the  lacrimal  sac.  The  septum  is  perforaled  by  the  vessels  and  nerves  which  pass  from  the  orbital 
cavity  to  the  face  and  scalp. 
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The  Tarsal  Olands  (glandulae  iarsales  [Methonii];  Meibnmian  glands)  (Fig.  S03). 
— The  tarsal  glands  are  situated  upon  the  inner  surfaces  of  the  eyelids,  between 
the  tarsi  and  conjunctiva,  and  maj'  be  distinctly  seen  through  the  latter  on  everting 
the  eyelids,  presenting  an  appearance  like  parallel  strings  of  pearls.  There  are  about 
thirty  in  the  upper  eyelid,  and  somewhat  fewer  in  the  lower.  They  are  imbedded  in 
grooves  in  the  inner  surfaces  of  the  tarsi,  and  correspond  in  length  with  the 
breadth  of  these  plates;  they  are,  consequently,  longer  in  the  upper  than  in  the  lower 
eyelid.    Their  ducts  open  on  the  free  magins  of  the  lids  by  minute  foramina. 


'joaimol  tac 
Vedial  jxUptbral 
ligavunl 


Fid.  SSZ.— The  tarsi  and  their  licunenti,     Ricbt  eye;  [ront  view.     (Teetut.) 

StmctOTS. — The  tarsal  glands  are  modified  sebaceous  glands,  each  consiating  o(  a  single  Elrsigbl 
tube  or  follicle,  with  numerous  amall  lateral  diverticula.  The  tubes  are  supported  by  a  basemeot 
membrane,  and  we  lined  at  their  mouths  by  stratified  epithelium;  the  deeper  parts  of  the  lubes 
and  the  lateral  oflahoots  are  lined  by  a  layer  of  polyhedral  cells. 


Puncia  lacrinuiiia 


Fio.  863.— Tlie  ta 


The  conjunctiva  is  the  mucous  membrane  of  the  eye.  It  lines  the  inner  surfaces 
of  the  eyelids  or  palpebne,  and  is  reflected  over  the  forepart  of  the  sclera  and  cornea. 

The  Palpebral  Portion  ilimira  ronjundiva  palpebrarum)  is  thick,  opaque,  highl.v 
vascular,  and  covered  with  numerous  papillse,  its  deeper  part  presenting  a 
considerable  amount  of  lymphoid  tissue.    At  the  margins  of  the  lids  it  becomes 
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continuous  with  the  lining  membrane  of  the  ducts  of  the  tarsal  glands,  and,  through 
the  lacrimal  ducts,  with  the  lining  membrane  of  the  lacrimal  sac  and  nasolacrimal 
duct.  At  the  lateral  angle  of  the  upper  eyelid  the  ducts  of  the  lacrimal  gland  open 
on  its  free  surface;  and  at  the  medial  angle  it  forms  a  semilunar  fold,  the  plica 
semiliinaris.  The  line  of  reflection  of  the  conjunctiva  from  the  upper  eyelid  on 
to  the  bulb  of  the  eye  is  named  the  superior  fornix,  and  that  from  the  lower  lid  the 
inferior  fornix. 

The  Bulbar  Portion  {tunica  conjunctiva  bulbi). — Upon  the  sclera  the  conjunctiva 
is  loosely  connected  to  the  bulb  of  the  eye;  it  is  thin,  transparent,  destitute  of 
papillse,  and  only  slightly  vascular.  Upon  the  cornea,  the  conjunctiva  consists 
only  of  epithelium,  constituting  the  epithelium  of  the  cornea,  already  described 
(see  page  1019).  Lymphatics  arise  in  the  conjunctiva  in  a  delicate  zone  around 
the  cornea,  and  run  to  the  ocular  conjunctiva. 

In  and  near  the  fornices,  but  more  plentiful  in  the  upper  than  in  the  lower  eyelid, 
a  number  of  convoluted  tubular  glands  open  on  the  surface  of  the  conjunctiva. 
Other  glands,  analogous  to  lymphoid  follicles,  and  called  by  Henle  trachoma  glands, 
are  found  in  the  conjunctiva,  and,  according  to  Strohmeyer,  are  chiefly  situated 
near  the  medial  palpebral  commissure.  They  were  first  described  by  Brush,  in 
his  description  of  Peyer's  patches  of  the  small  intestine,  as  "identical  structures 
existing  in  the  under  eyelid  of  the  ox." 

The  caruncula  lacrimalis  is  a  small,  reddish,  conical-shaped  body,  situated  at 
the  medial  palpebral  commissure,  and  filling  up  the  lacus  lacrimalis.  It  consists 
of  a  small  island  of  skin  containing  sebaceous  and  sudoriferous  glands,  and  is  the 
source  of  the  whitish  secretion  which  constantly  collects  in  this  region.  A  few 
slender  hairs  are  attached  to  its  surface.  Lateral  to  the  caruncula  is  a  slight  semi- 
lunar fold  of  conjunctiva,  the  concavity  of  which  is  directed  toward  the  cornea; 
it  is  called  the  plica  semilunaris.  Miiller  found  smooth  muscular  fibres  in  this  fold; 
in  some  of  the  domesticated  animals  it  contains  a  thin  plate  of  cartilage. 

The  nerves  in  the  conjunctiva  are  numerous  and  form  rich  plexuses.  According 
to  Krause  they  terminate  in  a  peculiar  form  of  tactile  corpuscle,  which  he  terms 
"terminal  bulb."  •' 

The  Lacrimal  Apparatus  {apparatus  lacrimalis)  (Fig.  864)  consists  of  (a)  the 
lacrimal  gland,  which  secretes  the  tears,  and  its  excretory  ducts,  ^'hich  convey  the 
fluid  to  the  surface  of  the  eye ;  (6)  the  lacrimal  ducts,  the  lacrimal  sac,  and  the  naso- 
lacrimal duct,  by  which  the  fluid  is  conveyed  into  the  cavity  of  the  nose. 

The  Lacrimal  Gland  {glandula  lacrimalis), — ^The  lacrimal  gland  is  lodged  in  the 
lacrimal  fossa,  on  the  medial  side  of  the  zygomatic  process  of  the  frontal  bone. 
It  is  of  an  oval  form,  about  the  size  and  shape  of  an  almond,  and  consists  of  two 
portions,  described  as  the  superior  and  inferior  lacrimal  glands.  The  superior 
lacrimal  gland  is  connected  to  the  periosteum  of  the  orbit  by  a  few  fibrous  bands, 
and  rests  upon  the  tendons  of  the  Recti  superior  and  lateralis,  which  separate  it 
from  the  bulb  of  the  eye.  The  inferior  lacrimal  gland  is  separated  from  the  superior 
by  a  fibrous  septum,  and  projects  into  the  back  part  of  the  upper  eyelid,  where 
its  deep  surface  is  related  to  the  conjunctiva.  The  ducts  of  the  glands,  from  six 
to  twelve  in  number,  run  obliquely  beneath  the  conjunctiva  for  a  short  distance, 
and  open  along  the  upper  and  lateral  half  of  the  superior  conjunctival  fornix. 

Stmctures  of  the  Lacrimal  Oland  (Fig.  865). — In  structure  and  general  appearance  the  lacrimal 
resembles  the  serous  salivary  glands  (p.  1137).  In  the  recent  state  the  cells  are  so  crowded  with 
granules  that  their  limits  can  hardly  be  defined.  They  contain  oval  nuclei,  and  the  cell  proto- 
plasm is  finely  fibrillated. 

The  Lacrimal  Ducts  {ductus  lacrimalis;  lacrimal  canals). — ^The  lacrimal  ducts,  one 

in  each  eyelid,  commence  at  minute  orifices,  termed  puncta  lacrimalia,  on  the 

summits  of  the  papillae  lacrimales,  seen  on  the  margins  of  the  lids  at  the  lateral 

extremity  of  the  lacus  lacrimalis.    The  superior  duct,  the  smaller  and  shorter  of  the 

66 
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two,  at  first  ascends,  and  then  bends  at  an  acute  angle,  and  passes  medialward 
and  downward  to  the  lacrimal  sac.  The  infeiior  dact  at  first  descends,  and  then 
runs  almost  horizontally  to  the  lacri- 
mal sac.  At  the  angles  they  are  dilated 
into  ampnlltB;  their  walls  are  dense  in 
structure  and  their  mucous  lining  is 
covered  by  stratified  squamous  epi- 
thelium, placed  on  a  basement  mem- 
brane.     Outside  the  latter  is  a  layer 


Fid.  HM.— Tb«  Iscrim&l  sppuxlus.    Itifht  sds. 

of  striped  muscle,  continuous  with  the  lacrimal  part  of  the  Orbicularis  oculi;  at 
the  base  of  each  lacrimal  papilla  the  muscular  fibres  are  circularly  arranged  and 
form  a  kind  of  sphincter. 

The  Lacrimal  Sac  (aaccm  lacrimalis).— The  lacrimal  sac  is  the  upper  dilated  end 
of  the  nasolacrimal  duct,  and  is  lodged  in  a  deep  groove  formed  by  the  lacrimal  bone 
and  frontal  process  of  the  maxilla.  It  is  oval  in  form  and  measures  from  12  to  15 
mm.  in  length;  its  upper  end  is  closed  and  rounded;  its  lower  is  continued  into  the 
nasolacrimal  duct.  Its  superficial  surface  is  covered  by  a  fibrous  expansion  derived 
from  the  medial  palpebral  ligament,  and  its  deep  surface  is  crossed  by  the  lacrimal 
part  of  the  Orbicularis  oculi  (page  467),  which  is  attached  to  the  crest  on  the 
lacrimal  bone. 

StTDCtoio. — The  lacrimot  sac  consists  of  a  fibrous  elastic  Roat,  lined  internally  by  mucout 
membrane:  the  latter  is  continuous,  through  the  lacrimal  duct«,  with  tho  conjunctiva,  and 
through  the  nasolacrimal  duct  with  the  hiucdub  membrane  of  the  nasal  cavity. 

The  Nasidacrimal  Duct  (ductus  nasolacjimalis;  nasal  duct). — ^The  nasolacrimal 
duct  is  a  membranous  canal,  about  IS  mm.  in  length,  which  extends  from  the  lower 
part  of  the  lacrimal  sac  to  the  inferior  meatus  of  the  nose,  where  it  ends  by  a  some- 
what expanded  orifice,  provided  with  an  imperfect  valve,  the  plica  lacrimi^ 
{Ilasneri),  formed  by  a  fold  of  the  mucous  membrane.  It  is  contained  in  an  osseous 
canal,  formed  by  the  maxilla,  the  lacrimal  bone,  and  the  inferior  nasal  concha; 
it  is  narrower  in  the  middle  than  at  either  end,  and  is  directed  downward,  backward, 
and  a  little  lateralward.  The  mucous  lining  of  the  lacrimal  sac  and  nasolacrimal 
duct  is  covered  with  columnar  epithelium,  which  in  places  is  ciliated. 

Applied  Anatomy. — ^The  eyelids  are  composed  of  various  tissues,  and  consequently  are  liable 
to  a  variety  of  diseases.  The  skin  covering  them  is  thin  and  delicate,  and  is  supported  on  a 
quantity  of  loose  areolar  subcutaneous  tissue,  devoid  of  fat.  In  consequence  of  this  it  is  very 
freely  movable,  and  is  liable  to  be  drawn  down  by  the  contraction  of  neighboring  cicatrices, 
and  thus  produce  an  evereion  of  the  lid,  known  ae  ectropion.  Inversion  of  the  lids  (tntTOiiion) 
from 'spasm  of  the  Orbicularis  oculi  or  from  chronic  inflammatian  of  the  palpebral  conjunctiva 
may  also  occur.  The  eyelids  are  richly  supplied  with  blood,  and  are  often  the  seat  of  vascukr 
growths,  such  as  nievi.  Rodent  ulcer  frequently  commences  about  the  medial  palpebral  com- 
missure. The  louse  cellular  tissue  beneath  the  skin  is  liable  to  become  extensively  infiltraud 
either  with  blood  or  inflammatory  products,  producing  very  great  swelling.  Even  from 
very  slight  injuries  to  this  tis.sue,  the  extravasation  of  blood  may  be  so  great  as  to  produce  con- 
siderable swelUng  of  the  eyelids  and  complete  closure  of  the  eye,  and  the  same  is  the  case  vhen 
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inflammatory  products  are  poured  out.  The  follicles  of  the  eyelashes,  or  the  sebaceous  glands 
associated  with  these  follicles,  may  be  the  seat  of  inflammation,  constituting  the  ordinary  stye. 
The  tarsal  glands  are  affected  in  the  so-called  tarsal  lumoTj  which,  according  to  some,  is  caused 
by  the  retained  secretion  of  these  glands;  by  others  it  is  believed  to  be  a  neoplasm  connected 
with  the  gland.  The  ciliary  follicles  are  liable  to  become  inflamed,  constituting  the  disease 
known  as  hlepharUis  cUiaria.  Irregular  or  disorderly  growth  of  the  eyelashes  not  infrequently 
occurs,  some  of  them  being  turned  toward  the  eyeball  and  producing  inflammation  and  ulcera- 
tion of  the  cornea,  and  possibly  eventually  complete  destruction  of  the  eye.  The  Orbicularis 
oculi  may  be  the  seat  of  spasm,  either  in  the  form  of  slight  quivering  of  the  lids;  or  repeated 
twitchings,  most  commonly  due  to  errors  of  refraction  in  children;  or  more  continuous  spasms, 
due  to  some  irritation  of  the  trigeminal  or  facial  nerve.  The  Orbicularis  oculi  may  be  para^ 
lyzed  with  the  other  facial  muscles.  Under  these  circumstances  the  patient  is  unable  to  close 
the  lids,  and,  if  he  attempts  to  do  so,  rolls  the  eyeball  upward  under  the  upper  eyelid.  The 
tears  overflow  from  displacement  of  the  lower  eyelid,  and  the  conjunctiva  and  cornea,  being 
constantly  exposed  and  the  patient  being  unable  to  wink,  become  irritated  from  dust  and  foreign 
bodies.  Ptosis,  or  dropping  of  the  upper  eyelid,  may  be  congenital,  or  may  be  due  to  paralysis 
of  the  Levator  palpebrae  superioris,  in  which  case  there  will  probably  be  other  symptoms  of 
implication  of  the  oculomotor  nerve.  The  eyelids  may  be  the  seat  of  bruises,  wounds,  or  bums. 
Following  hums,  adhesion  of  the  margins  of  the  lids  to  each  other,  or  adhesion  of  the  lids  to 
the  bulb,  may  take  place.  They  are  sometimes  the  seat  of  emphysema,  after  fracture  of  some 
of  the  thin  bones  forming  the  m^ial  wall  of  the  orbit.  If  shortly  after  such  an  injury  the  patient 
blows  his  nose,  air  is  forced  from  the  nostril  through  the  lacerated  structures  into  the  connective 
tissue  of  the  eyelids,  which  suddenly  swell  up  and  present  the  peculiar  crackling  characteristic 
of  this  affection. 

Foreign  bodies  frequently  get  into  the  conjunctival  sac  and  cause  great  pain,  especially  if 
they  come  in  contact  with  the  corneal  surface,  during  the  movements  of  the  eyelids  and  the 
eye  on  each  other.  The  conjunctiva  is  often  involved  in  severe  injuries  of  the  eyeball,  but  is 
seldom  ruptured  alone;  the  most  conunon  form  of  injury  to  the  conjunctiva  alone  is  from  a 
bum,  either  from  fire,  strong  acids,  or  lime.  In  these  cases  union  is  liable  to  take  place  between 
the  eyelid  and  the  eyeball.  The  conjunctiva  is  often  the  seat  of  inflammation  arising  from  many 
different  causes,  and  the  arrangement  of  the  conjunctival  vessels  should  be  remembered  as 
affording  a  means  of  diagnosis  between  this  condition  and  injection  of  the  sclera,  which  is  present 
in  inflammation  of  the  deeper  structures  of  the  bulb  of  the  eye.  The  inflamed  conjunctiva  is 
bright  red;  the  vessels  are  large  and  tortuous,  and  greatest  at  the  circumference,  shading  off 
toward  the  corneal  margin;  they  anastomose  freely  and  form  a  dense  net-work,  and  they  can 
be  emptied  or  displaced  by  gentle  pressure.  Inflanmiation  of  the  underlying  sclera,  ciliary 
body,  or  iris  is  a  far  more  serious  condition;  the  injection  is  in  the  deeper  vessels  of  the  eye, 
and  as  seen  through  the  sclera  presents  a  diffuse  and  dull  purplish  or  violet  zone  of  circum- 
comeal  discoloration. 

The  lacrimal  gland  is  occasionally,  though  rarely,  the  seat  of  inflammation,  either  acute  or 
chronic;  it  is  also  sometimes  the  seat  of  tumors,  benign  or  malignant,  and  for  these  may  require 
removal.  This  may  be  done  by  an  incision  through  the  skin,  just  below  the  eyebrow;  and  the 
gland,  being  invested  with  a  special  capsule,  may  be  isolated  and  removed,  without  opening  the 
general  cavity  of  the  orbit.  The  lacrimal  ducts  may  be  obstructed,  either  as  a  congenital  defect 
or  by  some  foreign  body,  as  an  eyelash  or  a  dacryolith,  causing  the  tears  to  nm  over  the  cheek. 
The  lacrimal  ducts  may  also  become  occluded  as  a  result  of  bums  or  injury;  overflow  of  the 
tears  may  in  addition  result  from  deviation  of  the  puncta,  or  from  chronic  inflammation  of  the 
lacrimal  sac.  This  latter  condition  is  set  up  by  some  obstruction  to  the  nasolacrimal  duct, 
frequently  occurring  in  tuberculous  subjects.  In  consequence  of  this  the  tears  and  mucus  accu- 
mulate in  the  lacrimal  sac  and  distend  it.  Suppuration  in  the  lacrimal  sac  is  sometimes  met 
with;  this  may  be  the  sequel  of  a  chronic  inflammation;  or  may  occur  after  some  of  the  eruptive 
fevers,  in  cases  where  the  lacrimal  passages  were  previously  quite  healthy.  It  may  lead  to  lacri- 
mal fistula  from  an  abscess  forming  in  the  sac,  which  bursts  or  is  opened  on  the  surface;  the 
condition  is  often  seen  in  badly  nourished,  tuberculous  children. 

THE   ORGAN   OF  HEARING   (ORG ANON  AUDITUS;  THE  EAR). 

The  ear,  or  origan  of  hearing,  is  divisible  into  three  parts:  the  external  ear,  the 
middle  ear  or  tympanic  cavity,  and  the  internal  ear  or  labyrinth. 

The  External  Ear. 

The  external  ear  consists  of  the  expanded  portion  named  the  auricula  or  pinna, 
and  the  external  acoustic  meatus.    The  former  projects  from  the  side  of  the  head 
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and  senes  to  collect  the  vibrations  of  the  air  by  which  sound  is  produced;  the  latter 
leads  inward  from  the  bottom  of  the  auricula  and  conducts  the  vibrations  to  the 

tympanic  cavity. 

The  Auricula  or  Pinna  (Fig.  866)  is  of  an  ovoid  form,  with  its  lai^r  end  directed 
upward.    Its  lateral  surface  Is  irregularly  concave,  directed  slightly  forward,  and 
presents  numerous  eminences  and  depressions  to  which  names  have  been  assigned. 
The  prominent  rim  of  the  auricula  is  called  the  helix ; 
where  the  helix  turns  downward  behind,  a  small  tuber- 
cle, the  auricular  tubercle  of  Darwin,  is  frequently  seen; 
this  tubercle  is  very  evident  about  the  sixth  month 
of  fetal  life  when  the  whole  auricula  has  a  close  re- 
semblance to  that  of  some  of  the  adult  monkeys. 
Another  curved   prominence,  parallel  with  and  in 
front  of  the  helix,  is  called  the  antiheliz ;  this  divides 
above  into  two  crura,  between  which  is  a  triangular 
depression,  the  lona  trianffolaris.    The  narrow-curved 
depression  between  the  helix  and   the  antihelix  is 
called  the  scapha;  the  antihelix  describes  a  curve 
around  a  deep,  capacious  cavity,  the  concha,  which  Is 
partially  divided  into  two  parts  by  the  eras  or  com- 
mencement of  the  helix;  the  upper  part  is  termed  the 
cymba  conchae,  the  lower  part  the  cavum   conchae. 
In  front  of  the  concha,  and  projecting  backward  over 
the  meatus,  is  a  small  pointed  eminence,  the  trafus, 
Fio.  866.— Tbemneui*.   Lat«ni       ^^ called  from  its  being  generally  covered  on  its  under 
surface  with  a  tuft  of  hair,  resembling  a  goat's  beard. 
Opposite  the  tragus,  and  separated  from  it  by  the  intertragic  notch,  is  a  small 
tubercle,  the  antitrapu.     Below  this  is  the  lobole,  composed  of  tough  areolar  and 
adipose  tissues,  and  wanting  the  firmness  and  elasticity  of  the  rest  of  the  auricula. 
The  cranial  surface  of  the  auricula  presents  elevations  which  correspond  to  the 
depressions  on  its  lateral  surface  and  after  which  they  are  named,  e.  g.,  eminentia 
conchae,  eminentia  triangularis,  etc. 

Stmctote. — The  auricula  h  composed  of  a  thin  plate  of  yellow  fibrocartilage,  covered  with 
iategumetit,  and  connected  to  the  siurouiiding  parts  by  ligaments  and  tnuaclee;  and  to  the  com- 
mencement ol  the  external  acoustic  meatiu  by  fibroua  tissue. 

The  aUn  is  thin,  closely  adherent  to  the  cartilage,  and  covered  with  fine  hairs  furnished  with 
sebaceous  giands,  which  are  most  numerous  in  the  concha  and  scaphoid  fossa.  On  the  tragus 
and  antitragUB  the  hairs  are  strong  and  numerous.  The  Hkin  of  the  auricula  is  continuous  with 
that  lining  the  external  acoustic  meatus. 

The  cartilacB  of  the  amiculA  (cartilago  auriculae;  cartUage  of  the  pinna)  (Figs.  867,  868]  con- 
sists of  a  single  piece;  it  gives  form  to  this  part  of  the  ear,  and  upon  its  surface  are  found  tbe 
eminences  and  depressions  above  described.  It  is  absent  from  the  lobule;  it  is  deficient,  abo, 
between  the  tragus  and  beginning  of  the  helix,  the  gap  being  filled  up  by  dense  fibrous  tissue. 
At  the  front  part  of  the  auricula,  where  the  heUx  bends  upward,  is  a  small  projection  of  cartilage, 
called  the  spina  kelicia,  while  in  the  lower  part  of  the  helix  the  cartilage  is  prolonged  downward 
as  a  tail-like  process,  the  ctada  bellds;  this  is  separated  from  the  antihelix  by  a  fissure,  tbe 
flunra  andtraiohelieiiia.  The  cranial  aspect  of  the  cartilage  exhibits  a  transverse  furrow,  the 
■ulciu  uitihelicdji  trKniTenoa,  which  corresponds  with  the  inferior  cms  of  the  antihelix  and 
separates  the  eminentia  conchae  from  the  eminentia  triangularis.  TI)e  eminentia  conchae  is 
crossed  by  a  vertical  ridge  {ponticultie),  which  gives  attachment  to  the  Auricularis  posterior 
muscle,  in  the  carlila^  of  the  auricula  are  two  fissures,  one  behind  the  eras  helicia  and  another 
in  the  tragus. 

The  Ucaments  ot  the  loricula  (ligamenli  auricularia  [Valtalva];  ligatiwnts  of  Uie  pinna)  consist 
of  two  sets;  (1)  eitrinBie,  connecting  it  to  the  side  of  the  bead;  (2)  intrinaic,  connecting  various 
parts  of  its  cartilage  together. 

The  extiinllc  ligaments  are  two  tn  number,  anterior  and  posterior.  The  anterior  tiijantei't 
extends  from  the  tragus  and  spina  hclicis  to  the  root  of  the  zygomatic  process  of  the  temporal 
bone.  The  poslerior  Hgamertl  passes  from  the  posterior  surface  of  the  concha  to  the  outer  surface 
of  the  mastoid  process. 
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The  chief  IntrinaiG  lifunents  are:  (a)  a  strong  fibrous  baod,  stretching  from  the  tragus  to  the 
commencement  of  the  helix,  completing  the  meatus  in  front,  and  partly  encircling  the  boundary 
of  the  concha;  and  (t)  a  band  between  the  antiheUx  and  the  Cauda  helicis.  Other  less  important 
bands  are  found  on  the  cranial  eurface  of  the  pinna. 


Sulciu  antihelicii  traneverewi 


Eminenlin  ameltae 
Pontieulua 
Caiida  htlicU 


Fio.  807.— Cruiml  surface  ol  cartU>«e  at  right  auricula. 

The  innictoB  of  tb*  unricnU  (Fig.  868)  consist  of  two  sets:  (1)  the  oztrinsk,  which  connect  it 
with  the  skull  and  scalp  and  move  the  auricula  as  a  whole;  and  (2)  the  Intrinsic,  which  extend 
from  one  part  of  the  auricle  to  another. 

The  exttinsic  maactos  are  the  Auriculares  ulterior,  superior,  and  posterior. 

The  AiiTicidarU  anierior  {AUrahens 
aurem),  the  smallest  of  the  three,  is  thin, 
fan-shaped,  and  its  fibers  are  pale  and  in- 
distinct. It  (irises  from  the  lateral  edge 
of  the  galea  aponeiirotica,  and  its  fibres 
converge  to  be  inserted  into  a  projection 
on  the  front  of  the  helix. 

The  A-uricularis  superior  {AttoUjie 
aurem),  the  largest  of  the  three,  is  thin 
and  fan-shaped.  Its  fibres  arue  from  the 
galea  aponeurotica,  and  converge  to  be 
inserted  by  a  thin,  flattened  tendon  into 
the  upper  part  of  the  cranial  surface  of  the 

The  Avricidaria  posterior  (Retraheru 
aurem)  consists  of  two  or  three  fleshy 
fasciculi,  which  arise  from  the  mastoid 
portion  of  the  temporal  bone  by  short 
aponeurotic  fibres.  They  are  inserted  into 
the  lower  part  of  the  cranial  surface  of 
the  concha. 

Actions. — Id  man,  these  muscles  possess 
very  little  action:  the  Auricularis  anterior 
draws  the  auricula  forward  and  upward; 
the  Auricularis  superior  slightly  raises  it; 
and  the  Auricularis  posterior  draws  it 
backward. 

The  intrinsic  muscles  are  the: 

Helicis  major.  Antitragicus. 

Heticis  minor.  Transversus  auriculae. 

Tragicus.  Obliquus  auriculae.  Fio.  sns.—The  muideB  or  the  auricuiB. 

The  Helios  major  is  a  narrow  vertical  band  situated  upon  the  anterior  margin  of  the  helix. 
It  arises  below,  from  the  spina  helicis,  and  is  inserted  into  the  anterior  border  of  the  helix, 
juBt  where  it  is  about  to  curve  backward. 

The  Helida  minor  is  an  oblique  fasciculus,  covering  the  crus  helicis. 
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The  Tragieut  ia  a  short,  flattened  vertical  baad  on  the  lateral  aurface  of  the  trapia. 

The  Aniitragicia  arises  from  the  outer  part  of  the  aotitragus,  and  is  inserted  into  the  cauc 
helicia  and  antihellx. 

The  Traiisvereui  auriculae  is  placed  on  the  cranial  aurface  of  the  pinna.  It  consists  of  acatl^n 
fibres,  partly  tendinous  and  partly  muscular,  extending  from  the  emiuentia  conchae  to  the  prom 
nence  corresponding  with  the  scapha. 

The  Oblitpius  auriculae,  alao  on  the  cranial  surface,  consists  of  a  few  fibres  extending  fro 
the  upper  and  bank  part  of  the  concha  to  the  convexity  immediately  above  it. 

Nerves. — The  Auriculares  anterior  and  superior  and  the  intrinsic  muscles  on  the  lateral  surfa 
are  supplied  by  the  temporal  branch  of  the  facial  nerve,  the  Auricularia  posterior  and  the  intrini 
muscles  on  the  cranial  surface  by  the  posterior' auricular  branch  of  the  same  nerve. 

The  arteriOB  of  tbe  anricnU  are  the  posterior  auricular  from  the  external  carotid,  the  anteri 
auricular  from  the  superficial  temporal,  and  a  branch  from  the  occipital  art«ry. 

The  Tfuna  accompany  the  corresponding  arteries. 

The  seiiBory  norres  are;  the  great  auricular,  from  the  cervical  plexus;  the  auricular  bran 
of  the  vagus;  the  auriculotemporal  branch  of  the  mandibular  nerve;  and  the  lesser  occipi 
from  the  cervical  plexus. 


Cariilaginone  Bony  pari  oj 

pari  of  cxt.  txl.  ucmiilic 

acmutic  meatvfi  mealui 

Fio.  ttesi.— Eilernal  uid  middle  ear,  opened  from  the  [nut.     Right  side. 

The  External  Acoustic  Meatus  {meatus  amsticua  exfernus;  exUrnal  auditory  ca 
or  meatus)  extends  from  the  bottom  of  the  concha  to  the  tympanic  membrane  (F 
869,  870).  It  is  about  4  cm.  in  length  if  measured  from  the  tragus;  from  the  bott 
of  the  concha  its  length  is  about  2.5  cm.  It  forms  an  S-shaped  curve,  and  is  direc 
at  first  inward,  forward,  and  slightly  upward  {pars  externa);  it  then  passes  inl- 
and backward  {pars  media),  and  lastly  is  carried  inward,  forward,  and  sligl 
downward  [pars  interna).  It  is  an  oval  cylindrical  canal,  the  greatest  diami 
being  directed  downward  and  backward  at  the  external  orifice,  but  nearly  h 
zontally  at  the  inner  end.  It  presents  two  constrictions,  one  near  the  inner 
of  the  cartilaginous  portion,  and  another,  the  isthmus,  in  the  osseous  portion,  afc 
2  cm.  from  the  bottom  of  the  concha.  The  tympanic  membrane,  which  closes 
inner  end  of  the  meatus,  is  obliquely  directed;  in  consequence  of  this  the  floor 
anterior  wall  of  the  meatus  are  longer  than  the  roof  and  posterior  wall. 
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The  external  acoustic  meatus  is  formed  partly  bj'  cartilage  and  membrane, 
and  partly  by  bone,  and  is  lined  by  skin. 

The  cartilagiiions  portion  {meatvs  aciisticvs  extermis  cartilagineus)  is  about  8  mm. 
in  length;  it  is  continuous  with  the  cartilage  of  the  auricula,  and  firmly  attached 
to  the  circumference  of  the  auditory  process  of  the  temporal  bone.  The  cartilage 
is  deficient  at  the  upper  and  back  part  of  the  meatus,  its  place  being  supplied  by 
fibrous  membrane;  two  or  three  deep  fissures  are  present  in  the  anterior  part  of  the 
cartilage. 

The  osMous  portion  {mealua  acmticus  eytermia  osseus)  is  about  16  mm.  in  length, 
and  is  narrower  than  the  cartilaginous  portion.  It  is  directed  inward  and  a  little 
forward,  forming  in  its  course  a  slight  curve  the  convexity  of  which  ia  upward  and 
backward.    Its  inner  end  is  smaller  than  the  outer,  and  sloped,  the  anterior  wali 

Attdikiry  tubi 


IiUernal  acoasiic 


Tympai 
Tgrnpi 


Fia.  STO— HoriionUl  seccion  through  left  ear;  upper  hitll  o[  sectian. 

projecting  beyond  the  posterior  for  about  4  mm. ;  it  is  marked,  except  at  its  upper 
part,  by  a  narrow  groove,  the  tympanic  sulcus,  in  which  the  circumference  of  the 
tympanic  membrane  is  attached.  Its  outer  end  is  dilated  and  rough  in  the  greater 
part  of  its  circumference,  for  the  attachment  of  the  cartilage  of  the  auricula.  The 
front  and  lower  parts  of  the  osseous  portion  are  formed  by  a  curved  plate  of  bone, 
the  tympanic  part  of  the  temporal,  which,  in  the  fetus,  exists  as  a  separate  ring 
(umnlus  tympanieus,)  incomplete  at  its  upper  part  (page  245). 

The  skia  lining  the  meatus  is  verj-  thin;  adheres  closely  to  the  cartilaginous 
and  osseous  portions  of  the  tube,  and  covers  the  outer  surface  of  the  tympanic 
membrane.  After  maceration,  the  thin  pouch  of  epidermis,  when  withdrawn, 
preserves  the  form  of  the  meatus.  In  the  thick  subcutaneous  tissue  of  the  cartil- 
a^nous  part  of  the  meatus  are  numerous  ceruminous  glands,  which  secrete  the 
ear-wax;  their  structure  resembles  that  of  the  sudoriferous  glands. 

IMktloiu  of  Uie  Moatiu. — Id  froot  o(  the  oeseouB  part  is  the  condyle  of  the  m&ndible,  which 
however,  ia  frequently  separated  from  the  cartilaginous  part  by  a  portion  of  the  parotid  gland. 
The  movements  of  the  jaw  influence  to  sOme  extent  the  lumen  of  this  latter  portion.  Behind  the 
omeoua  part  are  the  mastoid  air  cells,  separated  from  the  meatus  by  a  thin  layer  of  bone. 

The  artaiiu  supplying  the  meatus  are  branches  from  the  posterior  auricular,  internal  maxillary, 
and  temporal. 

The  nerrei  are  chiefly  derived  from  the  auriculotemporal  branch  of  the  mandibular  nerve 
and  the  auricular  branch  of  the  vagus. 
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The  Tragicus  is  a  short,  Battened  vertical  band  on  the  lateral  surface  of  the  tragus. 

The  Antilroffieui  arUe*  from  the  outer  part  of  the  antitraguB,  and  is  inserted  into  the  cauda 
helicis  and  antihelix. 

Th«  Transversus  auricutae  Is  placed  an  the  cranial  surface  of  the  pinna.  It  cooaiats  of  scattered 
fibres,  partly  tendinous  and  partly  muBcular,  extending  from  the  eminentia  conchae  to  the  promi- 
nence correepondJDg  with  the  scapha. 

The  Obliquui  auriculae,  also  on  the  cranial  surface,  conaiats  of  a  few  fibres  extending  (Kxa 
the  upper  and  bacii  part  of  the  concha  to  the  convexity  inmiediately  above  it. 

Nervee. — The  Auricularcs  ant«rior  and  superior  and  the  intrinsic  muscles  on  the  lateral  surfan 
are  supplied  by  the  temporal  branch  of  the  facial  nerve,  the  Aurieularia  posterior  and  the  intrinsic 
muscles  on  the  cranial  surface  by  the  posterior 'auricular  branch  of  the  same  nerve. 

The  arteries  of  the  anricnla  are  the  posterior  auricular  from  the  external  carotid,  the  anterior 
auricular  from  the  superficial  temporal,  and  a  branch  from  the  occipital  artery. 

The  TOilll  accompany  the  corresponding  arteries. 

The  Benaory  nerves  are:  the  great  auricular,  from  the  cervical  plexus;  the  auricular  branch 
of  the  vagus;  the  auriculotemporal  branch  of  the  mandibular  nerve:  and  the  leaser  occipital 
from  the  cervical  plexus. 


CarlHaginoas         Bony  part  o] 
part  of  pil.  f.xi.  acoustic 

aamttit  m*n(u«  mfatTU 

Pia.  861).— Eiternal  and  middle  ear.  opened  from  the  front.     RichI  lidr. 

The  External  Acoustic  Meatus  (meatvs  acusticus  extemus;  external  auditory  rami 
or  meatus)  extendw  from  the  bottom  of  the  concha  to  the  tympanic  membrane  (Fi)p. 
869,  K70).  It  is  about  4  cm.  in  length  if  measured  from  the  tragus;  from  the  bottom 
of  the  concha  its  length  is  about  2.5  cm.  It  forms  an  S-shaped  curve,  and  ia  directeJ 
at  first  inward,  forward,  and  slightly  upward  {pars  externa);  it  then  pas.ses  inward 
and  backward  [pars  media),  and  lastly  is  carried  inward,  forward,  and  slightly 
downward  (pars  inlema).  It  is  an  oval  c,\'lindrical  canal,  the  greatest  diameter 
being  directed  downward  and  backward  at  the  external  orifice,  but  nearly  hori- 
zontally at  the  inner  end.  It  presents  two  constrictions,  one  near  the  inner  end 
of  the  cartilaginous  portion,  and  another,  the  isthmus,  in  the  osseous  portion,  about 
2  era.  from  the  bottom  of  the  concha.  The  tympanic  membrane,  which  closes  the 
inner  end  of  the  meatus,  is  obliquely  directed;  in  consequence  of  this  the  floor  and 
anterior  wall  of  the  meatus  are  longer  than  the  roof  and  posterior  wall. 
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The  external  acoustic  meatus  is  formed  partlj'  by  cartilage  and  membrane, 
and  partly  by  bone,  and  is  lined  by  skin. 

The  c&rtilafinous  portion  (meatus  acusticus  ejctemus  cartUagirievs)  is  about  8  mm. 
in  length;  it  is  continuous  with  the  cartilage  of  the  auricula,  and  firmly  attached 
to  the  circumference  of  the  auditorj'  pron^ess  of  the  temporal  bone.  The  cartilage 
b  deficient  at  the  uppier  and  back  part  of  the  meatus,  its  place  being  supplied  by 
fibrous  membrane;  two  or  three  deep  fissures  are  present  in  the  anterior  part  of  the 
cartilage. 

The  osseoiu  portion  {meatv^  acuslicm  exiernua  osxetis)  la  about  16  mm.  in  length, 
and  is  narrower  than  the  cartilaginous  [Wjrtion.  It  is  directed  inward  and  a  little 
forward,  forming  in  its  course  a  slight  cur\e  the  convexity  of  which  is  upward  and 
backward.    Its  inner  end  is  smaller  than  the  outer,  and  sloped,  the  anterior  wall 

Auditory  tvbc 


Bxltmal  acouitlic 


Tympai\ 


projecting  beyond  the  posterior  tor  about  4  mm,;  it  is  marked,  except  at  its  upper 
part,  by  a  narrow  groove,  the  tjmpanic  sulcus,  in  which  the  circumference  of  the 
tympanic  membrane  is  attached.  Its  outer  end  is  dilated  and  rough  in  the  greater 
part  of  its  circumference,  for  the  attachment  of  the  cartilage  of  the  auricula.  The 
front  and  lower  parts  of  the  osseous  piortion  are  formed  by  a  curved  plate  of  bone, 
the  tjTapanic  part  of  the  temporal,  which,  in  the  fetus,  exists  as  a  separate  ring 
(annnlos  tTmpanicus,)  incomplete  at  its  upper  part  (page  245). 

The  skill  lining  the  meatus  is  verj'  thin;  adheres  closely  to  the  cartilaginous 
and  osseous  portions  of  the  tube,  and  covers  the  outer  surface  of  the  tympanic 
membrane.  After  maceration,  the  thin  pouch  of  epidermis,  when  withdrawn, 
p^ese^^•es  the  form  of  the  meatus.  In  the  thick  subcutaneous  tissue  of  the  cartil- 
aginous part  of  the  meatus  are  numerous  ceruminous  glands,  which  secrete  the 
ear-wax;  their  structure  resembles  that  of  the  sudoriferous  glands. 

B«Utl<iiu  of  the  Mratos.— In  front  of  the  osseous  part  is  the  condyle  of  the  mandible,  which 
however,  is  frequently  separated  from  the  cartilaginouB  part  by  a  portion  of  the  parotid  gland. 
The  movements  of  the  jaw  influence  to  sdme  extent  the  lumen  of  this  latter  portion.  Behind  the 
oaaeous  part  are  the  mastoid  air  cells,  separated  from  the  meatus  by  a  thin  layer  of  bone. 

The  arteriea  supplying  the  meatus  are  branches  from  the  posterior  auricular,  internal  maxillary, 
and  temporal. 

The  nArres  are  chiefly  derived  from  the  auriculotemporal  branch  of  the  mandibular  nerve 
and  the  auricular  branch  of  the  vagus. 
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^ipUed  AuMmy. — Malformations,  such  as  imperfect  development  of  the  external  parte, 
supernumerary  auricles,  or  absence  of  the  meatus,  are  oecasionally  met  with.  The  akin  of  the 
auricula  is  thin  and  richly  supplied  with  bluod,  but  in  spite  of  this  it  is  often  the  seat  of  froet- 
bite,  due  to  the  fact  that  it  is  much  exposed  to  cold,  and  lacks  the  usual  underlying  subcutaoeous 
fat  found  in  most  other  parts  of  the  body.  A  collection  of  blood  is  sometimes  found  betveen 
the  cartilage  and  perichondrium  (heTnatoma  auris),  usually  the  result  of  traumatisni,  but  not 
ueceesorily  due  to  this  cause;  it  is  said  to  occur  most  frequently  in  the  ears  of  the  insane.  Keloid 
aometiroes  grows  iu  the  auricula  around  the  puncture  made  for  earrings,  and  epiUielioma  occa- 
sionally afTeets  this  part.  Deposits  of  urate  of  soda  are  often  met  with  in  the  auricula  in  gouty 
subjects. 

The  external  acoustic  meatus  can  be  most  satisfactorily  examined  by  light  reflected  down  » 
funnel-shaped  speculum;  by  gently  moving  the  latter  in  different  directions  the  greater  pari 
of  the  canal  and  tympanic  membrane  can  be  brought  into  view.  In  using  this  instrument,  it  if 
advisable  that  the  auricula  should  be  drawn  upward,  backward,  and  a  little  outward,  so  as  t( 
render  the  meatus  as  straight  as  possible.  The  points  to  be  noted  are:  the  presence  of  wax  oi 
foreign  bodies;  the  siie  of  the  meatus;  and  the  condition  of  the  tympanic  membrane.  Accumu 
lation  of  wax  is  often  a  cause  of  deafness,  and  may  give  rise  to  very  serious  consequences,  suel 
as  ulceration  of  the  membrane;  it  is  best  removed  by  syringing.  Foreign  bodies  are  not  bfre 
quently  introduced  into  the  ear  by  children,  and,  when  situated  in  the  first  portion  of  the  meatus 
may  be  removed  with  tolerable  facility  by  means  of  a  minute  hook  or  loop  of  fine  wire,  aidei 
by  reflected  light;  but  when  they  have  slipped  beyond  the  narrow  middle  part  of  the  meatus 
their  removal  is  in  no  wise  easy,  and  attempts  to  effect  it,  in  inexperienced  hands,  may  be  fo) 
lowed  by  destruction  of  the  tympanic  membrane  and  possibly  the  contents  of  the  tympani 
cavity.  The  calibre  of  the  external  acoustic  meatus  may  be  narrowed  by  inflammation  of  it 
lining  membrane;  by  periostitis;  by  polypi;  or  by  exostoses. 

Pii»l.  maHeolar  Joli 
Long  cn«  0/  incu»  p„„  .fl„„,-^ 

x.  of  tiuAUw 
nalteolar  fold 


Mantibritim 
of  maUe^ui 
PotUTO-superior 
quadrant 


Anitro-tuperu 
UirAo 


Antero-inftrior  quadrant 
Fio.  S71. — Right  tympanic  rncmbruie  u  SHd  through  k  tpeculum. 

At  the  point  of  junction  of  the  osseous  and  cartilaginous  portions  an  obtuse  angle,  wbi 
projects  into  the  tube  at  its  antero-inferior  wall,  is  formed;  this  produces  a  sort  of  constrict! 
and  renders  it  a  narrow  portion  of  the  meatus — an  important  point  to  be  remembered  id  ci 
nection  with  the  presence  of  foreign  bodies  in  the  meatus.  The  shortness  of  the  meatus  in  cl 
dren  should  be  borne  in  mind  in  introducing  the  aural  speculum,  so  that  it  be  not  pushed  iu  1 
far,  at  the  risk  of  injurinj;  the  tympanic  membrane;  indeed,  even  in  the  adult  the  epecul* 
should  never  be  introduced  beyond  the  constriction  which  marks  the  junction  of  the  osseous  s 
cartilaginous  portions.  Just  in  front  of  the  membrane  is  a  well-marked  depression,  situa 
on  the  floor  of  the  meatus,  and  bounded  by  a  somewhat  prominent  ridge;  in  this  foreign  boc 
may  become  lodged.  By  aid  of  the  speculum,  combined  with  traction  of  the  auricle  upward  i 
backward,  the  greater  part  of  the  tympanic  membrane  is  rendered  visible  (Fig.  871).  It  i 
pearly-gray  membrane,  sUghtly  glistening  in  the  adult,  placed  obliquely,  bo  as  to  form  w 
the  floor  of  the  meatus  a  very  acute  angle  (about  fifty-five  degrees),  while  with  the  roof  it  foi 
an  obtuse  angle.  At  birth  it  is  more  horizontal,  situated  in  almost  the  same  plane  as  the  b 
of  the  skull.  About  midway  between  the  anterior  and  posterior  margins  of  the  membrane,  1 
extending  from  the  centre  obliquely  upward,  is  a  reddish-yellow  streak;  this  ia  the  handk 
the  malleus,  which  is  inserted  into  the  membrane.  At  the  upper  part  of  this  streak,  close  to 
roof  of  the  meatus,  a  little  white,  rounded  prominence  is  plainly  to  be  seen;  this  is  the  lati 
or  short  process  of  the  malleus,  projecting  against  the  membrane.    The  tympanic  membr 


THE  MIDDLE  EAR  OR  TYMPANIC  CAVITY  1049 

does  not  present  a  plane  surface;  on  the  contrary,  its  centre  is  drawn  inward,  on  account  of  its 
connection  with  the  manubrium  of  the  malleus,  and  thus  the  external  surface  is  rendered  concave. 
The  connections  of  the  nerves  of  the  meatus  explain  the  fact  of  the  occurrence,  in  cases  of 
irritation  of  the  meatus,  of  constant  coughing  and  sneezing,  from  implication  of  the  vagus,  and 
the  vomiting  which  may  follow  S3Tinging  the  ears  of  children,  and  the  occasional  heart  failure 
similarly  induced  in  elderly  people.  No  doubt  also  the  association  of  earache  with  toothache  or 
with  cancer  of  the  tongue  is  due  to  implication  of  the  mandibular  branch  of  the  trigeminal  nerve, 
which  supplies  also  the  teeth  and  the  tongue.  The  upper  half  of  the  tympanic  membrane  is 
much  more  vascular  than  the  lower  half;  for  this  reason,  and  also  to  avoid  the  chorda  tympani 
nerve  and  ossicles,  incisions  through  the  membrane  should  be  made  at  the  lower  and  posterior 
part. 


The  Middle  Ear  or  Tympanic  Cavity  (Cavum  Tympani;  Dram; 

Tympanum). 

The  middle  ear  or  tjrmpanic  cavity  is  an  irregular,  laterally  compressed  space 
within  the  temporal  bone.  It  is  filled  with  air,  which  is  conveyed  to  it  from  the 
nasal  part  of  the  pharynx  through  the  auditory  tube.  It  contains  a  chain  of  mov- 
able bones,  which  connect  its  lateral  to  its  medial  wall,  and  serve  to  convey  the 
vibrations  communicated  to  the  tympanic  membrane  across  the  cavity  to  the 
internal  ear. 

The  tympanic  cavity  consists  of  two  parts:  the  tsrmpanic  cavity  proper,  opposite 
the  tympanic  membrane,  and  the  attic  or  epitjrmpanic  recess,  above  the  level  of 
the  membrane;  the  latter  contains  the  upper  half  of  the  malleus  and  the  greater 
part  of  the  incus.  Including  the  attic,  the  vertical  and  antero-posterior  diameters 
of  the  cavitv  are  each  about  15  mm.  The  transverse  diameter  measures  about 
6  mm.  above  and  4  mm.  below;  opposite  the  centre  of  the  tympanic  membrane 
it  is  only  about  2  mm.  The  tympanic  cavity  is  bounded  laterally  by  the  tympanic 
membrane;  medially,  by  the  lateral  wall  of  the  internal  ear;  it  communicates, 
behind,  with  the  tympanic  antrum  and  through  it  with  the  mastoid  air  cells,  and 
in  front  with  the  auditory  tube  (Fig.  869). 

The  Tegmental  Wall  or  Roof  (paries  tegmentalis)  is  formed  by  a  thin  plate  of  bone, 
the  tegmen  tympani,  which  separates  the  cranial  and  tympanic  cavities.  It  is 
situated  on  the  anterior  surface  of  the  petrous  portion  of  the  temporal  bone  close 
to  its  angle  of  junction  with  the  squama  temporalis;  it  is  prolonged  backward  so 
as  to  roof  in  the  tympanic  antrum,  and  forward  to  cover  in  the  semicanal  for  the 
Tensor  tympani  muscle.  Its  lateral  edge  corresponds  with  the  remains  of  the 
petrosquamous  suture. 

The  Jugular  Wall  or  Floor  (paries  jugvlaris)  is  narrow,  and  consists  of  a  thin  plate 
of  bone  (fundus  tjrmpani)  which  separates  the  tympanic  cavity  from  the  jugular 
fossa.  It  presents,  near  the  labyrinthic  wall,  a  small  aperture  for  the  passage  of 
the  tympanic  branch  of  the  glossopharyngeal  nerve. 

The  Membranous  or  Lateral  Wall  (paries  memhranacea;  outer  wall)  is  formed 
mainly  by  the  tympanic  membrane,  partly  by  the  ring  of  bone  into  which  this 
membrane  is  inserted.  This  ring  of  bone  is  incomplete  at  its  upper  part,  forming 
a  notch  (notch  of  Rivinus),  close  to  which  are  three  small  apertures:  the  iter  chordae 
posterius,  the  petrotjrmpanic  fissure,  and  the  iter  chordae  anterius. 

The  iter  chordae  posterius  (apertura  tympanica  canaliczdi  chordae)  is  situated  in 
the  angle  of  junction  between  the  mastoid  and  membranous  wall  of  the  tympanic 
cavity  inunediately  behind  the  tympanic  membrane  and  on  a  level  with  the  upper 
end  of  the  manubrium  of  the  malleus;  it  leads  into  a  minute  canal,  which  descends 
in  front  of  the  canal  for  the  facial  nerve,  and  ends  in  that  canal  near  the  stylo- 
mastoid foramen.  Through  it  the  chorda  t^Tnpani  nerv^e  enters  the  tympanic 
cavitv. 

The  petrotjrmpanic  fissure  (fissura  petrotympanica;  Glaserian  fissure)  opens  just 
above  and  in  front  of  the  ring  of  bone  into  which  the  tympanic  membrane  is 
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inserted;  in  this  situation  it  is  a  mere  slit  about  2  mm.  in  length.    It  lodge;* 

the  anterior  process  and  anterior  ligament  of  the  malleus,  and  gives  passage  to  the 

anterior  tympanic  branch  of  the  internal  maxillary  artery. 

The  iter  chordM  aoterius  (camd  of  Huguier)  is  placed  at  the  medial  end  of  the 

petrotympanic  fissm^;  through  it  the  chorda  tympani  nerve  leaves  the  tjTnpani( 

cavity. 

The  Tympanic  Membnme  {memhTana  iympani)  (Figs,  871,  872)  separates  th* 

tympanic  cavity  from  the  bottom  of  the  external  acoustic  meatus.  It  is  a  thin 
semitransparent  membrane,  nearly  ova 
in  form,  somewhat  broader  above  thai 
below,  and  directed  very  obliquely  down 
ward  and  inward  so  as  to  form  an  angi 
of  about  fifty-five  degrees  witli  the  floo 
of  the  meatus.  Its  longest  diameter  i 
downward  and  forward,  and  measure 
from  9  to  10  mm. ;  its  shortest  diamett 
measures  from  8  to  9  mm.  The  greatt 
part  of  its  circumference  is  thickenec 
and  forms  a  fibrocartilaffmous  rinf  which 
fixed  in  the  tympanic  anleus  at  the  inni 
end  of  the  meatus.  This  sulcus  is  del 
cient  superiorly  at  the  notch  of  Rivinu 
and  from  the  ends  of  this  notch  two  band 
the  anterior  and  posteriw  malleoUr  told 
are  prolonged  to  the  lateral  process  of  tl 
malleus.  The  small,  somewhat  triangul 
part  of  the  membrane  situated  above  the 
folds  is  lax  and  thin,  and  is  named  tl 
pars  flaccida;  in  it  a  small  orifice  is  som 
times  seen.  The  manubrium  of  the  malle 
is  firmly  attached  to  the  medial  surface 
the  membrane  as  far  as  its  centre,  whi 
it  draws  toward  the  tympanic  cavity ;  t 
lateral  surface  of  the  membrane  is  th 
concave,  and  the  most  depressed  part 
this  concavity  is  named  the  nmbo. 

StractOTe. — The  tympanic  membrane  is  c( 
posed  of  three  strata:  a  lateral  (eulaneoua), 
intennediate  (Jibrous),  and  a  medial  (mucoiu).  The  cnUneooa  atratom  is  derived  from 
integument  lining  the  meatus.  The  fibrous  ittatnm  consists  of  two  layers:  a  radiate  strati 
the  fibres  of  which  diverge  from  the  manubrium  of  the  malleus,  and  b  circular  stratum, 
6brea  of  which  ore  plentiful  around  the  circumference  but  sparse  and  scattered  near  the  cei 
of  the  membrane.  Branched  or  dendritic  fibres,  as  pointed  out  by  Gritber,  are  also  presi 
especially  in  the  posterior  half  of  the  membrane. 

Vessels  and  Nerres. — The  arteries  of  the  tympanic  membrane  are  derived  from  tlie  c 
auricular  branch  of  the  internal  maxillary,  which  ramifies  beneath  the  cutaneous  stratum; 
from  the  stylomastoid  branch  of  the  posterior  auricular,  and  tympanic  branch  of  the  inte 
maidllary,  which  are  distributed  on  the  mucous  surface.  The  BUperficial  veins  open  into 
external  jugular;  those  on  the  deep  surface  drain  partly  into  the  transverse  sinus  and  vein 
the  dura  mater,  and  partly  into  a  plexus  on  the  auditory  tube.  The  membrane  receive! 
nerre  sai^  from  the  auriculotemporal  branch  of  the  mandibular,  the  auricular  branch  of 
vagus,  and  the  tympanic  branch  of  the  glossopliaryngeal. 

The  Labynnthic  or  Medial  Wall  (parks  labyrintbica;  inneT  wait)  (Fig.  873 
vertical  in  direction,  and  presents  for  examination  the  fenestrae  vestibali 
cochleae,  the  promontory,  and  the  prominence  of  the  facial  canal. 
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The  fenestra  vestibali  (fenestra  tycalis)  is  a  reniform  opening  leading  from  the 
tympanic  cavity  into  the  vestibule  of  the  internal  ear;  its  long  diameter  is  horizontal, 
and  its  convex  border  is  upward.  In  the  recent  state  it  is  occupied  by  the  base  of 
the  stapes,  the  circumference  of  which  is  fixed  by  the  annular  ligament  to  the  mar^n 
of  the  foramen. 

The  fenestra  cochleae  (fenestra  rotunda)  is  situated  below  and  a  little  behind  the 
fenestra  vestibuli,  from  which  it  is  separated  by  a  rounded  elevation,  the  pTomontory. 
It  is  placed  at  the  bottom  of  a  funnel-shaped  depression  and,  in  the  macerated  hone, 
leads  into  the  cochlea  of  the  internal  ear;  in  the  recent  state  it  is  closed  by  a  mem- 
brane, the  secondary  tTmpanie  membrane,  which  is  concave  toward  the  tympanic 
cavity,  convex  toward  the  cochlea.  This  membrane  consists  of  three  layers:  an 
external,  or  mucous,  derived  from  the  mucous  lining  of  the  tympanic  cavity;  an 
internal,  from  the  lining  membrane  of  the  cochlea;  and  an  intermediate,  or  fibrous 
layer. 


Mastoid  cdU     ""'■'"  "*  «y«™""»»  jurumm 
Fio.  S73.— Corooal  HcticHi  of  right  temponl  bone. 

The  promontory  (promoniorium)  is  a  rounded  hollow  prominence,  formed  by  the 
projection  outward  of  the  first  turn  of  the  cochlea;  it  is  placed  between  the  fenestrae, 
and  is  furrowed  on  its  surface  by  small  grooves,  for  the  lodgement  of  branches  of  the 
tympanic  plexus.  A  minute  spicule  of  hone  frequently  connects  the  promontory 
to  the  pyramidal  eminence. 

The  prominence  of  the  facial  canal  [pTominerUia  canalis  facialis;  •prominence  of 
aqueduct  qf  Fallopius)  indicates  the  position  of  the  bony  canal  in  which  the 
facial  nerve  is  contained;  this  canal  traverses  the  labyrinthic  wall  of  the  tj'mpanic 
cavity  above  the  fenestra  vestibuli,  and  behind  that  opening  curves  neartj- 
vertically  downward  along  the  mastoid  wall. 

The  mastoid  or  posterior  wall  (paries  mastoidea)  is  wider  abo\'e  than  below,  and 
presents  for  examination  the  entrance  to  the  tympanic  antrum,  the  pyramidal  eminence, 
and  the  fosaa  ineadis. 
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The  entrance  to  the  antrum  is  a  large  irregular  aperture^  which  leads  back^\arc 
from  the  epitympanie  recess  into  a  considerable  air  space,  named  the  tympanii 
or  mastoid  antrmn  (see  page  240).  The  antrum  communicates  behind  and  belov 
with  the  mastoid  air  cells,  which  var^'  considerably  in  number,  size,  and  form 
the  antrum  and  mastoid  air  cells  are  lined  by  mucous  membrane,  continuous  witl 
that  lining  the  tympanic  cavity.  On  the  medial  wall  of  the  entrance  to  the  antruE 
is  a  rounded  eminence,  situated  above  and  behind  the  prominence  of  the  facis 
canal;  it  corresponds  with  the  position  of  the  ampuUated  ends  of  the  superior  an 
lateral  semicircular  canals. 

The  pyramidal  eminence  (emineniia  pyramidalis;  pyramid)  is  situated  immed 
ately  behind  the  fenestra  vestibuli,  and  in  front  of  the  vertical  portion  of  the  facij 
canal;  it  is  hollow,  and  contains  the  Stapedius  muscle;  its  summit  projects  forwar 
toward  the  fenestra  vestibuli,  and  is  pierced  by  a  small  aperture  which  transmi 
the  tendon  of  the  muscle.  The  cavity  in  the  pyramidal  eminence  is  prolonge 
downward  and  backward  in  front  of  the  facial  canal,  and  communicates  with 
by  a  minute  aperture  which  transmits  a  twig  from  the  facial  nerve  to  the  Stapedii 
muscle. 

The  fossa  incudis  is  a  small  depression  in  the  lower  and  back  part  of  the  ep 
tympanic  recess;  it  lodges  the  short  crus  of  the  incus. 

The  Carotid  or  Anterior  Wall  (paries  carotica)  is  wider  above  than  below;  it  con 
sponds  with  the  carotid  canal,  from  which  it  is  separated  by  a  thin  plate  of  bo: 
perforated  by  the  tympanic  branch  of  the  internal  carotid  artery,  and  by  the  de 
petrosal  nerve  which  connects  the  sympathetic  plexus  on  the  internal  carol 
artery  with  the  tympanic  plexus  on  the  promontory.  At  .the  upper  part  of  t 
anterior  wall  are  the  orifice  of  the  semicanal  for  the  Tensor  tympani  muscle  a 
the  tympanic  orifice  of  the  auditory  tube,  separated  from  each  other  by  a  t\ 
horizontal  plate  of  bone,  the  septum  canalis  musculotubarii.  These  canals  run  fr( 
the  tympanic  cavity  forward  and  downward  to  the  retiring  angle  between  1 
squama  and  the  petrous  portion  of  the  temporal  bone. 

The  semicanal  for  the  Tensor  tympani  {semicanalis  m.  tensoris  tympani)  is  1 
superior  and  the  smaller  of  the  two;  it  is  cylindrical  and  lies  beneath  the  tegn 
tympani.  It  extends  on  to  the  labyrinthic  wall  of  the  tympanic  cavity  and  ei 
immediately  above  the  fenestra  vestibuli. 

The  septum  canalis  musculotubarii  {processus  cochleariformi^)  passes  backwi 
below  this  semicanal,  forming  its  lateral  wall  and  floor;  it  expands  above  the  ar 
rior  end  of  the  fenestra  vestibuli  and  terminates  there  by  curving  laterally  so 
to  form  a  pulley  over  which  the  tendon  of  the  muscle  passes. 

The  auditory  tube  {tuba  auditiva;  Eustachian  tube)  is  the  channel  through  wl: 
the  tympanic  cavity  communicates  with  the  nasal  part  of  the  pharynx.  Its  len 
is  about  36  mm.,  and  its  direction  is  downward,  forward,  and  medialward,  form 
an  angle  of  about  45  degrees  with  the  sagittal  plane  and  one  of  from  30  to  40  degi 
with  the  horizontal  plane.  It  is  formed  partly  of  bone,  partly  of  cartilage  and  fibi 
tissue  (Fig.  869). 

The  osseous  portion  {pars  osseo  tubae  auditivae)  is  about  12  mm.  in  length, 
begins  in  the  carotid  wall  of  the  tympanic  cavity,  below  the  septum  canalis  muse 
tubarii,  and,  gradually  narrowing,  ends  at  the  angle  of  junction  of  the  squama 
the  petrous  portion  of  the  temporal  bone,  its  extremity  presenting  a  jagged  ma 
which  serves  for  the  attachment  of  the  cartilaginous  portion. 

The  cartilaginous  portion  {pars  cartilaginea  tubae  auditivae),  about  24  mm.  in  len 
is  formed  of  a  triangular  plate  of  elastic  fibrocartilage,  the  apex  of  which  is  attac 
to  the  margin  of  the  medial  end  of  the  osseous  portion  of  the  tube,  while  its  1 
lies  directly  under  the  mucous  membrane  of  the  nasal  part  of  the  pharynx,  w 
it  forms  an  elevation,  the  torus  tubarius  or  cushion,  behind  the  pharyngeal  orific 
the  tube.   The  upper  edge  of  the  cartilage  is  curled  upon  itself,  being  bent  latei 
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so  as  to  present  on  transverse  section  the  appearance  of  a  hook;  a  groove  or  furrow 
is  thus  produced,  which  is  open  below  and  laterally,  and  this  part  of  the  canal  is 
completed  by  fibrous  membrane.  The  cartilage  lies  in  a  groove  between  the  petrous 
part  of  the  temporal  and  the  great  wing  of  the  sphenoid;  this  groove  ends  opposite 
the  middle  of  the  medial  pterygoid  plate.  The  cartilaginous  and  bony  portions  of 
the  tube  are  not  in  the  same  plane,  the  former  inclining  downward  a  little  more 
than  the  latter.  The  diameter  of  the  tube  is  not  uniform  throughout,  being  greatest 
at  the  pharyngeal  orifice,  least  at  the  junction  of  the  bony  and  cartilaginous  por- 
tions, and  again  increased  toward  the  tympanic  cavity;  the  narrowest  part  of  the 
tube  is  termed  the  isthmus.  The  position  and  relations  of  the  pharyngeal  orifice 
are  described  with  the  nasal  part  of  the  pharynx.  The  mucous  membrane  of  the 
tube  is  continuous  in  front  with  that  of  the  nasal  part  of  the  phar>'nx,  and  behind 
with  that  of  the  tympanic  cavity;  it  is  covered  with  ciliated  epithelium  and  is  thin 
in  the  osseous  portion,  while  in  the  cartilaginous  portion  it  contains  many  mucous 
glands  and  near  the  pharyngeal  orifice  a  considerable  amount  of  adenoid  tissue, 
which  has  been  named  by  Gerlach  the  tube  tonsil.  The  tube  is  opened  during  deglu- 
tition by  the  Salpingopharyngeus  and  Dilatator  tubae.  The  latter  arises  from  the 
hook  of  the  catilage  and  from  the  membranous  part  of  the  tube,  and  blends  below 
with  the  Tensor  veli  palatini. 

The  Auditory  Ossicles  (Ossicula  Auditus). 

The  tympanic  cavity  contains  a  chain  of  three  movable  ossicles,  the  malleus, 
incus,  and  stapes.  The  first  is  attached  to  the  tympanic  membrane,  the  last  to 
the  circumference  of  the  fenestra  vestibuli,  the  incus  being  placed  between  and 
connected  to  both  by  delicate  articulations. 

The  Malleus  (Fig.  874),  so  named  from  its  fancied  resemblance  to  a  hammer, 
consists  of  a  head,  neck,  and  three  processes,  viz.,  the  manubrium,  the  anterior  and 
lateral  processes. 

The  head  (capittdum  mallei)  is  the  large  upper  extremity  of  the  bone;  it  is  oval 
in  shape,  and  articulates  posteriorly  with  the  incus,  being  free  in  the  rest  of  its 
extent.  The  facet  for  articu- 
lation with  the  incus  is  con- 
stricted near  the  middle,  and 
consists  of  an  upper  larger  and 
lower  smaller  part,  which  form 
nearly  a  right  angle  with  each 

other.    Opposite  the  constric-      r^tpmi      ^^  ,—,  ^_ 

tion  the  lower  margin  of  the      process  ^^F}^^  r^l^         prouM 

facet  projects  in  the  form  of  a 
process,  the  cog-tooth  or  spur  of 
the  malleus. 

The  neck  {collum  mallei)  is 
the  narrow  contracted  part  just 
beneath  the  head;  below  it,  is  a 
a  prominence,  to  which  the 
various  processes  are  attached. 

The  manubrium  mallei  (handle)  is  connected  by  its  lateral  margin  with  the  tym- 
panic membrane.  It  is  directed  downward,  medialward,  and  backward;  it  decreases 
ill  size  toward  its  free  end,  which  is  curved  slightly  forward,  and  flattened  trans- 
versely. On  its  medial  side,  near  its  upper  end,  is  a  slight  projection,  into  which 
the  4:endon  of  the  Tensor  tympani  is  inserted. 

The  anterior  process  (processus  anterior  [FoHi];  processus  gracilis)  is  a  delicate 
spicule,  which  springs  from  the  eminence  below  the  neck  and  is  directed  forward 


Head 


Fio.  874. — Left  malleus.    A.  From  behind.     B.  From  within. 
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The  Tragicus  is  a  short,  flattened  vertical  band  on  the  lateral  surface  of  the  tragus. 

The  AntitTogicat  arises  from  the  outer  part  of  the  antitragus,  and  is  inserted  into  the  cauda 
helicis  and  antihelix. 

The  Tramversua  auriculae  is  placed  on  the  cranial  surface  of  the  pinna.  It  consists  of  scattered 
fibres,  partly  tendinous  and  partly  muscular,  eirtending  from  the  eminenlia  conchae  to  the  promi- 
nence corresponding  with  the  scapha. 

The  Obliquus  auriculae,  also  on  the  cranial  surface,  consists  of  a  tew  fibres  extending  from 
the  upper  and  back  part  of  the  concha  to  the  convexity  immediately  above  it. 

Neniet. — The  Auricularee  anterior  and  superior  and  the  intrinsic  muscles  on  the  lateral  surface 
are  supplied  by  the  temporal  branch  of  the  facial  nerve,  the  Auricularis  posterior  and  the  iDtrinsic 
muBclea  on  the  cranial  surface  by  the  posterior 'auricular  branch  of  the  same  nerve. 

The  arteriea  of  the  Auricula  are  the  posterior  auricular  from  the  external  carotid,  the  anterior 
auricular  from  the  superficial  temporal,  and  a  branch  from  the  occipital  artery. 

The  reins  accompany  the  corresponding  arteries. 

The  Hnsory  nerves  are:  the  great  auricular,  from  the  cervical  plexus;  the  auricular  branch 
of  the  vagus;  the  auriculotemporal  branch  of  the  mandibular  nerve;  and  the  lesser  occipital 
from  the  cervical  plexus. 
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The  External  Acoastic  Meatus  {meatus  acusticus  extemus;  external  auditory  canal 
or  meatus)  extends  from  the  bottom  of  the  concha  to  the  tympanic  membrane  (Figs, 
869,  870).  It  is  about  4  cm.  in  length  if  measured  from  the  tragus;  from  the  bottom 
of  the  concha  its  length  is  about  2.5  cm.  It  forms  an  S-shaped  curve,  and  is  directed 
at  first  inward,  forward,  and  slightly  upward  (pars  externa);  it  then  passes  inward 
and  backward  (pars  media),  and  lastly  is  carried  inward,  forward,  and  slightly 
downward  (pars  interna).  It  is  an  oval  cylindrical  canal,  the  greatest  diameter 
being  directed  downward  and  backward  at  the  external  orifice,  but  nearly  hori- 
zontally at  the  inner  end.  It  presents  two  constrictions,  one  near  the  inner  end 
of  the  cartilaginous  portion,  and  another,  the  isthmus,  in  the  osseous  portion,  about 
2  cm.  from  the  bottom  of  the  concha.  The  tympanic  membrane,  which  closes  the 
inner  end  of  the  meatus,  is  obliquely  directed;  in  consequence  of  this  the  floor  and 
anterior  wall  of  the  meatus  are  longer  than  the  roof  and  posterior  wall. 
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The  external  acoustic  meatus  is  formed  partly  by  cartilage  and  membrane, 
and  partly  by  bone,  and  is  lined  by  skin. 

The  cartilaginous  portion  (meatus  acusticus  extemus  cartilagineua)  is  about  8  mm. 
in  length;  it  is  cttntinuous  with  the  cartilage  of  the  auricula,  and  firmly  attached 
to  the  circumference  of  the  auditory  process  ot  the  temporal  bone.  The  cartilage 
is  deficient  at  the  upper  and  back  part  ot  the  meatus,  its  place  being  supplied  by 
fibrous  membrane;  two  or  three  deep  fissures  are  present  in  the  anterior  part  of  the 
cartilage. 

The  osseous  portion  {meatus  acusHcus  extemvs  osseus)  is  about  16  mm.  in  length, 
and  is  narrower  than  the  cartilaginous  portion.  It  is  directed  inward  and  a  little 
forward,  forming  in  Its  course  a  slight  curve  the  convexity  of  which  is  upward  and 
backward.    Its  inner  end  is  smaller  than  the  outer,  and  sloped,  the  anterior  wall 
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Fia.  S70.— Horiionul  Hction  throueh  left  ear;  upper  half  of  wction. 

projecting  beyond  the  posterior  for  about  4  mm.;  it  is  marked,  except  at  its  upper 
part,  by  a  narrow  groove,  the  tympanic  sulcus,  in  which  the  circumference  of  the 
tympanic  membrane  is  attached.  Its  outer  end  is  dilated  and  rough  in  the  greater 
part  of  its  circumference,  for  the  attachment  ot  the  cartilage  of  the  auricula.  The 
front  and  lower  parts  of  the  osseous  portion  are  formed  by  a  curved  plate  of  bone, 
the  tjTnpanic  part  of  the  temporal,  which,  in  the  fetus,  exists  as  a  separate  ring 
(annulufl  tympanicus,)  incomplete  at  its  upper  part  (page  245). 

The  skin  lining  the  meatus  is  very  thin;  adheres  closely  to  the  cartilaginous 
and  osseous  portions  of  the  tube,  and  covers  the  outer  surface  of  the  tympanic 
membrane.  After  maceration,  the  thin  pouch  of  epidermis,  when  withdrawn, 
preser\'cs  the  form  of  the  meatus.  In  the  thick  subcutaneous  tissue  of  the  cartil- 
aginous part  of  the  meatus  are  numerous  ceruminous  glands,  which  secrete  the 
ear-wax;  their  structure  resembles  that  of  the  sudoriferous  glands. 

B«lations  of  th«  Meatns.^In  front  of  the  oeseooa  part  is  the  condyle  of  the  mandible,  which 
however,  is  frequently  separated  from  the  cartilaginous  part  by  a.  portion  of  the  parotid  gland. 
The  movements  of  the  jaw  influence  to  some  extent  the  lumen  of  this  latter  portion.  Behind  the 
oeseous  part  are  the  mastoid  air  cells,  separated  from  the  meatua  by  a  thin  layer  of  bone. 

The  uteriM  supplying  the  meatus  are  branches  from  the  posterior  auricular,  internal  maxillary, 
and  temporal. 

The  nerTBB  are  chiefly  derived  from  the  auriculotemporal  branch  of  the  mandibular  nerve 
and  the  auricular  branch  of  the  vagus. 
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The  Tragieoi  is  &  short,  flatteoed  vertical  band  on  the  lateral  surface  of  the  tragua. 

The  AnlUragicut  aritet  from  the  outer  part  of  the  antitraguB,  and  is  inserted  into  the  (»uda 
helicis  and  antihelix. 

The  TTanmersae  auriculae  is  placed  on  the  cranial  surface  of  the  pinna.  It  consists  of  scattered 
fibree,  partly  tendinous  and  partly  muscular,  extending  from  the  eminentia  conchae  to  the  promi- 
nence corresponding  nith  the  scapha. 

The  Ohliquus  auriculae,  also  on  the  cranial  aurface,  consists  of  a  few  fibres  extending  from 
the  upper  and  back  part  of  the  concha  to  the  convexity  immediately  above  it. 

Nervet. — The  Auriculares  anterior  and  superior  and  the  intrinsic  muscles  on  the  lateral  surface 
are  supplied  by  the  temporal  branch  of  the  facial  nerve,  the  Auricularis  posterior  and  the  intrinsic 
muscles  on  the  cranial  surface  by  the  posterior 'auricular  branch  of  the  same  nerve. 

The  Arteries  of  the  »iii1cq1k  arc  the  posterior  auricular  from  the  external  carotid,  the  anterior 
auricular  from  the  superficial  temporal,  and  a  branch  from  the  occipital  artery. 

The  Toni  accompany  the  corresponding  arteries. 

The  MIIBOrr  nerves  are:  the  great  auricular,  from  the  cervical  plexus;  the  auricular  branch 
of  the  vagus;  the  auriculotemporal  bruich  of  the  mandibular  nerve;  and  the  lesser  occipital 
from  the  cervical  plexus. 
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The  External  Acoastic  Meatus  {meatus  acustictis  exiemits;  external  auditory  canal 
or  meatvs)  extends  from  the  bottom  of  the  concha  to  the  tympanic  membrane  (Figs. 
869, 870).  It  is  about  4  cm.  in  length  if  measured  from  the  tragus;  from  the  bottom 
of  the  concha  its  length  is  about  2.5  cm.  It  forms  an  S-shaped  curve,  and  is  directed 
at  first  inward,  forward,  and  slightly  upward  {pars  externa);  it  then  passes  inward 
and  backward  (;wjw  media),  and  lastly  is  carried  inward,  forward,  aTid  slightly 
downward  (pars  interna).  It  is  an  oval  cylindrical  canal,  the  greatest  diameter 
being  directed  downward  and  backward  at  the  e.\ternal  orifice,  but  nearly  hori- 
zontally at  the  inner  end.  It  presents  two  constrictions,  one  near  the  inner  end 
of  the  cartilaginous  portion,  and  another,  the  isthmus,  in  the  osseous  portion,  about 
2  cm.  from  the  bottom  of  the  concha.  The  tjmpanic  membrane,  which  closes  the 
inner  end  of  the  meatus,  is  obliquel;'  directed ;  in  consequence  of  this  the  floor  and 
anterior  wall  of  the  meatus  are  longer  than  the  roof  and  posterior  wall. 
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The  external  acoustic  meatus  is  formed  partly  by  cartilage  and  membrane, 
and  partly  by  bone,  and  is  lined  by  skin. 

The  c&rtUaginous  portion  {meatus  aeiwticus  externum  cartilagincus)  is  about  8  mm. 
in  length;  it  is  continuous  with  the  cartilage  of  the  auricula,  and  firmly  attached 
to  the  circumference  of  the  auditory  process  of  the  temporal  bone.  The  cartilage 
is  deficient  at  the  upper  and  back  part  of  the  meatus,  its  place  being  supplied  by 
fibrous  membrane;  two  or  three  deep  fissures  are  present  in  the  anterior  part  of  the 
cartilage. 

The  osseous  portion  {mealiu  acuslicus  eaiernus  assents)  is  about  16  mm.  in  length, 
and  is  narrower  than  the  cartilaginous  portion.  It  is  directed  inward  and  a  little 
forward,  forming  in  its  course  a  slight  curve  the  convexity  of  which  is  upward  and 
backward.    Its  inner  end  is  smaller  than  the  outer,  and  sloped,  the  anterior  wall 

AvdUory  liibe 


Tj/mpa 


Fia.  870— Horiioatal  KcCioa  tbrougb  left  ear;  upper  hall  of  section. 

projecting  beyond  the  posterior  for  about  4  mm,;  it  is  marked,  except  at  its  upper 
part,  by  a  narrow  groove,  the  tjmpuuc  sulcus,  in  which  the  circumference  of  the 
tympanic  membrane  is  attached.  Its  outer  end  is  dilated  and  rough  in  the  greater 
part  of  its  circumference,  for  the  attachment  of  the  cartilage  of  the  auricula.  The 
front  and  lower  parts  of  the  osseous  portion  are  formed  by  a  curved  plate  of  bone, 
the  tjTnpanic  part  of  the  temporal,  which,  in  the  fetus,  exists  as  a  separate  ring 
(snmilns  trmpanicus,}  incomplete  at  its  upper  part  (page  245). 

The  skiti  lining  the  meatus  is  very  thin;  adheres  closely  to  the  cartilaginous 
and  osseous  portions  of  the  tube,  and  covers  the  outer  surface  of  the  tympanic 
membrane.  After  maceration,  the  thin  pouch  of  epidermis,  when  withdrawn, 
preserves  the  form  of  the  meatus.  In  the  thick  subcutaneous  tissue  of  the  cartil- 
aginous part  of  the  meatus  are  numerous  ceruminous  glands,  which  secrete  the 
ear-wax;  their  structure  resembles  that  of  the  sudoriferous  glands. 

B«Utlons  of  Om  HMtoa.— In  froDt  of  the  oeseoua  part  is  the  condyle  of  the  mandible,  which 
however,  is  frequently  separated  from  the  cartilagiDOua  part  by  a  portion  of  the  parotid  ^and. 
The  movements  of  the  jaw  influence  to  some  extent  the  lumen  of  this  latter  portion.  Behind  the 
osHCOus  part  &re  the  mastoid  air  cells,  separated  from  the  meatus  by  a  thin  layer  of  bone. 

The  Utftdu  supplying  the  meatus  are  branches  from  the  posterior  auricular,  internal  maxillary, 
and  temporal. 

The  n«rvei  are  chiefly  dn'ived  from  the  auriculotemporal  branch  of  the  mandibular  nerve 
and  the  auricular  branch  of  the  vagus. 
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These  are  cavities  hollowed  out  of  the  substance  of  the  bone,  and  lined  by 
periosteum;  they  contain  a  clear  fluid,  the  perilymph,  in  which  the  membranous 
labjTinth  is  situated. 

The  Testibale  {zestibuluvi) . — The  vestibule  is  the  central  part  of  the  osseous 
labyrinth,  and  is  situated  medial  to  the  tympanic  cavity,  behind  the  cochlea,  and 
in  front  of  the  semicircular  canals.  It  is  somewhat  ovoid  in  shape,  but  flattened 
transversely;  it  measures  about  5  mm.  from  before  backward,  the  same  from  above 
downward,  and  about  3  mm.  across.  In  its  lateral  or  tympanic  wall  is  the  fenestra 
TesQbuli,  closed,  in  the  recent  state,  by  the  base  of  the  stapes  and  annular  ligament. 
On  its  medial  wall,  at  the  forepart,  is  a  small  circular  depression,  the  receatnu 
sphaericus,  which  is  perforated,  at  its  anterior  and  inferior  part,  by  several  minute 
holes  (macula  cribrosa  media)  for  the  passage  of  filaments  of  the  acoustic  nerve 
to  the  saccule;  and  behind  this  depression  is  an  oblique  ridge,  the  crista  vestibiili, 
the  anterior  end  of  which  is  named  the  pTramid  at  the  vestibule.  This  ridge  bifur- 
cates below  to  enclose  a  small  depression,  the  fossa  cochleaiis,  which  is  perforated 
by  a  number  of  holes  for  the  passage  of  filaments  of  the  acoustic  nerve  which  supply 
the  vestibular  end  of  the  ductus  cochlearis.    As  the  hinder  part  of  the  medial  wall 


Cochlear  ftnettra 

is  the  orifice  of  the  aqoaednctas  vestibuli,  which  extends  to  the  posterior  surface  of 
the  petrous  portion  of  the  temporal  bone.  It  transmits  a  small  vein,  and  contains 
a  tubular  prolongation  of  the  membranous  labyrinth,  the  daetns  endolymphatlGiis, 
which  ends  in  a  cul-de-sac  between  the  layers  of  the  dura  mater  within  the  cranial 
cavity.  On  the  upper  wall  or  roof  is  a  transversely  oval  depression,  the  recessua 
ellipticns,  separated  from  the  recessus  sphaericus  by  the  crista  vestibuli  already 
mentioned.  The  pyramid  and  adjoining  part  of  the  recessus  ellipticus  are  perforated 
by  a  number  of  holes  (macula  cribrosa  superior).  The  apertures  in  the  pyramid 
transmit  the  nerves  to  the  utricle;  those  in  the  recessus  ellipticus  the  nerves  to  the 
ampullae  of  the  superior  and  lateral  semicircular  ducts.  Behind  are  the  five  orifices 
of  the  semicircular  canals.  In  front  is  an  elliptical  opening,  which  communicates 
with  the  seal  a  vestibuli  of  the  cochlea. 

The  Bon;  Semicircular  Canals  {canales  semicirculaTes  ossei). — ^The  bony  semi- 
circular canals  are  three  in  number,  superior,  posterior,  and  lateral,  and  are  situated 
above  and  behind  the  vestibule.  They  are  unequal  in  length,  compressed  from  side 
to  side,  and  each  describes  the  greater  part  of  a  circle.  Each  measures  about 
0.8  mm.  in  diameter,  and  presents  a  dilatation  at  one  end,  called  the  ampulla,  which 
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measures  more  than  twice  the  diameter  of  the  tube.  The;-  open  into  the  vestibule 
by  five  orifices,  one  of  the  apertures  being  common  to  two  of  the  canals. 

The  superior  BemiciTCuIaT  canal  (canalis  semiciTtnilaru  mperior),  15  to  20  mm. 
in  length,  is  vertical  in  direction,  and  is  placed  transversely  to  the  long  axis  of  the 
petrous  portion  of  the  temporal  bone,  on  the  anterior  surface  of  which  its  arch 
forms  a  round  projection.  It  describes  about  two-thirds  of  a  circle.  Its  lateral 
extremity  is  ampullated,  and  opens  Into  the  upper  part  of  the  vestibule;  the  oppo- 
site end  joins  with  the  upper  part  of  the  posterior  canal  to  form  the  cms  commone, 
which  opens  into  the  upper  and  medial  part  of  the  vestibule. 

The  poBterior  semicircol&r  canal  {coTtalis  semiciTcularia  posterior),  also  vertical,  is 
directed  backward,  nearly  parallel  to  the  posterior  surface  of  the  petrous  bone; 
it  is  the  longest  of  the  three,  measuring  from  18  to  22  mm. ;  its  lower  or  ampullated 
end  opens  into  the  lower  and  back  part  of  the  vestibule,  its  upper  into  the  crus 
commune  already  mentioned. 


Fia.  87S.— Tbs  cochlu  uid  vestibule,  viewed  from  above.     ITestut.)    AH  the  bard  carts 
'm  iolariial  eai  have  been  removed  with  the  ww.    A.  Cochlea.    B.  Vestibule.    C.  lutetai 


TyTDpaoie  cavity.  1.  Lower  border  of  vestibular  fenestra.  2.  Pissura  veatibuli.  3.  RecessuBvphaei 
ellipticuB.  5,  Foasa  coohleatis.  6.  Orifice  o(  the  aquseductm  vesiibuli.  7.  Inferior  '"-"i-~  "'  •' 
..__... 1    ^g    Non-ampullated  eocl  of  lateral  senucircular  canal.    9.  Snla  tyinpi 


5,  Fogsa  cochleatie.     0.  Orifice  of  the  aquiuxluctua  veatibuli.     7.  Inferior  opeoina  of  the  poetcrior  semii 

'     S.  Non-ampullated  cod  of  lateral  semicircular  canal.    9.  Soala  tympani  of  Uie  cochlea.     10.  SaiJ- 

CupuU.    12.  Lamina  epiralis  oasea,  with  13',  iia  vestibular  oritio;  12'',  its  eiternal  border,    13,  Hsli- 


The  lateral  or  horuontal  canal  {canalis  semicircularis  lateralis;  external  aemicircvlar 
camU)  is  the  shortest  of  the  three.  It  measures  from  12  to  15  mm.,  and  its  arch 
is  directed  horizontally  backward  and  lateralward;  thus  each  semicircular  canal 
stands  at  right  angles  to  the  other  two.  Its  ampullated  end  corresponds  to  the 
upper  and  lateral  angle  of  the  vestibule,  just  above  the  fenestra  vestibuli,  where 
it  opens  close  to  the  ampullated  end  of  the  superior  canal;  its  opposite  end  opens 
at  the  upper  and  back  part  of  the  vestibule.  The  lateral  canal  of  one  ear  is  very 
nearly  in  the  same  plane  as  that  of  the  other;  while  the  superior  canal  of  one  ear 
is  nearly  parallel  to  the  posterior  canal  of  the  other. 

The  Cochlea  {Figs.  878, 879). — The  cochlea  bears  some  resemblance  to  a  common 
snail-shell ;  it  forms  the  anterior  part  of  the  labyrinth,  is  conical  in  form,  and  placed 
■  almost  horizontally  in  front  of  the  vestibule;  its  apex  (cvpvia)  is  directed  forward 
and  lateralward,  with  a  slight  inclination  downward,  toward  the  upper  and  front 
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part  of  the  labyrinthic  wall  of  the  tympanic  cavity;  its  base  corresponds  with  the 
bottom  of  the  internal  acoustic  meatus,  and  is  perforated  by  numerous  apertures 
for  the  passage  of  the  cochlear  division  of  the  acoustic  nerve.  It  measures  about 
5  mm.  from  base  to  apex,  and  its  breadth  across  the  base  is  about  9  mm.  It  con- 
sists of  a  conical  shaped  central  axis,  the  modiolus;  of  a  canal,  the  inner  wall  of  which 
is  formed  by  the  central  axis,  wound  spirally  around  it  for  two  turns  and  three- 
quarters,  from  the  base  to  the  apex;  and  of  a  delicate  lamina,  the  osseous  spiral 
lamina,  which  projects  from  the  modiolus,  and,  following  the  windings  of  the  canal, 
partially  subdivides  it  into  two.  In  the  recent  state  a  membrane,  the  basilar 
membrane,  stretches  from  the  free  border  of  this  lamina  to  the  outer  wall  of  the  bony 
cochlea  and  completely  separates  the  canal  into  two  passages,  which,  however, 
communicate  with  each  other  at  the  apex  of  the  modiolus  by  a  small  opening, 
named  the  helicotrema. 

The  modiolus  is  the  conical  central  axis  or  pillar  of  the  cochlea.  Its  base  is  broad, 
and  appears  at  the  bottom  of  the  internal  acoustic  meatus,  where  it  corresponds 
with  the  area  cochleae;  it  is  perforated  by  numerous  orifices,  which  transmit  fila- 
ments of  the  cochlear  division  of  the  acoustic  nerve;  the  nerves  for  the  first  turn 
and  a  half  pass  through  the  foramina  of  the  tractus  spiralis  foraminosus;  those 
for  the  apical  turn,  through  the  foramen  centrale.  The  canals  of  the  tractus 
spiralis  foraminosus  pass  up  through  the  modiolus  and  successively  bend  outward 
to  reach  the  attached  margin  of  the  lamina  spiralis  ossea.  Here  they  become 
enlarged,  and  by  their  apposition  form  the  spiral  canal  of  the  modiolus,  which 
follows  the  course  of  the  attached  margin  of  the  osseous  spiral  lamina  and  lodges 
the  spiral  ganglion  {ganglion  of  Corti).  The  foramen  centrale  is  continued  into 
a  canal  which  runs  up  the  middle  of  the  modiolus  to  its  apex.  The  modiolus 
diminishes  rapidly  in  size  in  the  second  and  succeeding  coil. 

The  bony  canal  of  the  cochlea  takes  two  turns  and  three-quarters  around  the 
modiolus.  It  is  about  30  mm.  in  length,  and  diminishes  gradually  in  diameter 
from  the  base  to  the  summit,  where  it  terminates  in  the  cupula,  which  forms  the 
apex  of  the  cochlea.  The  beginning  of  this  canal  is  about  3  mm.  in  diameter; 
it  diverges  from  the  modiolus  toward  the  tympanic  cavity  and  vestibule,  and 
presents  three  openings.  One,  the  fenestra  cochleae,  communicates  with  the  tym- 
panic cavity — in  the  recent  state  this  aperture  is  closed  by  the  secondary  tympanic 
membrane;  another,  of  an  elliptical  form,  opens  into  the  vestibule.  The  third  is  the 
aperture  of  the  aquaeductus  cochleae,  leading  to  a  minute  funnel-shaped  canal, 
which  opens  on  the  inferior  surface  of  the  petrous  part  of  the  temporal  bone 
and  transmits  a  small  vein,  and  also  forms  a  communication  between  the 
subarachnoid  cavity  and  the  scala  tympani. 

The  osseous  spiral  lamina  (lamina  spiralis  ossea)  is  a  bony  shelf  or  ledge  which  pro- 
jects from  the  modiolus  into  the  interior  of  the  canal,  and,  like  the  canal,  takes  two- 
and  three-quarter  turns  around  the  modiolus.  It  reaches  about  half-way  toward 
the  outer  wall  of  the  tube,  and  partially  divides  its  cavity  into  two  passages  or 
scalse,  of  which  the  upper  is  named  the  scala  yestibuU,  while  the  lower  is  termed 
the  scala  tsrmpani.  Near  the  summit  of  the  cochlea  the  lamina  ends  in  a  hook- 
shaped  process,  the  hamulus  laminae  spiralis;  this  assists  in  forming  the  boundary 
of  a  small  opening,  the  helicotrema,  through  which  the  two  scalae  communicate 
with  each  other.  From  the  spiral  canal  of  the  modiolus  numerous  canals  pass  out- 
ward through  the  osseous  spiral  lamina  as  far  as  its  free  edge.  In  the  lower  part 
of  the  first  turn  a  second  bony  lamina,  the  secondary  spiral  lamina,  projects  inward 
from  the  outer  wall  of  the  bony  tube;  it  does  not,  however,  reach  the  primary 
osseous  spiral  lamina,  so  that  if  viewed  from  the  vestibule  a  narrow  fissure,  the 
yestibule  fissure,  is  seen  between  them. 

The  osseous  labyrinth  is  lined  by  an  exceedingly  thin  fibro-serous  membrane; 
its  attached  surface  is  rough  and  fibrous,  and  closely  adherent  to  the  bone;  its 
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free  surface  is  smooth  and  pale,  covered  with  a  layer  of  epithelium,  and  secretes 
a  thin,  limpid  fluid,  the  perilrtnph.  A  delicate  tubular  process  of  this  membrane 
is  prolonged  along  the  aqueduct  of  the  vestibule  to  the  inner  surface  of  the  dura 
mater. 


Fig.  880.— Tbc  membruiaua  labyriatb.     (Enlarged. 


The  Membranous  Labyrinth  {labyrinthtis  memhranaceua)  (Figs.  880, 881 ,  882). — 
The  membranous  labyrinth  is  lodged  within  the  bony  cavities  just  described, 
and  has  the  same  general  form  as  these;  it  is,  however,  considerably  smaller,  and 


is  partly  separated  from  the  bony  walls  by  a  quantity  of  fluid,  the  perilymph.  In 
certain  places  it  is  fixed  to  the  walls  of  the  cavity.  The  membranous  labyrinth 
contains  fluid,  the  endolymph,  and  on  its  walls  the  ramifications  of  the  acoustic 
nerve  are  distributed. 


1062     ORGANS  OF  THE  SENSES  AI^D  THE  COMMON  INTEGUMENT 

Within  the  osseous  vestibule  the  membranous  labyrinth  does  not  quite  preserve 
the  form  of  the  bony  cavity,  but  consists  of  two  membranous  sacs,  the  utricle, 
and  the  saccule. 

The  Utricle  {vinculua). — The  utricle,  the  larger  of  the  two,  is  of  an  oblong  form, 
compressed  transversely,  and  occupies  the  upper  and  back  part  of  the  vestibule, 
lying  in  contact  with  the  recessus  ellipticus  and  the  part  below  it.  That  portion 
which  is  lodged  in  the  recess  forms  a  sort  of  pouch  or  cul-de-sac,  the  floor  and  ante- 
rior wall  of  which  are  thickened,  and  form  the  macula  acustica  utiiculi,  which  receives 
the  utricular  filaments  of  the  acoustic  nerve.  The  cavity  of  the  utricle  communi- 
cates behind  with  the  semicircular  ducts  by  five  orifices.  From  its  anterior  wall  is 
given  off  the  dnctos  atricolosaccolaris,  which  opens  into  the  ductus  endolymphaticus. 


Fio.  SS2.— Tbs  Bume  from  Che  poslero-medial  aqiect.  (G.  Retnui.) 
2.  Poeterior  cmnft];  2',  iui  hmpullK.  3.  Superior  caqal;  3'.  iu  unpulu- 
ciuutli  liinuf  uln'culi  mperior).    S.  Utricle.    G'.  Recuaua  utiiculi.     5 

lympbiliciu.    7.  Cuiftlu  utriculsnFcubuti.    g.  Nerve  to  unputia  of  aupenor  cumai.      u,  nerve  v 
eaoal.    10.  Nerve  to  receesus  utriculi  (in  Fig.  gSl,  the  three  branches  appeir  conjoiaed).     10'. 

mombnuie.     15.'  Nerve  Bbrei  to  macula  of  uccule.     16.  Nem  to  ampulla  of  pogterior  canal.    T7~Saccule7' 
SecocdaTY  membrane  of  tympanum.     19.  Canalu  rcuaienA.    20.  Vestibul&r  eod  of  duQtua  cochlearia.    23.  BectioD 
of  the  facial  and  acoustic  nerves  within  interaa!  acoustic  meatus  (the  separatiOD  between  them  is  not  apparent  Iq  the 

The  Saccule  (aaccw/ua).— The  saccule  is  the  smaller  of  the  two  vestibular  sacs; 
it  is  globular  in  form,  and  lies  in  the  recessus  sphaericus  near  the  opening  of  the 
scala  vestibuli  of  the  cochlea.  Its  anterior  part  exhibits  an  oval  thickening,  the 
macula  acoatica  sacculi,  to  which  are  distributed  the  saccular  filaments  of  the 
acoustic  nerve.  Its  cavity  does  not  directly  communicate  with  that  of  the  utricle. 
From  the  posterior  wall  a  canal,  the  ductus  endolTmphaticus,  is  given  off;  this  duct 
is  joined  by  the  ductus  utriculosaccularis,  and  then  passes  along  the  aquaeductus 
vestibuli  and  ends  in  a  blind  pouch  (saccus  endolymphaticus)  on  the  posterior  sur- 
face of  the  petrous  portion  of  the  temporal  bone,  where  it  is  in  contact  with  the 
dura  mater.  From  the  lower  part  of  the  saccule  a  short  tube,  the  canalis  reuniens 
of  Hensen,  passes  downward  and  opens  into  the  ductus  cochlearis  near  its  vestibular 
extremity  (Fig.  8S0). 

The  Semicircular  Ducts  (dvefus  seinicirculares;  inembraiioua  semicirculaT  canals), 
(Figs.  881,  882). — The  semicircular  ducts  are  about  one-fourth  of  the  diameter 
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of  the  osseous  canals,  but  in  number,  shape,  and  general  form  they  are  precisely 
similar,  and  each  presents  at  one  end  an  ampulla.  They  open  by  five  orifices  into 
the  utricle,  one  opening  being  common  to  the  medial  end  of  the  superior  and  the 
upper  end  of  the  posterior  duct.  In  the  ampuUce  the  wall  is  thickened,  and  projects 
into  the  cavity  as  a  fiddle-shaped,  transversely  placed  elevation,  the  septum  trans- 
vsnuin,  in  which  the  nerves  end. 

The  utricle,  saccule,  and  semicircular  ducts  are  held  in  position  by  numerous 
fibrous  bands  which  stretch  across  the  space  between  them  and  the  bony  walls. 

Stmetnia  (Fig.  883). — The  walla  of  the  utricle,  saccule,  and  seDucircular  ducte  cooBist  of 
three  layers.  The  mUer  layer  is  a  looae  and  llocculent  structure,  appareotiy  composed  of  ordinary 
fibrous  tissue  containing  bloodvessels  and 

some  pigment-cells.     The    middU,iai/er,  . 

thicker  and  more  transparent,  forms  a 
homogeneous  membrana  propria,  and 
presents  on  its  internal  surfaee,  especially 
in  the  semicircular  ducts,  numerous 
papilliform  projections,  which,  on  the 
addition  of  acetic  acid,  exhibit  an  appear- 
ance of  longitudinal  fibrillation.  The 
inner  iayerisformed  of  polygonalnucleated 
epithelial  cells.  In  the  maculs  of  the 
utricle  and  saccule,  and  In  the  transverse 
septa  of  the  ampullee  of  the  semicircular 
ducts,  the  middle  coat  is  thickened  and 
the  epithelium  is  columnar,  and  consists 
of  snpportlnf  cella  and  hiir  uUa.  The 
former  are  fusiform,  and  their  deep  ends 
are  attached  to  the  membrana  propria, 
while  their  free  extremities  are  united  to 
form  a  thin  cuticle.  The  hair  cells  are 
Qask-ehaped,  and  their  deep,  rounded 
ends  do  not  reach  the  membrana  propria, 
but  lie  between  the  supporting  cells.  The 
deep  part  of  each  contains  a.  large  nucleus, 
while  its  more  superficial  part  is  granular 
and  pigmented.  The  free  end  is  sur- 
mounted by  a   long,   tapering,   hair-like 

filament,  which  projects  into  the  cavity.  2 

The  filaments  of  the  acoustic  nerve  enter 

these  parts,  and  having  pierced  the  outer  „d  du4^w?'RoS'ir^)*''lT™nut.r  i!"8^dJS^™^"°a. 
and  middle  layers,  they  lose  their  medul-  Perionaum.  3.  Senunrcuiu  c)ui:t.  with  4.  pspiiiifonn  pro- 
lary  sheaths,    and    their   axis-cyhnders    ^I^^J^ ^X^i^^m'^'^ti.  Fib«Sfb«d.*nS^''S,°.'f« 

ramify  between  the  hair  cells.  eurfaoe  of  the  duct  to  the  perioeleum.     7.  Veweli,     8.  Eado- 

Two    small    rounded  bodies    termed     l>'"'Ph.tic  mi».  8.  9,  Peniymph.t.^  ^m*. 
OtOMSift,    and   consisting  of   a   mass   of 

minute  crystalline  grains  of  carbonate  of  hme,  held  together  in  a  mesh  of  gelatinous  tissue, 
are  suspended  in  the  endolymph  in  contact  with  the  free  ends  of  the  hairs  projecting  from  the 
macule.  According  to  Bowman,  a  calcareous  material  is  also  sparingly  scattered  in  the  cells 
lining  the  ampullse  of  the  semicircular  ducts. 

The  Dactus  Cochleuis  {Tnembranous  cochlea;  scala  media).— The  ductus  cochlearis 
consists  of  a  spirally  arranged  tube  enclosed  in  the  bony  canal  of  the  cochlea  and 
lying  along  tt3  outer  wall. 

As  already  stated,  the  osseous  spiral  lamina  extends  only  part  of  the  distance 
between  the  modiolus  and  the  outer  wall  of  the  cochlea,  while  the  basilar  membrane 
stretches  from  its  free  edge  to  the  outer  wall  of  the  cochlea,  and  completes  the  roof 
of  the  scala  tympani.  A  second  and  more  delicate  membrane,  the  vestibular  mem- 
brane {Beiaaneri)  extends  from  the  thickened  periosteum  covering  the  osseous 
spiral  lamina  to  the  outer  wall  of  the  cochlea,  where  it  is  attached  at  some  little 
distance  above  the  outer  edge  of  the  basilar  membrane.  A  canal  is  thus  shut  oflf 
between  the  scala  tjmpani  below  and  the  scala  vestibuli  above;  this  is  the  dactus 
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cochleuis  or  sc»la  media  (Fig.  884).  It  is  triangular  on  transverse  section,  its  roof 
being  formed  by  the  vestibular  membrane,  its  outer  wall  by  the  periosteum  lining 
the  bony  canal,  and  its  floor  by  the  membrana  basilaris  and  the  outer  part  of  the 
lamina  spiralis  ossea.  Its  extremities  are  closed;  the  upper  is  termed  the  lagena 
and  is  attached  to  the  cupula  at  the  upper  part  of  the  helicotrema;  the  lower  is 
lodged  in  the  recessus  cochlearis  of  the  vestibule.    Near  the  lower  end  the  ductus 


FiQ.  aSI.—Diwrxmmstic  Laaiiludinia  nction  o[  tbe  cwhlM, 

cochlearis  is  brought  into  continuitj'  with  the  saccule  by  a  narrow,  short  canal, 
the  cuklu  reuniens  of  Hensen  {Fig.  880).  On  the  membrana  basilaris  is  situated 
the  spiral  organ  of  Corti.  The  vestibular  membrane  is  thin  and  homogeneous, 
and  is  covered  on  its  upper  and  under  surfaces  by  a  layer  of  epithelium.  The 
periosteum,  forming  the  outer  wall  of  the  ductus  cochlearis,  is  greatly  thickened 
and  altered  in  character,  and  is  called  the  spiral  ligament.  It  projects  inward  below 
as  a  triangular  prominence,  the  basilar  crest,  which  gives  attachment  to  the  outer 


edge  of  the  basilar  membrane;  immediately  abo\'e  the  crest  is  a  concavity,  the 
sulcus  spiralis  extemns.  The  upper  portion  of  the  spiral  ligament  contains  numerous 
capillary  loops  and  small  bloodvessels,  and  is,  termed  the  stria  Tascolaris. 

The  osseous  spiral  lamina  consists  of  two  plates  of  bone,  and  between  these  are 
the  canals  for  the  transmission  of  the  filaments  of  the  acoustic  ner\e.  On  the  upper 
plate  of  that  part  of  the  lamina  which  is  outside  the  vestibular  membrane,  the  perios- 
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teum  is  thickened  to  form  the  limbus  luninae  spiralis  (Fig.  885),  tfiis  ends  externally 
in  a  concavity,  the  sulcna  spiralis  intemus,  which  represents,  on  section,  the  form 
of  the  letter  C;  the  upper  part,  formed  by  the  overhanging  extremity  of  the  limbus, 
is  named  the  veitibolar  Up;  the  lower  part,  prolonged  and  tapering,  is  called  the 
tympanic  lip,  and  is  perforated  by  numerous  foramina  for  the  passage  of  the  cochlear 
nerves.  The  upper  surface  of  the  vestibular  lip  is  intersected  at  right  angles  by  a 
number  of  furrows,  between  which  are  numerous  elevations;  these  present  the 
appearance  of  teeth  along  the  free  surface  and  margin  of  the  lip,  and  have  been 
named  by  Huschke  the  aaditory  teeth  (Fig.  886).  The  limbus  is  covered  by  a  layer 
of  what  appears  to  be  squamous  epithelium,  but  the  deeper  parts  of  the  cells  with 
their  contained  nuclei  occupy  the  intervals  between  the  elevations  and  between  the 
auditory  teeth.  This  layer  of  epithelium  is  continuous  on  the  one  hand  with  that 
lining  the  sulcus  spiralis  intemus,  and  on  the  other  with  that  covering  the  under 
surface  of  the  vestibular  membrane. 
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Basilar  Membrane.— The  basilar  membrane  stretches  from  the  tympanic  lip  of 
the  osseous  spiral  lamina  to  the  basilar  crest  and  consists  of  two  parts,  an  inner 
and  an  outer.  The  inner  is  thin,  and  is  named  the  zona  arcuata :  it  supports  the  spiral 
organ  of  Corti,  The  outer  is  thicker  and  striated,  and  is  termed  the  sona  pectinata. 
The  under  surface  of  the  membrane  is  covered  by  a  layer  of  vascular  connective 
tissue;  one  of  the  vessels  in  this  tissue  is  somewhat  larger  than  the  rest,  and  is 
named  the  vas  spirals;  it  lies  below  Corti's  tunnel. 

The  spiral  organ  of  Corti  (oTganon  sptrale  [Cortl];  organ  of  Corti)  (Figs.  887,  888) 
is  composed  of  a  series  of  epithelial  structures  placed  upon  the  inner  part  of  the 
basilar  membrane.  The  more  central  of  these  structures  are  two  rows  of  rod-Hke 
bodies,  the  imier  and  oat«r  rods  or  pillars  of  Corti.  The  bases  of  the  rods  are  supported 
on  the  basilar  membrane,  those  of  the  inner  row  at  some  distance  from  those  of  the 
outer;  the  two  rows  incline  toward  each  other  and,  coming  into  contact  above, 
enclose  between  them  and  the  basilar  membrane  a  triangular  tunnel,  the  tunnfll 
ol  Corti.  On  the  inner  side  of  the  inner  rods  is  a  single  row  of  hair  cells,  and  on  the 
outer  side  of  the  outer  rods  three  or  four  rows  of  similar  cells,  together  with  certain 
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supporting  cells  termed  the  cells  of  Deiters  and  Hensen.  The  free  ends  of  the  outer 
hair  cells  occupy  a  series  of  apertures  in  a  net-like  membrane,  the  reticnltf  niembrass, 
and  the  entire  organ  is  covered  by  the  tectorial  membrane. 


j^ent  jioret  Basilar  monft.nw 

FiQ.  887. — SMtion  through  the  apiral  onnin  of  CoHJ.     Mutuifiod.     (G.  RBt»iu«.) 

Rods  of  Corti. — Each  of  these  consists  of  a  base  or  foot-plate,  and  elongated 
part  or  body,  and  an  upper  end  or  head ;  the  body  of  each  rod  is  finely  striated,  but 
in  the  head  there  is  an  oval  non-striated  portion  which  stains  deeply  with  carmine. 
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Occupying  the  angles  between  the  rods  and  the  basilar  membrane  are  nucleated 
cells  which  partly  envelop  the  rods  and  extend  on  to  the  floor  of  Corti's  tunnel ; 
these  maj-  be  looked  upon  as  the  undifferentiated  parts  of  the  cells  from  which  the 
rods  have  been  formed. 
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The  ixmer  rods  number  nearly  6000,  and  their  bases  rest  on  the  basilar  membrane 
close  to  the  tympanic  lip  of  the  sulcus  spiralis  internus.  The  shaft  or  body  of  each 
is  sinously  curved  and  forms  an  angle  of  about  60  degrees  with  the  basilar  mem- 
brane. The  head  resembles  the  proximal  end  of  the  ulna  and  presents  a  deep 
concavity  which  accommodates  a  convexity  on  the  head  of  the  outer  rod.  The 
head-plate,  or  portion  overhanging  the  concavity,  overlaps  the  head-plate  of  the 
outer  rod. 

The  outer  rods,  nearly  4000  in  number,  are  longer  and  more  obliquely  set  than  the 
inner,  forming  with  the  basilar  membrane  an  angle  of  about  40  degrees.  Their 
heads  are  convex  internally;  they  fit  into  the  concavities  on  the  heads  of  the  inner 
rods  and  are  continued  outward  as  thin  flattened  plates,  termed  phalangeal  processes, 
which  unite  with  the  phalangeal  processes  of  Deiters'  cells  to  form  the  reticular 
membrane. 

Hair  Cells. — ^The  hair  cells  are  short  columnar  cells;  their  free  ends  are  on  a  level 
with  the  heads  of  Corti's  rods,  and  each  is  surmounted  by  about  twenty  hair-like 
processes  arranged  in  the  form  of  a  crescent  with  its  concavity  directed  inward. 
The  deep  ends  of  the  cells  reach  about  half-way  along  Corti's  rods,  and  each  con- 
tains a  large  nucleus;  in  contact  with  the  deep  ends  of  the  hair  cells  are  the  terminal 
filaments  of  the  cochlear  division  of  the  acoustic  nerve.  The  inner  hair  cells  are 
arranged  in  a  single  row  on  the  medial  side  of  the  inner  rods,  and  their  diameters 
being  greater  than  those  of  the  rods  it  follows  that  each  hair  cell  is  supported  by 
more  than  one  rod.  The  free  ends  of  the  inner  hair  cells  are  encircled  by  a  cuticular 
membrane  which  is  fixed  to  the  heads  of  the  inner  rods.  Adjoining  the  inner 
hair  cells  are  one  or  two  rows  of  columnar  supporting  cells,  which,  in  turn,  are  con- 
tinuous with  the  cubical  cells  lining  the  sulcus  spiralis  internus.  The  outer  hair  cells 
number  about  12,000,  and  are  nearly  twice  as  long  as  the  inner.  In  the  basal  coil 
of  the  cochlea  they  are  arranged  in  three  regular  rows;  in  the  apical  coil,  in  four, 
somewhat  irregular,  rows. 

Between  the  rows  of  the  outer  hair  cells  are  rows  of  supporting  cells,  called  the 
cells  of  Deiters;  their  expanded  bases  are  planted  on  the  basilar  membrane,  while 
the  opposite  end  of  each  presents  a  clubbed  extremity  or  phalangeal  process.  Imme- 
diately to  the  outer  side  of  Deiters'  cells  are  five  or  six  rows  of  columnar  cells,  the 
supporting  cells  of  Hensen.  Their  bases  are  narrow,  while  their  upper  parts  are 
expanded  and  form  a  rounded  elevation  on  the  fioor  of  the  ductus  cochlearis. 
The  columnar  cells  lying  outside  Hensen's  cells  are  termed  the  cells  of  Claudius. 
A  space  exists  between  the  outer  rods  of  Corti  and  the  adjacent  hair  cells;  this  is 
called  the  space  of  Nuel. 

The  reticular  lamina  (Fig.  888)  is  a  delicate  frame-work  perforated  by  rounded 
holes  which  are  occupied  by  the  free  ends  of  the  outer  hair  cells.  It  extends  from 
the  heads  of  the  outer  rods  of  Corti  to  the  external  row  of  the  outer  hair  cells,  and 
is  formed  by  several  rows  of  "  minute  fiddle-shaped  cuticular  structures,"  called  pha- 
langes, between  which  are  circular  apertures  containing  the  free  ends  of  the  hair  cells. 
The  inner  most  row  of  phalanges  consists  of  the  phalangeal  processes  of  the  outer 
rods  of  Corti;  the  outer  rows  are  formed  by  the  modified  free  ends  of  Deiters'  cells. 

Covering  the  sulcus  spiralis  internus  and  the  spiral  organ  of  Corti  is  the  tectorial 
membrane,  which  is  attached  to  the  limbus  laminae  spiralis  close  to  the  inner  edge 
of  the  vestibular  membrane.  Its  inner  part  is  thin  and  overlies  the  auditory  teeth 
of  Huschke;  its  outer  part  is  thick,  and  along  its  lower  edge,  opposite  the  inner 
hair  cells,  is  a  clear  band,  named  Hensen's  stripe.  The  lateral  margin  of  the 
membrane  is  much  thinner,  and  is  attached  to  the  outer  row  of  Deiters'  cells 
(Retzius). 

The  acoustic  nerve  (n.  acvMicus;  auditory  nerve  or  nerve  of  hearing)  divides  near 
the  bottom  of  the  internal  acoustic  meatus  into  an  anterior  or  cochlear  and  a 
posterior  or  vestibular  branch. 
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The  vestibular  nenre  (n.  vestibuhiTia)  supplies  the  utricle,  the  saccule,  and  the 
ampullee  of  the  semicircular  ducts.  On  the  trunk  of  the  nerve,  within  the  internal 
acoustic  meatus,  is  a  ganglion,  the  vestibular  lanflioa  {ganglion  of  Scarpa) ;  the 
fibres  of  the  nerve  arise  from  the  cells  of  this  ganglion.  On  the  distal  side  of  the 
ganglion  the  nerve  splits  into  a  superior,  an  inferior,  and  a  posterior  branch.'  The 
filaments  of  the  superior  branch  are  transmitted  through  the  foramina  in  the  area 
vestibularis  superior,  and  end  in  the  macula  of  the  utricle  and  in  the  ampullee 
of  the  superior  and  lateral  semicircular  ducts;  those  of  the  inferior  branch  traverse 
the  foramina  in  the  area  vestibularis  inferior,  and  end  in  the  macula  of  the  saccule. 
The  posterior  branch  runs  through  the  foramen  singulare  at  the  postero-inferior 
part  of  the  bottom  of  the  meatus  and  divides  into  filaments  for  the  supply  of  the 
ampulla  of  the  posterior  semicircular  duct. 

The  cochlear  nerve  (n.  cochharis)  divides  into  numerous  filaments  at  the  base  of  the 

modiolus;  those  for  the  basal  and  middle  coils  pass  through  the  foramina  in  the 

tractus  spiralis  foraminosis,  those  for 

Nervt-fibra  pateing  mu  the  apical  cojl  through  the  canalis  cen- 

°7!r   'A"  mXlii'^riril         "«>».  '-J  *«  nerve,  bend  outward  to 

pass  between  the  lamellte  of  the  osseous 

spiral   lamina.    Occupying  the   spiral 

canaJ    of   the   modiolus   is   the   spiral 

Kanglion   of   the   cochlea    {ganglion  of 

CoTti)  (Fig,  889),  consisting  of  bipolar 

nerve  cells,  which  constitute  the  cells 

of  origin  of  this  nerve.    Reaching  the 

outer  edge  of  the  osseous  spiral  lamina, 

the  fibres  of  the  nerve  pass  through 

the  foramina  in  the  tympanic  !i]);  some 

"'       "nen-e.iii^i' ttianificd^Heoie,)  *"*"""'      end  by  arborizing  around  the  bases  of 

the  inner  hair  cells,  while  others  pass 

between  Corti's  rods  and  across  the  tunnel,  to  end  in  a  similar  manner  in  relation 

to  the   outer  hair  cells.    The  cochlear  nerve  gives  off  a  vestibular  branch  to 

supply  the  vestibular  end  of  the  ductus  cochlearis;  the  filaments  of  this  branch  pass 

through  the  foramina  in  the  fossa  cochlearis  (page  1058). 

VoBsela. — The  artsneB  of  the  labyrinth  are  the  internal  auditory,  from  the  bsBilar,  and  the 

Btyiomastoid,  from  the  posterior  auricular.  The  internal  auditory  artery  divides  at  the  bottom 
of  the  internal  acoustic  rneatus  into  two  branches:  cochlear  and  vestibular.  The  cochlear 
braDch  subdivides  into  twelve  or  fourteen  twigs,  which  traverse  the  canals  in  the  modiolua, 
aod  are  distributed,  in  the  form  of  a  capillary  network,  in  the  lamina  spiralis  and  basilar  mem- 
brane.   The  vestibular  branches  are  distributed  to  the  utricle,  saccule,  and  semicircular  ducts. 

The  veini  of  the  vestibule  and  semicircular  canals  accompany  the  arteries,  and,  receiving 
those  of  the  cochlea  at  the  base  of  the  modiolus,  unite  to  form  the  internal  auditory  veins  which 
end  in  the  posterior  part  of  the  superior  petrosal  sinus  or  in  the  transverse  sinus. 

Applied  Anatom]'. — The  diseased  conditions  which  may  be  found  in  the  internal  ear  usually 
result  from  the  spread  of  a  suppuralive  process  from  the  middle  ear — thus  in  chronic  suppuration 
of  the  latter,  dewtruction  of  the  internal  ear  may  take  place,  with  necrosis  of  parts  of  the  cochlea 
or  vestibule  Such  cases  will  be  associated  with  "nerve  deafness,"  and  the  disease  may  spread 
by  means  of  the  sheaths  of  the  facial  and  acoustic  nerves  into  the  posterior  Fossa  of  the  skull. 

Hemorrhage  occasionally  occurs  into  the  labyrinth  in  certain  blood  disorders,  resulting  in 
complete  nerve  deafnel^^,  and  such  conditions  may  be  associated  with  symptoms  known  as 
M^ntbre't  disease,  vertifco,  giddmess.  and  tinnitus.  Nerve  deafness  is  diagnosticated  when  all 
"bone-conduction"  oF  sound  is  lost,  and  is  most  commonly  seen  in  patients  suffering  from 
conRenital  syphilis,  many  deaf-mutes  being  the  subjects  of  this  condition. 

•  The  BFt^e  aanKtimci  xplils  on  the  proiiniBl  side  of  the  lanKlion.  met  <he  lstt«r  is  llien  divided  into  three  patti. 
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The  peripheral  terminations  of  the  oervea  associated  with  general  sensations,  i.  e.,  the  mus- 
cular sense  and  the  senses  of  heat,  cold,  pain,  and  pressure,  are  widely  distributed  throughout 
the  body.  These  nerves  may  end  free  among  the  tissue  elements,  or  in  apecUU  end-organs  where 
the  terminal  nerve  filaments  are  enclosed  in  capaitlea. 

Frea  n«rTe-alidillcB  occur  chiefly  in  the  epidermie  and  in  the  epithelium  covering  certain 
mucous  membranes;  they  are  well  seen  also  in  the  stratified  squamous  epitheliimi  of  the  cornea, 
and  are  also  found  in  the  root-sheatha  and  papills  of  the  hairs,  and  around  the  bodies  of  the 
Budoriferous  glands.  When  the  nerve  fibre  approaches  its  termination,  the  medullary  sheath 
suddenly  disappears,  leaving  only  the  axis-cyUnder  surrounded  by  the  neurolemma.  After  a  time 
the  fibre  loses  its  neurolemma,  and  consists  only  of  an  axis-cylinder,  which  can  be  seen,  in 
preparations  stained  with  chloride  of  gold,  to  be  made  up  of  fine  varicose  fibrilte.  Finally,  the 
axis-cylinder  breaks  up  into  its  constituent  fibrillar  which  often  present  regular  varicosities  and 
anastomose  with  one  another,  and  end  in  small  knobs  or  disks  between  the  epithelial  cells. 

Under  this  heading  may  be  classed  the  tactOft  diski  described  by  Merkel  as  occurring  in  the 
epidermis  of  the  pig's  enout,  where  the  fibrills  of  the  axis-cylinder  end  in  cup-shaped  disks  in 
apposition  with  large  epithelial  cells. 

The  spMlal  end-orfuu  exhibit  great  variety  in  size  and  shape,  but  have  one  feature  in  common- 
vii.,  the  terminal  nerve  fibrillie  are  enveloped  by  a  capaule.  Included  in  this  group  ore  the  end, 
bulbs  of  Krause,  the  corpuecles  of  Grandiy,  of  Pacini,  of  Golgi  and  MazEoni,  of  Wagner  and 
Meissner,  and  the  neurotendinous  and  neuromuscular  spindles. 

The  and-bolba  of  Ktadm  (Fig.  890)  are  minute  cyUndrical  or  oval  bodies,  consisting  of  a 
capsule  formed  by  the  expansion  of  the  connective-tissue  sheath  of  a  meduUated  fibre,  and 
containing  a  soft  semifluid  core  in  which  the  axis-cylinder 
terminates  either  in  a  bulbous  extremity  or  in  a  coiled-up 
plexiform  mass.  End-bulbs  are  found  in  the  conjunctiva 
of  the  eye  {where  they  are  spheroidal  in  shape  in  man,  but 
cylindrical  in  most  other  animals),  in  the  mucous  mem- 
brane of  the  lips  and  tongue,  and  in  the  epineurium  of 
nerve  trunks.  They  are  also  found  in  the  penis  and  the 
clitoris,  and  have  received  the  name  of  fenital  eorpuielu; 
in  these  situations  they  have  a  mulberry-like  appearance, 
being  constricted  by  connective-tissue  septa  into  from  two 
to  six  knob-like  masses.  In  the  synovial  membranes  of 
certain  joints,  e.  g.,  those  of  the  fingers,  rounded  or  oval 
end-bulbs  occur,  and  are  designated  articular  end-inilbs. 

The  toetila  corposcloi  ol  OroiUUy  occur  in  the  papillfe  of 
the  beak  and  tongue  of  birds.  £ach  consists  of  a  capsule 
composed  of  a  very  delicate,  nucleated  membrane,  and 
contains  two  or  more  granular,  somewhat  flattened  cells; 
between  theee  cells  the  axis-cylinder  ends  in  flattened  disks.        „      „^       c.  j  i,  .t      ,1,      _ 

The  Podnum  corpnsclas     (Fig.   891)     are    found  m  the      MedullatHl    nerv<    fibre,     b.  Opnlg    ol 
subcutaneous  tissue  on  the  nerves  of  the  palm  of  the  hand     corpuBcb.    (Klein.) 
and  sole  of  the  foot  and  in  the  genital  organs  of  both  sex«; 

they  also  occur  in  connection  with  the  nerves  of  the  joints,  and  in  some  other  situations,  as  in 
the  mesentery  and  pancreas  of  the  cat  and  along  the  tibia  of  the  rabbit.  Each  of  these  corpus- 
cles is  attached  to  and  encloses  the  termination  of  a  single  nerve  fibre.  The  corpuscle,  which  is 
perfectly  visible  to  the  naked  eye  (and  which  can  be  most  easily  demonstrated  in  the  mesentery 
of  a  cat),  consists  of  a  number  of  lamelhc  or  capsules  arranged  more  or  less  concentrically 
around  a  centra!  clear  space,  in  which  the  nerve-fibre  is  contained.  Each  lamella  is  composed  of 
bundles  of  fine  connective-tissue  fibres,  and  is  lined  on  its  inner  surface  by  a  ainRle  layer  of 
flattened  epithehoid  cells.  The  central  clear  space,  which  is  elongated  or  cylindrical  in  shape, 
is  filled  with  a  transparent  core,  in  the  middle  of  which  the  oxia-cyhnder  traverses  the  space 
to  near  its  distal  extremity,  where  it  ends  in  one  or  more  small  knobs.  Todd  and  Bowman 
have  described  minute  arteries  aa  entering  by  the  sides  of  the  nerves  and  forming  capillary 
loops  in  the  intercapsular  spaces,  and  even  penetrating  into  the  central  space. 

Herbst  has  described  a  nerve-ending  somewhat  similar  to  the  Pacinian  corpuscle,  in  the  mucous 
membrane  of  the  tongue  of  the  duck,  and  in  some  other  situations.  It  difTers,  however,  from 
the  Pacinian  corpuscle,  in  being  smaller,  in  its  capsules  being  more  closely  approximated,  and 
especially  in  the  fact  that  the  axis  cylinder  in  the  central  clear  space  is  coated  with  a  continuous 
row  of  nuclei.    These  bodies  are  known  as  the  corpasclei  of  Herbst. 

The  coipnictos  of  Oolfi  and  Mouoni  are  found  in  the  subcutaneous  tissue  of  the  pulp  of 
the  fingers.  They  differ  from  Pacinian  corpuscles  in  that  their  capsules  are  thinner,  their  con- 
tained cores  thicker,  and  in  the  latter  the  axis-cylinders  ramify  more  extensively  and  end  in 
flat  expansions. 
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The  taetU*  eoipoaclu  of  Wacnw  >nd  Meissnw  (Fig.  892)  are  oval-shaped  bodies.  Each 
is  enveloped  by  a  connective-tissue  capsule,  and  imperfect  membranous  septa  derived  from  this 
penetrate  the  interior.  The  axis-cylinder 
passes  through  the  capsule,  and  after  making 
several  spiral  turns  around  the  body  of  the 
corpuscle  ends  in  small  globular  or  pyriform 
enlargements.  These  tactile  corpuscles  occur 
in  the  papille  of  the  corium  of  the  hand  and 
foot,  the  front  of  the  forearm,  the  skin  of  the 
lips,  the  mucous  membrane  of  the  tip  of  the 
tongue,  the  palpebral  conjunctiva,  and  the 
skin  of  the  mammary  papilla. 

CoipDaclMot  Rufflnl.— Ruffini  described  a 
special  variety  of  nerve-ending  in  the  subcuta- 


Fio,  8B1.— PscioiaQ  corpuscle,  aitli  ila  sy]ll«ni  of 


V:a,  892.— Papilla  of  the  huid.  tieatsd  wiUi  uetio 
■cid.  Magnified  350  times,  A.  Side  view  a(  a  papilla 
of  the  haad.  a.  Coftical  tay^r.  fr.  Tactila  corpuicle.  e. 
Small  nerve  of  the  papilla,  wilii  tMUrolemms.  d.  Ita  two 
nervoui  6bre3  runnuiE  wilh  spiral  ooila  atouod  Ihe  tactile 
corpuscle.,  (.Apparent termiDalloa of  ODGoftfaeac  fibres. 

Outer  layer  al  the  tactile  body,   nilh   nuclei,    d.  Clear 


■eapaulea  and  eenUmt  ci 

tntercapsuUr  qiaiea,  . 
tral  oapiule.  i.  The 
NfiTTD  tub«  adTBDClnj 

axis  to  the  oppoaite  ci 

lated  enlargement,  intenor  ouoaiance- 

neous  tissue  of  the  hOman  finger  (Fig,  893);  they  are  principally  situated  at  the  junction  ot  the 
corium  with  the  subcutaneous  tissue.  They  are  oval  in  shape,  and  consist  of  strong  connective- 
tissue  sheaths,  inside  which  the  nerve-fibres  divide  into  numerovis  branches,  which  show  vari- 
cositiee  and  end  in  small  free  knobs. 


Conneclive  litfut  tlitath 


Fta.  Sea.—Nonro  ending  ot  RufGni.      (Afuir  A.  Ruffini.) 

The  naurotendinoiu  spindlM  (organe  of  Golgi)  are  chiefly  found  near  the  junctions  of  tendons 
and  muscles.  Each  is  enclosed  in  a  capsule  which  contains  a  number  of  enlarged  tendon  fasciculi 
{intrafuaai  faecicUi).  One  or  more  nerve  fibres  perforate  the  side  of  the  capsule  and  lose  their 
medullary  sheaths;  the  axis-cylinders  subdivide  and  end  between  the  tendon  fibres  in  irregular 
disks  or  varicosities  (Fig.  804). 
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The  nenromiuealkr  apindlet  are  present  in  the  majority  of  voluntary  muscles,  and  consiat 
erf  small  bundles  of  peculiar  mufloular  fibrea  (intrafusal  fibreg),  embryonic  in  type,  invested  bj 
capsules,  within  which  nen-e  fibres,  experimentally  shown  to  be  sensory  in  origin,  terminate. 


Muscular  fibres 
Fid.  SM. — Orgui  a(  Golci  (DeucoUadinoiK  apiiidla)  from  tlie  hunuui  Undo  caLcuisua.     (Attar  CUoeio.) 

These  neuromuscular  spindles  vary  in  length  from  0.8  mm.  to  5  mm.,  and  have  a  distinctly 
fusiform  appearance.  The  lat^  medullated  nerve  fibres  passing  to  the  end-organ  are  from 
one  to  three  or  four  in  number;  entering  the  fibrous  capsule,  they  divide  several  times,  and, 


losing  their  medullary  sheath^,  ultimately  end  in  naked  axis-cylinders  encircling  the  intrafusal 
fibres  by  flattened  expaiuions,  or  irregular  ovoid  or  rounded  disks  (Fig.  S9d).  Neuromuscular 
epindlee  have  not  yet  be«n  demonstrated  in  the  tongue  muscles,  and  only  a  few  exist  in  the 
ocular  muscles. 

THE  COMMON  XNTEGITMENT  (INTEGUMEMTUM  COMMUNE;  8EIN). 

The  interiuneiit  (Fig.  896)  covers  the  body  and  protects  the  deeper  tissues; 
it  contains  the  peripheral  endings  of  many  of  the  sensory  nenes;  it  plajs  an  impor- 
tant part  in  the  regulation  of  the  body  temperature,  and  has  also  limited  excretory 
and  absorbing  powers.  It  consists  principally  of  a  layer  of  vascular  connective 
tissue,  named  the  corium  or  cutis  vera,  and  an  external  covering  of  epithelium, 
termed  the  epidermis  or  cuticle.  On  tlie  surface  of  the  former  layer  are  sensitive 
and  vascnlar  papillte  within,  or  beneath  it,  are  certain  organs  with  special  func- 
tions; namely,  the  sudoriferous  and  sebaceous  glands,  and  the  hair  follicles. 

The  epidermis,  caticle,  or  scarf  skin  is  non-vascular,  and  consists  of  stratified 
epithelium  (Fig.  897),  and  is  accurately  moulded  on  the  papillarj^  layer  of  the  corium. 
It  varies  in  thickness  in  different  parts.  In  some  situations,  as  in  the  palms  of  the 
hands  and  soles  of  the  feet,  it  is  thick,  hard,  and  horny  in  texture.    This  may  be  in 
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a  measure  due  to  the  fact  that  these  parts  are  exposed  to  intermittent  pressure, 
but  that  this  is  not  the  only  cause  is  proved  by  the  fact  that  the  condition  exists 
to  a  very  considerable  extent  at  birth.  The  more  superficial  layers  of  cells,  called 
the  homy  layer  (stratum  comeum),  may  be  separated  by  maceration  from  a  deeper 
stratum,  which  is  called  the  stratum  mucosmn,  and  which  consists  of  several  layers 
of  differently  shaped  cells.  The  free  surface  of  the  epidermis  is  marked  by  a 
net-work  of  linear  furrows  of  variable  size,  dividing  the  surface  into  a  number  of 
polygonal  or  lozenge-shaped  areas.  Some  of  these  furrows  are  large,  as  opfwsite  the 
flexures  of  the  joints,  and  correspond  to  the  folds  in  the  corium  produced  by  move- 


Durto/ 


AdipMe  timut 


Fia.  SM. — A  riiagrummatic  Kctiaaal  view  of  ttae  ikln  (maenified). 

ments.  In  other  situations,  as  upon  the  back  of  the  hand,  they  are  exceedingly 
fine,  and  intersect  one  another  at  various  angles.  I'pon  the  palmar  surfaces  of  the 
hands  and  fingers,  and  upon  the  soles  of  the  feet,  these  lines  are  very  distinct, 
and  are  disposed  in  curves;  they  depend  up<»n  the  large  size  and  peculiar  arrange- 
ments of  the  papillee  upon  which  the  epidermis  is  placed.  In  each  individual  the 
lines  on  the  tips  of  the  fingers  and  thumbs  form  distinct  patterns  unlike  those  of 
any  other  person.  A  method  of  determining  the  identity  of  a  criminal  is  based  on 
this  fact,  impressions  "finger-prints"  of  these  lines  being  made  on  paper  covered 
with  soot,  or  on  wliite  paper  after  first  covering  the  fingers  with  ink.    The  deep 
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surface  of  the  epidermis  is  accurately  moulded  upon  the  papillary  layer  of  the 
corium,  the  papillae  being  covered  by  a  basement  membrane;  so  that  when  the 
epidermis  is  removed  by  maceration,  it  presents  on  its  under  surface  a  number  of 
pits  or  depressions  corresponding  to  the  papillee,  and  ridges  corresponding  to  the 
intervals  between  them.  Fine  tubular  prolongations  are  continued  from  this 
layer  into  the  ducts  of  the  sudoriferous  and  sebaceous  glands. 


Straltim  conteum 


Stratam  laeidmn 
Straluia  granvlotum 


Stratum  gcrmtnalivum 


F\a.  so;.— Seelion  of  epklermiii.     IRinvier.) 

The  epidermis  consists  of  stratified  epithelium  which  is  arranged  in  four  lajers 
from  within  outward  as  follows:  (a)  stratum  moeosom,  (6)  stratam  granulosimi,  (c) 
stratam  lacidnm,  and  {d)  stratum  comeum. 

The  stratum  milcosmD  (mucovs  layer)  is  composed  of  several  layers  of  cells;  those 
of  the  deepest  lajer  are  columnar  in  shape  and  placed  perpendicularly  on  the 
surface  of  the  basement  membrancj  to  which  thej'  are  attached  by  toothed  extrem- 
ities; this  dee/est  layer  is  sometimes  termed  the  Btratnm  Kennin&tiTum;  the  succeed- 
mg  strata  cofnsist  of  cells  of  a  more  rounded  or  polyhedral  form,  the  contents  of 
which  are  scft,  opaque,  granular,  and  soluble  in  acetic  acid.  These  are  known  as 
pncKie  cells  because  of  the  bridges  by  which  they  are  connected  to  one  another 
(see  page  3fl).  They  contain  fine  fibrils  which  arc  continuous  across  the  connecting 
processes  with  corresponding  fibrils  in  adjacent  cells.  Between  the  bridges  are 
fine  mtercellular  clefts  serving  for  the  passage  of  lymph,  and  in  these,  lymph 
corpuscles  i,i-  pigment  granules  may  be  found. 

The  Btru-mQ  granolosmn  comprises  two  or  three  layers  of  flattened  cells  which 
L'ontain  gOanules  of  eleidin,  a  substance  readily  stained  by  hematoxylin  or  carmine, 
and  probi,|,[y  ^t,  intermediate  substance  in  the  formation  of  keratin.  They  are 
supposed  Lq  |.,p  ceiig  jj,  ^  transitional  stage  between  the  protoplasmic  ceils  of  the 
stratum  »,ucosum  and  the  horny  cells  of  the  superficial  layers. 

The  stTHmjQ  lucidum  appears  in  section  as  a  homogeneous  or  dimly  striated  mem- 
brane, (^ornpyyed  of  closel*.'  packed  cells  in  which  traces  of  flattened  nuclei  may  be 
found,  antSjj,  which  minute  granules  of  a  substance  named  keratokyaUn  are  present. 
The  atrM;;ujQ  comeum  {hnrny  layer)  consists  of  se\eral  lajers  of  horny  epithelial 
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scales  in  which  no  nuclei  are  discernible,  and  which  are  unaffected  by  acetic  acid,  the 
protoplasm  having  become  changed  into  horny  material  or  keratin.  According  to 
Ranvier  they  contain  granules  of  a  material  which  has  the  characteristics  of  beeswax. 

The  black  color  of  the  skin  in  the  negro,  and  the  tawny  color  among  some  of 
the  white  races,  is  due  to  the  presence  of  pigment  in  the  cells  of  the  epidermis. 
This  pigment  is  more  especially  distinct  in  the  cells  of  the  stratum  mucosum,  and 
is  similar  to  that  found  in  the  cells  of  the  pigmentary  layer  of  the  retina.  As  the 
cells  approach  the  surface  and  desiccate,  the  color  becomes  partially  lost;  the 
disappearance  of  the  pigment  from  the  superficial  layers  of  the  epidermis  is, 
however,  difficult  to  explain. 

The  Cerium,  Cutis  Vera,  Dermis,  or  True  Skin  is  tough,  flexible,  and  highly 
elastic.  It  varies  in  thickness  in  different  parts  of  the  body.  Thus  it  is  very 
thick  in  the  palms  of  the  hands  and  soles  of  the  feet;  thicker  on  the  posterior  aspect 
of  the  body  than  on  the  front,  and  on  the  lateral  than  on  the  medial  sides  of  the 
limbs.    In  the  eyelids,  scrotum,  and  penis  it  is  exceedingly  thin  and  delicate. 

It  consists  of  felted  connective  tissue,  with  a  varying  amount  of  elastic  fibres 
and  numerous  bloodvessels,  lymphatics,,  and  nerves.  The  connective  tissue  is 
arranged  in  two  layers:  a  deeper  or  reticular,  and  a  superficial  or  papillary.  Un- 
striped  muscular  fibres  are  found  in  the  superficial  layers  of  the  corium,  wherever 
hairs  are  present,  and  in  the  subcutaneous  areolar  tissue  of  the  scrotum,  penis, 
labia  majora,  and  nipples.  In  the  nipples  the  fibres  are  disposed  in  bands,  closely 
reticulated  and  arranged  in  superimposed  laminse. 

The  reticular  layer  {stratum  reticidare;  deep  layer)  consists  of  strong  interlacing 
bands,  composed  chiefly  of  white  fibrous  tissue,  but  containing  some  fibres  of  yellow 
elastic  tissue,  which  vary  in  number  in  different  parts;  and  connective-tissue  cor- 
puscles, which  are  often  to  be  found  flattened  against  the  white  fibrous  tissue  bundles 
Toward  the  attached  surface  the  fasciculi  aft  large  and  coarse,  and  the  areolae 
left  by  their  interlacement  are  large,  and  occupied  by  adipose  tissue  and  sweat 
glands.  Below  the  reticular  layer  is  the  subcutaneous  areolar  tissue,  which,  except 
in  a  few  situations,  contains  fat. 

The  papillary  layer  {stratum  papillare;  superfidai  layer:  corpus  papillare  of  the 
corium)  consists  of  numerous  small,  highly  sensitive,  and  vascular  eminences, 
the  papilte,  which  rise  perpendicularly  from  its  surface.  The  papillae  are  minute 
conical  eminences,  having  rounded  or  blunted  extremities,  occasionally  divided 
into  two  or  more  parts,  and  are  received  into  corresponding  pits  on  the  under 
surface  of  the  cuticle.  On  the  general  surface  of  the  body,  more  especially  in  parts 
endowed  with  slight  sensibility,  they  are  few  in  number,  and  exceedingly  minute;  but 
in  some  situations,  as  upon  the  palmar  surfaces  of  the  hands  and  fingers,  and  upon 
the  plantar  surfaces  of  the  feet  and  toes,  they  are  long,  of  large  size,  closely  aggre- 
gated together,  and  arranged  in  parallel  curved  lines,  forming  the  elevated  ridges 
seen  on  the  free  surface  of  the  epidermis.  Each  ridge  contains  two  rows  of  papillae, 
between  which  the  ducts  of  the  sudoriferous  glands  pass  outward  to  open  on  the 
summit  of  the  ridge.  Each  papilla  consists  of  very  small  and  closely  interlacing 
bundles  of  finely  fibrillated  tissue,  with  a  few  elastic  fibres;  within  this  tissue  is  a 
capillary  loop,  and  in  some  papillae,  especially  in  the  palms  of  the  hands  and  the 
fingers,  there  are  tactile  corpuscles.  , 

The  arteries  supplying  the  skin  form  a  net-work  in  the  subcutaneous  tissue,  ai^d  from  this 
net-work  branches  are  given  off  to  supply  the  sudoriferous  glands,  the  hair  follicles,  and  the 
fat.  Other  branches  unite  in  a  plexus  immediately  beneath  the  corium;  from  thi&|  plexus,  fine 
capillary  vessels  pass  into  the  papillse,  forming,  in  the  smaller  ones,  a  single  capillary  loop,  but 
in  the  larger,  a  more  or  less  convoluted  vessel.  The  lymphatic  vessels  of  the  skin  form  two 
net-works,  superficial  and  deep,  which  communicate  with  each  other  and  with  thoso  of  the  sub- 
cutaneous tissue  by  oblique  branches.  f 

The  nerves  of  the  skin  terminate  partly  in  the  epidermis  and  partly  in  the  corium;  iheir  different 
modes  of  ending  are  described  on  pages  1069  to  1071. 
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THE  APFEHDAOES  OF  THE  SKIN. 

The  appendages  of  the  skio  are  the  n&Ua,  the  hairs,  and  the  sodorifeioiu  and 
wbaceons  Klanda  with  their  ducts. 

The  Nails  {ungues)  (Fig.'898)  are  flattened,  elastic  structures  of  a  horny  texture, 
placed  upon  the  dorsal  surfaces  of  the  terminal  phalanges  of  the  fingers  and  toes. 
Each  nail  is  convex  on  its  outer  surface,  concave  within,  and  is  implanted  by  a 
portion,  called  the  root,  into  a  groove  in  the  skin;  the  exposed  portion  is  called  the 
body,  and  the  distal  extrenjitj'  the  free  odfo.  The  nail  is  firmly  adherent  to  the 
cerium,  being  accurately  moulded  upon  its  surface;  the  part  beneath  the  body  and 
root  of  the  nail  is  called  the  nail  matrix,  because  from  it  the  nail  is  produced.  Under 
the  greater  part  of  the  body  of  the  nail,  the  matrix  is  thick,  and  raised  into  a  series 
of  longitudinal  ridges  which  are  very  vascular,  and  the  color  is  seen  through  the 
transparent  tissue.  Near  the  root  of  the  nail,  the  papillse  are  smaller,  less  vascular, 
and  have  no  regular  arrangement,  and  here  the  tissue  of  the  nail  is  more  opaque; 
hence  this  portion  is  of  a  whiter  color,  and  is  called  the  lomila  on  account  of  its 
shape. 


Fio.  SeS. — Longitudina]  Krlion  throuih  nnil  uid  iU  Dili]  groove  (lulcua)* 

The  cuticle  as  it  passes  forward  on  the  dorsal  surface  of  the  finger  or  toe  is 
attached  to  the  surface  of  the  nail  a  little  in  advance  of  its  root;  at  the  extremity 
of  the  finger  it  is  connected  with  the  under  surface  of  the  nail  a  little  behind  its 
free  edge.  The  cuticle  and  horny  substance  of  the  nail  (both  epidermic  structures) 
are  thus  directly  continuous  with  each  other.  The  superficial,  homy  part  of  the 
nail  consists  of  a  greatly  thickened  stratum  lucidum,  the  stratum  corneum  forming 
merely  the  thin  cuticular  fold  (eponychiom)  which  overlaps  the  lunula;  the  deeper 
part  consists  of  the  stratum  mucosum.  The  cells  in  contact  with  the  papillae  of  the 
matrix  are  columnar  in  form  and  arranged  perpendicularly  to  the  surface;  those 
which  succeed  them  are  of  a  rounded  or  polygonal  form,  the  more  superficial  ones 
becoming  broad,  thin,  and  flattened,  and  so  closely  packed  as  to  make  the  limits 
of  the  cells  very  indistinct.  The  nails  grow  in  length  by  the  proliferation  of  the 
cells  of  the  stratum  mucosum  at  the  root  of  the  nail,  and  in  thickness  from  that 
part  of  the  stratum  mucosum  which  underlies  the  lunula. 

Hairs  (pi/i)  are  found  on  nearly  every  part  of  the  surface  of  the  body,  but  are 
absent  from  the  palms  of  the  hands,  the  soles  of  the  feet,  the  dorsal  surfaces  of  the 
terminal  phalanges,  the  glans  penis,  the  inner  surface  of  the  prepuce,  and  the 
inner  surfaces  of  the  labia.  They  vary  much  in  length,  thickness,  and  color  in 
different  parts  of  the  body  and  in  different  races  of  mankind.  In  some  parts,  as 
in  the  skin  of  the  eyelids,  they  are  so  short  as  not  to  project  beyond  the  follicles 
containing  them;  in  others,  as  upon  the  scalp,  they  are  of  considerable  length; 
again,  in  other  parts,  as  the  eyelashes,  the  hairs  of  the  pubic  region,  and  the  whiskers 
and  beard,  they  are  remarkable  for  their  thickness.  Straight  hairs  are  stronger 
than  curly  hairs,  and  present  on  transverse  section  a  cylindrical  or  oval  outline; 
curly  hairs,  on  the  other  hand,  are  flattened.  A  hair  consists  of  a  root,  the  part  im- 
planted in  the  skin;  and  a  shaft  or  scapus,  the  portion  projecting  from  the  surface. 

The  root  of  the  hair  {radix  pili)  ends  in  an  enlargement,  the  hair  bulb,  which  is 
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whiter  in  color  and  softer  in  texture  than  the  shaft,  and  is  lodged  in  a  follicular 
involution  of  the  epidermis  called  the  hair  follicle  (Fig.  899).  When  the  hair  is  of 
considerable  length  the  follicle  extends  into  the  subcutaneous  cellular  tissue.  The 
hair  follicle  commences  on  the  surface  of  the  skin  with  a  funnel-shaped  opening, 
and  passes  inward  in  an  oblique  or  curved  direction^the  latter  in  curlj-  hairs — ^to 
become  dilated  at  its  deep  extremity,  where  it  corresponds  with  the  hair  bulb. 
Opening  into  the  follicle,  near  its  free  extremity,  are  the  ducts  of  one  or  more 
sebaceous  glands.  At  the  bottom  of  each  hair  follicle  is  a  small  conical,  vascular 
eminence  or  papilla,  similar  in  everj'  respect  to  those  found  upon  the  surface  of  the 
skin;  it  is  continuous  with  the  dermic  laj'er  of  the  follicle,  and  is  supplied  with 
nerve  fibrils.  The  hair  follicle  consists  of  two  coats — an  ooter  or  dermic,  and  an 
inner  or  epidermic. 


SiTalum  comtufn 

Sirattim  lacidum 
Stratum  granttitKum 
Stratum  JnndHmm 
Slratum 

germinalivum 


CorUx  of  hair 

Vtutl 

Dermic  eoat 

IimtT  Toot  thtalA 

Ovttr  root  ihtath 


BvB)  of  hair 
PapOla  of  hair 


b,  Bhowibg  the  epLden 


The  outer  or  dermic  eoat  is  formed  mainly  of  fibrous  tissue;  it  is  continuous 
with  the  corium,  is  highly  vascular,  and  supplied  by  numerous  minute  ner\'ous 
filaments.  It  consists  of  three  layers  (Fig.  9(X)).  The  most  internal  is  a  hyaline 
basement  membrane,  which  is  well-marked  in  the  larger  hair  follicles,  but  is  not 
very  distinct  in  the  follicles  of  minute  hairs;  it  is  limited  to  the  deeper  part  of  the 
follicle.  Outside  this  is  a  compact  layer  of  fibres  and  spindle-shaped  cells  arranged 
circularly  around  the  follicle;  this  laj^er  extends  from  the  bottom  of  the  follicle 
as  high  as  the  entrance  of  the  ducts  of  the  sebaceous  glands.  Externally  is  a  thick 
layer  of  connective  tissue,  arranged  in  longitudinal  bundles,  forming  a  more 
open  texture  and  corresponding  to  the  reticular  part  of  the  corium;  in  this  are 
contained  the  bloodvessels  and  nerves. 
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The  inner  or  epidemue  cost  is  closely  adherent  to  the  root  of  the  hair,  and  con- 
sists of  two  strata  named  respectively  the  ooter  and  inner  root  sheaths;  the  former 
of    these    corresponds  with    the 
stratum  mucosum  of  the  epider- 
mis,  and    resembles   it    in    the 
rounded  form  and  soft  character 
of  its  cells;  at  the  hottom  of  the 
hair   follicle  these   cells   become 
continuous  with  those  of  the  root 
of  the  hair.   The  inner  root  sheath 
consists  of  (1)  a  delicate  cuticle 
next    the   hair,    composed   of    a    ByaUiulaytr- 
sin^le  layer  of  imbricated  scales 
with  atrophied  nuclei;  (2)  one  or  Cotuv _ 

two  laj'ers  of   horny,   flattened,  ofluur 

nucleated  cells,  known  as  Hnzler'a  Uedulia 

layer;  and   (3)   a  single  layer  of  of  hair  ' 

cubical  cells  with  clear  flattened  Hialtv't 

nuclei,  called  Henle's  lt,jK.  layer  ' 

The  hair  bulb  is  moulded  over 
the  papilla  and  composed  of  poly-     BenU'tlaytr  . 
hedral  epithelial   cells,  which  as 
they  pass  upward  into  the  root  Outer  or 

of  the  hair  become  elongated  and       ''"wic  coat  ■ 
spindle-shaped,  except  some  in  the 
centre  which  remain  polyhedral. 
Some  of  these  latter  cells  contain 
pigment  granules  which  give  rise 

to  the  color  of  the  hair.    It  occa-  _ 

sionally  happens  that  these  pig-  fiq.  900.— Tmruv*™*  wcUod  0!  hair  toiiicie. 

ment  granules  completely  fill  the 

cells  in  the  centre  of  the  bulb;  this  gives  rise  to  the  dark  tract  of  pigment  often 
found,  of  greater  or  less  length,  in  the  axis  of  the  hair. 

The  shaft  of  the  hair  {scapiM  pUi)  consists,  from  within  outward,  of  three  parts, 
the  medulla,  the  cortex,  and  the  cuticle.  The  medulla  is  usually  wanting  in  the 
fine  hairs  covering  the  surface  of  the  body,  and  commonly  in  those  of  the  head. 
It  is  more  opaque  and  deeper  colored  than  the  cortex  when  viewed  by  transmitted 
light;  but  when  viewed  by  reflected,  light  it  is  white.  It  is  composed  of  rows  of 
polyhedral  cells,  containing  granules  of  eleidin  and  frequently  air  spaces.  The 
cortex  constitutes  the  chief  part  of  the  shaft;  its  cells  are  elongated  and  united 
to  form  flattened  fusiform  fibres  which  contain  pigment  granules  in  dark  hair, 
and  iiir  in  white  hair.  The  cuticle  consists  of  a  single  layer  of  flat  scales  which 
overlap  one  another  from  below  upward. 

Connected  with  the  hair  follicles  are  minute  bundles  of  involuntary  muscular 
fibres,  termed  the  Airectores  piloram.  They  arUe  from  the  superficial  layer  of  the 
corium,  and  are  inserted  into  the  hair  follicle,  below  the  entrance  of  the  duct  of 
the  sebaceous  gland.  They  are  placed  on  the  side  toward  which  the  hair  slopes, 
and  by  their  action  diminish  the  obliquity  of  the  follicle  and  elevate  the  hair 
(Fig,  899).'  The  sebaceous  gland  is  situated  in  the  angle  which  the  Arrector 
muscle  forms  with  the  superficial  portion  of  the  hatr  follicle,  and  contraction  of  the 
muscle  thus  tends  to  squeeze  the  sebaceous  secretion  out  from  the  duct  of  the  gland. 

The  Sebaceous  Qlands  (glandulae  sebaceae)  are   small,  sacculated,  glandular 


irenk.  flat  hkin 


1  emei-iinc  ChruuKli  the  skin, 
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organs,  lodged  in  the  substance  of  the  cerium.  They  are  found  in  most  parts  of 
the  skin,  but  are  especially  abundant  in  the  scalp  and  face;  they  are  also  very 
numerous  around  the  apertures  of  the  anus,  nose,  mouth,  and  external  ear,  but  are 
wanting  in  the  palms  of  the  hands  and  soles  of  the  feet.  Each  gland  colsists  of  a 
single  duct,  more  or  less  capacious,  which  emerges  from  a  cluster  of  oval  or  flask- 
shaped  alveoli  which  vary  from  two  to  five  in  number,  but  in  some  instances  there 
may  be  as  many  as  twenty.  Each  alveolus  is  composed  of  a  transparent  basement 
membrane,  enclosing  a  number  of  epithelial  cells.  The  outer  or  marginal  cells 
are  small  and  polyhedral,  and  are  continuous  with  the  cells  lining  the  duct.  The 
remainder  of  the  alveolus  is  filled  with  larger  cells,  containing  fat,  except  in  the 
centre,  where  the  cells  have  become  broken  up,  leaving  a  cavity  filled  with  their 
debris  and  a  mass  of  fatty  matter,  which  constitutes  the  sebom  eatanenm.  The 
ducts  open  most  frequently  into  the  hair  follicles,  but  occasionally  upon  the  general 
surface,  as  in  the  labia  minora  and  the  free  margin  of  the  lips.  On  the  nose  and  face 
the  glands  are  of  large  size,  distinctly  lobulated,  and  often  become  much  enlarged 
from  the  accumulation  of  pent-up  secretion.  The  tarsal  glands  of  the  eyelids  are 
elongated  sebaceous  glands  with  numerous  lateral  diverticula. 

The  Sadoriferons  or  Sweat  Glands  {gkindvlae  avdoTiferae)  are  found  in  almost 
every  part  of  the  skin,  and  are  situated  in  small  pits  on  the  under  surface  of  the 
corium,  or,  more  frequently,  in  the  subcutaneous  areolar  tissue,  surrounded  by  a 
quantity  of  adipose  tissue.    Each  consists  of  a  single  tube,  the  deep  part  of  which 
is  rolled  into  an  o\-al  or  spherical  ball,  named  the  body  of  the  gland,  while  the  super- 
ficial part,  or  dnct,  traverses  the  corium 
and  cuticle  and  opens  on  the  surface  of 
the  skin  by   a  funnel-shaped  aperture. 
In  the  superficial  layers  of  the  corium 
the  duct  is  straight,  but  in  the  deeper 
layers  it  is  convoluted  or  even  twisted; 
-     where  the  epidermis  is  thick,  as  in  the 
palms  of  the  hands  and  soles  of  the  feet, 
thepartof  the  duct  which  passes  through 
it   is  spirallj"  coiled.    The  size   of   the 
glands  varies.     They  are  especially  large 
in  those  regions   where   the  amount  of 
perspiration  is  great,  as   in   the  axillee, 
where  they  form  a  thin,   mammillated 
Fio.  901.— Bodyofii»udori(emin-itiand™tiii  v»rioM    lavcr  of  a  rcddish   coIoF,  which  corrc- 

diractioDB.  a.  LonEitudiDal  nection  of  the  proiiinal  part  (znfiTif^Q  rf^vontlv  ti\  +}ip  ^itiinf'inn  nf  f  h*» 
of  tha  wiled  tube.    i.  Transvets-  section    of  tha  sine.       =P0nOS    exactly   lO   me    SIluailOH   OI    llie 

tubf™lf'T"iiw™"»^ttDn  i5''Si  """^  "'(k1°™''^  ^*'''  ''*  ^'^'^  region;  they  are  large  also 
Nobie Smith)  in   the    groin.     Their   number    varies. 

They  are  very  plentiful  on  the  palms 
of  the  hands,  and  on  the  soles  of  the  feet,  where  the  orifices  of  the  ducts  are  exceed- 
ingly regular,  and  open  on  the  curved  ridges;  they  are  least  numerous  in  the  neck 
and  back.  The  tube,  both  in  the  body  of  the  gland  and  in  the  duct,  consists  of 
two  layers — an  outer,  of  fine  areolar  tissue,  and  an  inner  of  epithelium  (Fig.  901). 
The  outer  laj'er  is  thin  and  is  continuous  with  the  superficial  stratum  of  the  corium. 
In  the  body  of  the  gland  the  epithelium  consists  of  a  single  layer  of  cubical  cells, 
between  the  deep  ends  of  which  and  the  basement  membrane  is  a  lajer  of  longi- 
tudinally- or  obliquely  arranged  non-striped  muscular  fibres.  The  ducts  are  desti- 
tute of  muscular  fibres  and  are  composed  of  a  basement  membrane  lined  bj-  two 
or  three  layers  of  polyhedral  ceils;  the  lumen  of  the  duct  is  coated  by  a  thin  cuticle. 
When  the  cuticle  is  carefully  removed  from  the  surface  of  the  corium,  the  ducts 
m&Y  be  drawn  out  in  the  form  of  short,  thread-like  processes  on  its  under  surface. 
The  ceruminous  glands  of  the  external  acoustic  meatus,  and  the  ciliary  glands  at 
the  margins  of  the  eyelids,  are  modified  sudoriferous  glands. 


SPLANCHNOLOGY. 


TTNDER  this  heading  are  included  the  respiratory,  digestive,  and  urogenital 
^   organs,  and  the  ductless  glands. 


THE  BESPIRATORT  APPARATUS   (APPARATUS  RESPIRATORTOS ; 

RESPIRATORT  SYSTEM). 

The  respiratory  apparatus  consists  of  the  larynx,  trachea,  bronchi,  lungs,  and 
pleura. 

THE  LARTNX. 

The  larynx  or  organ  of  voice  is  placed  at  the  upper  part  of  the  air  passage. 
It  is  situated  between  the  trachea  and  the  root  of  the  tongue,  at  the  upper  and 
forepart  of  the  neck,  where  it  presents  a  considerable  projection  in  the  middle 
line.  It  forms  the  lower  part  of  the  anterior  wall  of  the  pharynx,  and  is  covered 
behind  by  the  mucous  lining  of  that  cavity;  on  either  side  of  it  lie  the  great  vessels 
of  the  neck.  Its  vertical  extent  corresponds  to  the  fourth,  fifth,  and  sixth  cervical 
vertebrae,  but  it  is  placed  somewhat  higher  in  the  female  and  also  during  childhood. 
Symington  found  that  in  infants  between  six  and  twelve  months  of  age  the  tip 
of  the  epiglottis  was  a  little  above  the  level  of  the  fibrocartilage  between  the 
odontoid  process  and  body  of  the  axis,  and  that  between  infancy  and  adult  life 
the  larynx  descends  for  a  distance  equal  to  two  vertebral  bodies  and  two  inter- 
vertebral fibrocartilages.  According  to  Sappey  the  average  measurements  of  the 
adult  larynx  are  as  follows: 


In  males. 

Infc 

Length 

44  mm. 

36 

Transverse  diameter 

.        .        43     " 

41 

Antero-posterior  diameter 

36     " 

26 

Circumference    .... 

.       .       136  .  " 

112 

n 
it 


Until  puberty  the  larynx  of  the  male  differs  little  in  size  from  that  of  the  female.  In  the 
female  its  increase  after  puberty  is  only  slight;  in  the  male  it  undergoes  considerable  increase; 
all  the  cartilages  are  enlarged  and  the  thyroid  cartilage  becomes  prominent  in  the  middle  line  of 
the  neck,  while  the  length  of  the  rima  glottidis  is  nearly  doubled. 

The  larynx  is  broad  above,  where  it  presents  the  form  of  a  triangular  box  flattened 
behind  and  at  the  sides,  and  bounded  in  front  by  a  prominent  vertical  ridge. 
Below,  it  is  narrow  and  cylindrical.  It  is  composed  of  cartilages,  which  are  con- 
nected together  by  ligaments  and  moved  by  numerous  muscles.  It  is  lined  by 
mucous  membrane  continuous  above  with  that  of  the  pharynx  and  below  with 
that  of  the  trachea. 

The  Cartilages  of  the  Larjmx  (cartilagines  laryngis)  (Fig.  902)  are  nine  in  number, 
three  single  and  three  paired,  as  follows: 

Thyroid.  Two  Corniculate. 

Cricoid.  Two  Cuneiform. 

Two  Arytenoid.  Epiglottis. 


1082  SPLANCHNOLOGY 

and  medialward.  They  are  situated  in  the  posterior  parts  of  the  aryepiglottic 
folds  of  mucous  membrane,  and  are  sometimes  fused  with  the  arytenoid  cartilages. 

The  Cuneiform  Cartilages  (cartilagines  cuneiformes;  cartilages  of  Wrisberg)  are  two 
small,  elongated  pieces  of  yellow  elastic  cartilage,  placed  one  on  either  side,  in  the 
aryepiglottic  fold,  where  they  give  rise  to  small  whitish  elevations  on  the  surface 
of  the  mucous  membrane,  just  in  front  of  the  arytenoid  cartilages. 

The  Epiglottis  {cartUago  epiglottica)  is  a  thin  lamella  of  fibrocartilage  of  a  yel- 
lowish color,  shaped  like  a  leaf,  and  projecting  obliquely  upward  behind  the  root 
of  the  tongue,  in  front  of  the  entrance  to  the  larynx.  The  free  extremity  is  broad 
and  rounded;  the  attached  part  or  stem  is  long,  narrow,  and  connected  by  the 
thyroepiglottic  ligament  to  the  angle  formed  by  the  two  laminae  of  the  thyroid 
cartilage,  a  short  distance  below  the  superior  thyroid  notch.  The  lower  part  of 
its  anterior  surface  is  connected  to  the  upper  border  of  the  body  of  the  hyoid 
bone  by  an  elastic  ligamentous  band,  the  hyoepiglottic  ligament,*. 

The  anterior  or  lingual  surface  is  curved  forward,  and  covered  on  its  upper,  free 
part  by  mucous  membrane  which  is  reflected  on  to  the  sides  and  root  of  the  tongue, 
forming  a  median  and  two  lateral  glossoepigiottic  folds;  the  lateral  folds  are  partly 
attached  to  the  wall  of  the  pharynx.  The  depressions  between  the  epiglottis  and 
the  root  of  the  tongue,  on  either  side  of  the  median  fold,  are  named  the  yaUecnln. 
The  lower  part  of  the  anterior  surface  lies  behind  the  hyoid  bone,  the  hyothyroid 
membrane,  and  upper  part  of  the  thyroid  cartilage,  but  is  separated  from  these 
structures  by  a  mass  of  fatty  tissue. 

The  posterior  or  laryngeal  surface  is  smooth,  concave  from  side  to  side,  concavo- 
convex  from  above  downward;  its  lower  part  projects  backward  as  an  elevation, 
the  tubercle  or  cushion.  When  the  mucous  membrane  is  removed,  the  surface  of 
the  cartUage  is  seen  to  be  indented  by  a  number  of  small  pits,  in  which  mucous 
glands  are  lodged.    To  its  sides  the  aryepiglottic  folds  are  attached. 

Stmctnre. — The  comiculate  and  cuneiform  cartilages,  the  epiglottis,  and  the  apices  of  the 
arytenoids  at  first  consist  of  hyaline  cartilage,  but  later  elastic  fibres  are  deposited  in  the  matrix, 
converting  them  into  yellow  fibrocartilage,  which  shows  little -tendency  to  calcification.  The 
thyroid,  cricoid,  and  the  greater  part  of  the  arytenoids  consist  of  hyaline  cartilage,  and  become 
more  or  less  ossified  as  age  advances.  Ossification  commences  about  the  twenty-fifth  year  in 
the  thyroid  cartilage,  and  somewhat  later  in  the  cricoid  and  arytenoids;  by  the  sixty-fifth  year 
these  cartilages  may  be  completely  converted  into  bone. 

Ligaments. — The  ligaments  of  the  larynx  (Figs.  903, 904)  are  extrinsic,  i.  e,,  those 
connecting  th^  thyroid  cartilage  and  epiglottis  with  the  hyoid  bone,  and  the  cricoid 
cartilage  with  the  trachea;  and  intrinsic,  those  which  connect  the  several  cartilages 
of  the  larynx  to  each  other. 

Extrinsic  Ligaments. — ^The  ligaments  connecting  the  thyroid  cartilage  with  the 
hyoid  bone  are  the  hyothyroid  membrane,  and  a  middle  and  two  lateral  hyo- 
thyroid ligaments. 

The  Hyothyroid  Membrane  {membrana  kyothyreoidea;  thyrohyoid  membrane)  is 
a  broad,  fibro-elastic  layer,  attached  below  to  the  upper  border  of  the  thyroid 
cartilage  and  to  the  front  of  its  superior  cornu,  and  above  to  the  upper  margin  of 
the  posterior  surface  of  the  body  and  greater  cornua  of  the  hyoid  bone,  thus  passing 
behind  the  posterior  surface  of  the  body  of  the  hyoid,  and  being  separated  from  it 
by  a  mucous  bursa,  which  facilitates  the  upward  movement  of  the  larynx  during 
deglutition.  Its  middle  thicker  part  is  termed  the  middle  hyothyroid  ligament 
{ligavientum  hyothyreoideum  medium;  middle  thyrohyoid  ligament) ^  its  lateral  thinner 
portions  are  pierced  by  the  superior  laryngeal  vessels  and  the  internal  branch  of 
the  superior  laryngeal  nerve.  Its  anterior  surface  is  in  relation  with  the  Thyreo- 
hyoideus,  Sternohyoideus,  and  Omohyoideus,  and  with  the  body  of  the  hyoid 
bone. 
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The  Lateral  Hyothyroid  LifameDt  {ligamentvm  hyothyreoideum  laterale;  laterai 
thyrohycnd  ligament)  is  a  round  elastic  cord,  which  forms  the  posterior  border 
of  the  hyothyroid  membrane  and  passes  between  the  tip  of  the  superior  cornu  of 
the  thyroid  cartilage  and  the  extremitj'  of  the  greater  cornu  of  the  hyoid  bone. 
A  small  cartilaginous  nodule  {cartilago  Iriticea),  sometimes  bony,  is  frequently 
found  in  it. 

The  Epiglottis  is  connected  with  the  hjoid  bone  by  an  elastic  band,  the  hyo- 
epiflottie  lifunent  {ligamenium  hyoepiglotticum),  which  extends  from  the  anterior 
surface  of  the  epiglottis  to  the  upper  border  of  the  body  of  the  hyoid  bone.  The 
glossoepiglottic  folds  of  mucous  membrane  (page  1082)  may  also  be  considered 
as  extrinsic  ligaments  of  the  epiglottis. 


Fia.  903.— Tbe  li«ameDt9  of  the  Uryui.     Antflro-Ialerftl  view. 

The  Crieotracbeal  Ligunent  {Hgamentum  cricoiracheale)  connects  the  cricoid  car- 
tilage with  the  first  ring  of  the  trachea.  It  resembles  the  fibrous  membrane  which 
connects  the  cartilaginous  rings  of  the  trachea  to  each  other. 

Intrinsic  Ligaments.— Beneath  the  mucous  membrane  of  the  larynx  is  a  broad 
sheet  of  fibrous  tissue  containing  many  elastic  fibres,  and  termed  the  elastic  membruw 
of  the  laiTiiz.  It  is  subdivided  on  either  side  by  the  interval  between  the  ven- 
tricular and  vocal  ligaments,  the  upper  portion  extends  between  the  arj'tenoid 
cartilage  and  the  epiglottis  and  is  often  poorl.\'  defined;  the  lower  part  is  a  well- 
marked  membrane  forming,  with  its  fellow  of  the  opposite  side,  tbe  conus  elasticus 
which  connects  the  thjToid,  cricoid,  and  arjtenoid  cartilages  to  one  another. 
In  addition  the  joints  between  the  individual  cartilages  are  provided  with  ligaments. 

The  Conns  Elasticus  (cricothyroid  membrane)  is  composed  mainly  of  jellow  elastic 
tissue.  It  consists  of  an  anterior  and  two  lateral  portions.  The  anteriOT  part  or 
middle  erieothyroid  ligunent  {Hgamentum  crteotkyreoidevm  medium;  cejitral  partj>f 
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^iTicrvi'-^  membram)  is  thick  and  strong,  narrow  above  and  broad  below.     It 

.-(.mwri-  tt^ther  the  front  parts  of  the  contiguous  margins  of  the  thjroid  and 

—,.-,-.«  ctitilages.     It  is  overlapped  on  either  side  by  the  Cricothyreoideus,  but 

rw-wm  these  is  subcutaneous;  it  is  crossed  horizontally  by  a  small  anastomotic 

t-T'rm!  MT*.  formed  by  the  junction  of  the  two  cricothyroid  arteries,  branches 

Vi-^  nieft*  it.   The  lateral  portions  are  thinner  and  lie  close  under  the  mucous 

WHjSraiw  of  the  larjnx;  they  extend  from  the  superior  border  of  the  cricoid  carti- 

Uisn  T.-  the  inferior  margin  of  the  vocal  ligaments,  with  which  they  are  continuous. 

"),r*'3ic»n»ents  may  therefore  be  regarded  as  the  free  borders  of  the  lateral  por- 

"-lAT-  ,4'  the  conus  elasticus,  and  extend  from  the  vocal  processes  of  the  arytenoid 

—  iJi«<  to  the  angle  of  the  thyroid  cartilage  about  midway  between  its  upper 

•  V>«vf  borders.    The  lateral  portions  are  lined  medially  by  mucous  membrane, 

^  v\-ered  bv  the  C^icoa^^■taenoideus  lateralis  and  Thyreoarytaenoideus. 


OaTiilago  trilieta 
Hyoihyroid  membrane 


Comiculate  cartilage 

Arytgitoid 


An  articular  capsule,  strengthened  posteriorly  by  a  well-marked  fibrous  band, 
encloses  the  articulation  of  the  inferior  cornu  of  the  thjroid  with  the  cricoid  car- 
tilage on  either  side. 

Each  arytenoid  cartilage  is  connected  to  the  cricoid  by  a  capsule  and  a  posterior 
cricoarytenoid  ligament.  The  capsule  {cajmila  arlicularis  cricoaryterwidea)  is  thin 
and  loose,  and  is  attached  to  the  margins  of  the  articular  surfaces.  The  posterior 
crico&rrtenoid  liK&meiit  {Ugammhtm  cricoarylenoideum  posterivs)  extends  from  the 
cricoid  to  the  medial  and  back  part  of  the  base  of  the  arytenoid. 

The  thTToepiflottic  ligament  {Ugamentvm  thyreoepigJotticum)  is  a  long,  slender, 
elastic  cord  which  connects  the  stem  of  the  epiglottis  with  the  angle  of  the  thyroid 
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cartilage,  immediately  beneath  the  superior  thyroid  notch,  above  the  attachment 
of  the  ventricular  ligaments. 

Horemsnta. — The  articulation  between  the  inferior  cornu  of  the  thyroid  cartilage  and  the 
cricoid  cartilage  on  either  side  is  a.  diarthrodial  one,  and  permits  of  rotatory  and  gliding  move- 
roente.  The  rotatory  movement  is  one  in  which  the  cricoid  cartilage  rotates  upon  the  inferior 
comua  of  the  thyroid  cartilage  around  an  axis  passing  transversely  through  both  joints. 
The  gliding  movement  consiala  in  a  limited  shifting  of  the  cricoid  on  the  thyroid  in  different 
directions. 

The  articulation  between  the  arytenoid  cartilages  and  the  cricoid  is  also  a  diarthrodial  one, 
and  permits  of  two  varieties  of  movement:  one  is  a  rotation  of  the  arytenoid  on  a  vertical  axis, 
whereby  the  vocal  process  is  moved  lateralward  or  medialward,  and  the  rima  glottidis  increased 
or  diminished;  the  other  is  a  gliding  movement,  and  allows  the  arytenoid  cartilages  to  approach 
or  recede  from  each  other;  from  the  direction  and  slope  of  the  articular  surfaces  lateral  gliding 
is  accompanied  by  a  forward  and  downward  movement.  The  two  movements  of  gliding  and 
rotation  are  associated,  the  medial  gliding  being  connected  with  medialward  rotation,  and  the 
lateral  gliding  with  lat«ralward  rotation.  The  posterior  cricoarytenoid  ligaments  limit  the 
forward  movement  of  the  arytenoid  cartilages  on  the  cricoid. 

Interior   of   the   Larynx    (Figs.  905.  907).— The   eavity  o(   the  larynx  {cavum 
laryngiti)  extends  from  the  laryngeal  entrance  to  the  lower  border  of  the  cricoid 
cartilage  where  it  is  continuous  with 
that  of  the  trachea.    It  is  divided 
into  two  parts  by  the  projection  of 
the  vocal  folds,  between  which  is  a 
narrow  triangular  fissure   or  chink, 
the  rima  glottidis.    The  portion  of 
the  cavity  of  the  larynx  above  the 
vocal  folds  is  called  the  vestibale;  it 
is  wide  and  triangular  in  shape,  its 
base  or   anterior    wall    presenting, 
however,  about  its  centre  the  back- 
ward projection  of  the   tubercle  of 
the  epiglottis.     It  contains  the  ven-       { 
tricular   folds,    and    between    these 
and  the  vocal  folds  are  the  ventricles 
of  the  larynx.    The  portion  below  the 
vocal  folds  is  at  first  of  an  elliptical       a 
form,  but  lower  down  it  widens  out,        ' 
assumes  a  circular  form,  and  is  con- 
tinuous with  the  tube  of  the  trachea. 

The  entrance  of  the  larynx  (Fig. 
906)  is  a  triangular  opening,  wide 
in  front,  narrow  behind,  and  sloping 
obliquely  downward  and  backward. 
It  is  bounded,  in  front,  by  the  epi- 
glottis; behind,  by  the  apices  of  the  ^'°  9o,..-.'=«ittai*.»,.oc,m.j«ry„.„dupp,r  part«f  th. 
arjtenoid  cartilages,  the  corniculate 

cartilages,  and  the  interarytenoid  notch;  and  on  either  side,  by  a  fold  of  mucous 
membrane,  enclosing  ligamentous  and  muscular  fibres,  stretched  between  the  side 
of  the  epiglottis  and  the  apex  of  the  arytenoid  cartilage;  this  is  the  aryepiflottic 
fdd,  on  the  posterior  part  of  tlie  margin  of  which  the  cuneiform  cartilage  forms  a 
more  or  less  distinct  whitish  prominence,  the  cnneiform  tubercle. 

The  Ventricular  Folds  (plicae  veniriciilares;  superior  or  false  weal  cords)  are  two 
thick  folds  of  mucous  membrane,  each  enclosing  a  narrow  band  of  fibrous  tissue, 
the  ventricnlar  lifament  which  is  attached  in  front  to  the  angle  of  the  thyroid  car- 
tilage immediately  below  the  attachment  of  the  epiglottis,  and  behind  to  the  antero- 
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cricothyroid  inembTane)  is  thick  and  strong,  narrow  above  and  broad  below.  It 
connects  together  the  front  parts  of  the  contiguous  margins  of  the  thyroid  and 
cricoid  cartilages.  It  is  overlapped  on  either  side  by  the  Cricothyreoideus,  but 
between  these  is  subcutaneous;  it  is  crossed  horizontally  by  a  small  anastomotic 
arterial  arch,  formed  by  the  junction  of  the  two  cricothyroid  arteries,  branches 
of  which  pierce  it.  The  l&ter&l  portions  are  thinner  and  lie  close  under  the  mucous 
membrane  of  the  larynx;  the.\'  extend  from  the  superior  border  of  the  cricoid  carti- 
lage to  the  inferior  margin  of  the  vocal  ligaments,  with  which  they  are  continuous. 
These  ligaments  may  therefore  be  regarded  as  the  free  borders  of  the  lateral  por- 
tions of  the  conus  elasticus,  and  extend  from  the  vocal  processes  of  the  arytenoid 
cartilages  to  the  angle  of  the  thjroid  cartilage  about  midway  between  its  upper 
and  lower  borders.  The  lateral  portions  are  lined  medially  by  mucous  membrane, 
and  covered  by  the  Cricoarj'taenoideus  lateralis  and  Thyreoarytaenoideus. 


Cartikigo  Irtlieta 
Hyothyroid  mtnArant 


Comictiiate  cartHage 


An  aiticul&r  capsule,  strengthened  posteriori^'  b>'  a  well-marked  fibrous  band, 
encloses  the  articulation  of  the  inferior  cornu  of  the  thyroid  with  the  cricoid  car- 
tilage on  either  side. 

Each  arytenoid  cartilage  is  connected  to  the  cricoid  by  a  capsule  and  a  posterior 
cricoarytenoid  ligament.  The  capsule  (capsvia  articularis  cricoarytenoidea)  is  thin 
and  loose,  and  is  attached  to  the  margins  of  the  articular  surfaces.  The  posterior 
cricoarytenoid  lifunent  {ligamenhmi  cricoarylewiideum  posterivs)  extends  from  the 
cricoid  to  the  medial  and  back  part  of  the  base  of  the  arytenoid. 

The  thyroepiglottic  ligament  {Ugamenhim  ihyreoepiglotticum)  is  a  long,  slender, 
elastic  cord  which  connects  the  stem  of  the  epiglottis  with  the  angle  of  the  thyroid 
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cartilage,  immediately  beneath  the  superior  thyroid  notch,  above  the  attachment 
of  the  ventricular  ligaments. 

Hovenwnts, — The  articulation  between  the  inferior  cornu  of  the  thyroid  c&rtilage  and  the 
cricoid  cartil^e  on  either  side  is  a  diarthrodial  one,  and  permits  of  rotatory  and  gliding  move- 
ments. The  rotatory  movement  is  one  in  which  the  cricoid  cartilage  rotBt«s  upon  the  inferior 
comua  of  the  thyroid  cartilage  around  an  axis  passing  transversely  through  both  joints. 
The  ghding  movement  consists  in  a  limited  shifting  of  the  cricoid  on  the  thyroid  in  different 
directions.   . 

The  articulation  between  the  arytenoid  cartilages  and  the  cricoid  is  also  a  diarthrodial  one, 
and  permits  of  two  varieties  of  movement:  one  is  a  rotation  of  the  arytenoid  on  a  vertical  ajda, 
whereby  the  vocal  process  is  moved  lateralward  or  medialward,  and  the  rima  glottidis  increased 
or  diminished;  the  other  is  a  gliding  movement,  and  ^lows  the  arytenoid  cartiiagee  to  approach 
or  recede  from  each  other;  from  the  direction  and  slope  of  the  articular  surfaces  lateral  gliding 
is  accompanied  by  a  forward  and  downward  movement.  The  two  movements  of  ghding  and 
rotation  are  associated,  the  medial  gliding  being  connected  with  medialward  rotation,  and  the 
lateral  gliding  with  lateralward  rotation.  The  posterior  cricoarytenoid  ligaments  limit  the 
forward  movement  of  the  arytenoid  cartilages  on  the  cricoid. 

blterioi  of  the   Laiynx   (Figs.  905,  907). — The   cavity  of   the  luynx  (cavum 
laryngia)  extends  from  the  laryngeal  entrance  to  the  lower  border  of  the  cricoid 
cartilage  where  it  is  continuous  with 
that  of  the  trachea.    It  is  divided 
into  two  parts  by  the  projection  of 
the  vocal  folds,  between  which  is  a 
narrow  triangular  fissure  or  chink, 
the  rima  flottidis.    The  portion   of 
the  cavity  of  the  larynx  above  the 
vocal  folds  is  called  the  Tostilnile;  it 
is  wide  and  triangular  in  shape,  its 
base  or   anterior    wall    presenting, 
however,  about  its  centre  the  back- 
ward projection  of  the   tubercle  of 
the  epiglottis.    It  contains  the  ven-       { 
tricular   folds,    and   between    these 
and  the  vocal  folds  are  the  ventriclee 
of  the  larynx.    The  portion  below  the 
vocal  folds  is  at  first  of  an  elliptical       a 
form,  but  lower  down  it  widens  out,        ' 
assumes  a  circular  form,  and  is  con- 
tinuous with  the  tube  of  the  trachea. 

The  entrance  of  the  larynx  (Fig. 
906)  is  a  triangular  opening,  wide 
in  front,  narrow  behind,  and  sloping 
obliquely  downward  and  backward. 
It  is  bounded,  in  front,  by  the  epi- 
glottis; behind,  by  the  apices  of  the  ^'°-  *«-si,«""" '*"""' »^^ej»ryD..nd upper putotibe 
arj-tenoid  cartilages,  the  corniculate 

cartilages,  and  the  interarytenoid  notch;  and  on  either  side,  by  a  fold  of  mucous 
membrane,  enclosing  ligamentous  and  muscular  fibres,  stretched  between  the  side 
of  the  epiglottis  and  the  apex  of  the  ar\tenoid  cartilage;  this  is  the  uyepiflottic 
fold,  on  the  posterior  part  of  the  margin  of  which  the  cuneiform  cartilage  forms  a 
more  or  less  distinct  whitish  prominence,  the  cuneiform  tubercle. 

The  Ventricular  Folds  {plicae  ventricttiares;  svperior  or  false  tKical  corda)  are  two 
thick  folds  of  mucous  membrane,  each  enclosing  a  narrow  band  of  fibrous  tissue, 
the  ventrieolar  ligament  which  is  attached  in  front  to  the  angle  of  the  thyroid  car- 
tilage immediately  below  the  attachment  of  the  epiglottis,  and  behind  to  the  antero- 
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lateral  surface  of  the  arytenoid  cartilage,  a  short  distance  above  the  vocal  process. 
The  lower  border  of  this  ligament,  enclosed  in  mucous  membrane,  forms  a  free 
crescentic  margin,  which  constitutes  the  upper  boundary  of  the  ventricle  of  the 
larynx. 

Svlcua  terminaii) 


The  Vocal  Folds  (plicae  vocales;  inferior  or  true  vocal  cords)  are  concerned  in  the 
production  of  sound,  and  enclose  two  strong  bands,  named  the  vocal  UcamentB 
{ligamenia  vocales;  inferior  thyroarytenoid).  Each  ligament  consists  of  a  band  of 
yellow  elastic  tissue,  attached  in  front  to  the  angle  of  the  thyroid  cartilage,  and 
behind  to  the  vocal  process  of  the  arytenoid.  Its  lower  border  is  continuous  with 
the  thin  lateral  part  of  the  conus  elastJeus.  Its  upper  border  forms  the  lower 
boundary  of  the  ventricle  of  the  larynx.  Laterallj",  the  Vocalis  muscle  lies  parallel 
with  it.  It  is  covered  medially  h\  mucous  membrane,  which  is  extremely  thin  and 
closely  adherent  to  its  surface. 

The  Ventricle  of  the  Larynx  (ueniriculus  taryngls  {Morgaffnii};  laryngeal  ainvs) 
is  a  fusiform  fossa,  situated  between  the  ventricular  and  vocal  folds  on  either  side, 
and  extending  nearly  their  entire  length.  The  fossa  is  bounded,  above,  by  the  free 
crescentic  edge  of  the  ventricular  fold;  below,  by  the  straight  margin  of  the  vocal 
fold;  laterally,  by  the  mucous  membrane  covering  the  corresponding  ThjTcoary- 
taenoideus.  The  anterior  part  of  the  ventricle  leads  up  by  a  narrow  opening 
into  a  cecal  pouch  of  mucous  membrane  of  variable  size  called  the  appendix. 

The  appendix  of  the  laryngeal  ventrlole  (appendix  ventriculi  laryngis;  laryngeal 
saccule)  is  a  membranous  sac,  placed  between  the  ventricular  fold  and  the  inner 
surface  of  the  thyroid  cartilage,  occasionally  extending  as  far  as  its  upper  border 
or  even  higher;  it  is  conical  in  form,  and  curved  slightly  backward.    On  the  surface 
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of  its  mucous  membrane  are  the  openings  of  sixty  or  seventy  mucous  glands,  which 
are  lodged  in  the  submucous  areolar  tissue.   This  sac  is  enclosed  in  a  fibrous  capsule, 
continuous   below   with   the   ventricular 
ligament.     Its  medial  surface  is  covered 
by  a  few  delicate  muscular  fasciculi,  which 
arise  from  the  apex  of  the  arytenoid  car- 
tilage and  become  lost  in  the  aryepiglottic 
fold  of  mucous  membrane;  laterally  it  is         hj„ 
separated  from  the  thyroid  cartilage  by 
the   Thyreoepiglotticus.     These   muscles 
compress  the  sac,  and  express  the  secre- 
tion it  contains  upon  the  vocal  folds  to  o»i 
lubricate  their  surfaces,                                       "^ 
The  Rima  Qlottidis  (Fig.  908)  is  the  elon-         r.,. 
gated  fissure  or  chink  between  the  vocal  i 
folds  in  front,  and  the  bases  and  vocal        j^ 
processes  of  the  arytenoid  cartilages  be-      '^•ne-^ 
hind.     It  is  therefore  subdivided  into  a 
larger    anterior    iiitramembranous    part 
(gloUw'  vocalia),  which    measures    about 
three-fifths   of   the   length   of  the  entire 
aperture,  and  a  posterior  intercartitaginous 
part  (glottu  resjnratorut).    Posteriorly  it  is 
limited  by  the  mucous  membrane  passing 
between  the    arytenoid   cartilages.     The 
rima  glottidis  is  the  narrowest  part  of  the 
cavity  of  the  larynx,  and  its  level  corre- 
sponds with  the  bases  of  the  arrtenoid  car-     ^     „,    „       .      ■      ,  , 

iV^j,  ,.,  ,.,  „„      Fia-  907.— Coronsl  aeoUon  of  Utynl  mid  uppar  p«ft 

tilages.    Its  length,  m  the  male,  is  about  23  of  tnch«. 

mm.;  in  the  female  from  17  to  18  mm. 

The  width  and  shape  of  the  rima  glottidis  vary  with  the  movements  of  the  vocal 

folds  and  arj'tenoid  cartilages  during  respiration  and  phonation.    In  the  condition 

of  rest,  t,  e.,  when  these  structures  are  uninfluenced  by  muscular  action,  as  in 


w  of  Ulterior  ot  luyu 


quiet  respiration,  the  intramembranous  part  is  triangular,  with  its  apex  in  front 
and  its  base  behind — the  latter  being  represented  by  a  line,  about  8  mm.  long, 
connecting  the  anterior  ends  of  tlie  vocal  processes,  while  the  medial  surfaces  of 
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the  arytenoids  are  parallel  to  each  other,  and  hence  the  intercartilaginous  part 
is  rectangular.  During  extreme  adduction  of  the  vocal  folds,  as  in  the  emission 
of  a  high  note,  the  intramembranous  part  is  reduced  to  a  linear  slit  by  the  ap- 
position of  the  vocal  folds,  while  the  intercartilaginous  part  is  triangular,  its  apex 
corresponding  to  the  anterior  ends  of  the  vocal  processes  of  the  arytenoids,  which 
are  approximated  by  the  medial  rotation  of  the  cartilages.  Conversely  in  extreme 
abduction  of  the  vocal  folds,  as  in  forced  inspiration,  the  arytenoids  and  their 
vocal  processes  are  rotated  lateralward,  and  the  intercartilaginous  part  is  trian- 
gular in  shape  but  with  its  apex  directed  backward.  In  this  condition  the  entire 
glottis  is  somewhat  lozenge-shaped,  the  sides  of  the  intramembranous  part 
diverging  from  before  backward,  those  of  the  intercartilaginous  part  diverging 
from  behind  forward — the  widest  part  of  the  aperture  corresponding  with  the 
attachments  of  the  vocal  folds  to  the  vocal  processes. 

Mosdes. — The  muscles  of  the  larynx  are  extrinsic,  passing  between  the  larynx 
and  parts  around — these  have  been  described  in  the  section  on  Myologj';  and 
intrinsic,  confined  entirely  to  the  larynx. 

The  intrinsic  muscles  are : 

Cricothyreoideus.  Crleoarytaenoideus  lateralis. 

Cricoarytaenoideus  posterior.  Arytaenoideus, 

Tbyroarytaenoideus. 

The  Crieothyreoidens  {Cricotkyroid)  (Fig.  909),  triangular  in  form,  arises  from  the 
front  and  lateral  part  of  the  cricoid  cartilage;  its  fibres  diverge,  and  are  arranged 
in  two  groups.  The  lower  fibres  constitute  a 
pars  obliqna  and  slant  backward  and  lateral- 
ward  to  the  anterior  border  of  the  inferior 
cornu;  the  anterior  fibres,  forming  a  pars  rect«, 
run  upward,  backward,  and  lateralward  to  the 
posterior  part  of  the  lower  border  <5f  the  lamina 
of  the  thyroid  cartilage. 

The  medial  borders  of  the  two  muscles  are 
separated  by  a  triangular  interval,  occupied 
by  the  middle  cricothyroid  ligament. 

The  Cricoarytaenoideus  posterior  {posterior 
cricoarytenoid)  (Fig.  910)  arises  from  the  broad 
depression  on  the  corresponding  half  of  the  pos- 
terior surface  of  the  lamina  of  the  cricoid  carti- 
lage; its  fibres  run  upward  and  lateralward, 
and  converge  to  be  inserted  into  the  back  of 
the  muscular  process  of  the  arytenoid  carti- 
lage. The  uppermost  fibres  are  nearly  hori- 
zontal, the  middle  oblique,  and  the  lowest 
almost  vertical. 

The     CricoarTtaenoideos     lateralis      (lateral 
cricoarytenoid)    (Fig.  911)  is  smaller  than  the 
Fi«.  »09-siiisvLe»(rfth.  iwjTH,  ihoKiig      pFeccding,  and  of  an*  oblong  form.    H  arises 
muKuinr  atlatiijneQU.  '  from   the  Upper    border  of    the   arch  of   the 

cricoid  cartilage,  and,  passing  obliquely  up- 
ward and  backward,  is  inserted  into  the  front  of  the  muscular  process  of  the 
arytenoid  cartilage. 

The  Arytaenoideus  (Fig.  910}  is  a  single  muscle,  filling  up  the  posterior  concave 
surfaces  of  the  ar\tenoid  cartilages.  It  arises  from  the  posterior  surface  and  lateral 
border  of  one  arytenoid  cartilage,  and  is  inserted  into  the  corresponding  parts  of 
the  opposite  cartilage.    It  consists  of  oblique  and  transverse  parts.    The  Arytae- 
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noidenfi  obUquus,  the  more  superficial,  forms  two  fasciculi,  which  pass  from  the  base 
of  one  cartilage  to  the  apex  of  the  opposite  one,  and  therefore  cross  each  other 


tpigtotti* 

cartilage 
Oomicuiale 
cartilage 


Articular  fae 
thyrwideoT: 


Fin.  910.— Miudca  of  laryni.     Pwterior  vi«w.  Fio.  91 1 .— Munla  of  Uiyni,    Side  view,    Richt  lomiDB 

01  (hj-roLd  c»rtil»«e  pomoved. 

like  the  limbs  of  the  letter  X;  a  few  fibres 
are  continued  around  the  lateral  margin 
of  the  cartilage,  and  are  prolonged  into 
the  aryepiglottic  fold ;  they  are  sometimes 
described  as  a  separate  muscle,  the  Ary- 
epiglotticna.  The  Arrtasnoidens  trans- 
Tersoa  crosses  transversely  between  the 
two  cartilages. 

The  Th;reo4r7taeiioideuB  ( Thyroary- 
tenoid) (Figs.  911,  912)  is  a  broad,  thin, 
muscle  which  lies  parallel  with  and  lateral 
to  the  vocal  fold,  and  supports  the  wall  of 
the  ventricle  and  its  appendix.  It  arises 
in  front  from  the  lower  half  of  the  angle 
of  the  thyroid  cartilage,  and^from  the 
middle  cricothyroid  ligament.  Its  fibres 
pass  backward  and  lateralward,  to  be  in- 
serted  into  the  base  and  anterior  surface 
of  the  arytenoid  cartilage.    The  lower  and 

deeper  fibres  of  the  muscle  can  be  differ-      ''"'-  "'^--MyKiB,  o^^'i>^«^i^f  ^.  "«>  f""  "bov-^ 
entiated   as   a  triangular  band  which   is 

inserted  into  the  vocal  process  of  the  arytenoid  cartilage,  and  into  the  adjacent 
portion  of  its  anterior  surface;  it  is  termed  the  Toealis,  and  lies  parallel  with  the 
vocal  ligament,  to  which  it  is  adherent. 
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A  considerable  number  of  the  fibres  of  the  Thyreoarytaenoideus  are  prolonged 
into  the  aryepiglottic  fold,  where  some  of  them  become  lost,  while  others  are  con- 
tinued to  the  margin  of  the  epiglottis.  They  have  received  a  distinctive  name, 
Thyreoepiglotticus,  and  are  sometimes  described  as  a  separate  muscle. 

Actions. — In  considering  the  actions  of  the  muscles  of  the  larynx,  they  may  be  conveniently 
divided  into  two  groups,  vix.:  1.  Those  which  open  and  close  the  glottis.  2.  Those  which  regu- 
late the  degree  of  tension  of  the  vocal  folds. 

1.  The  muscles  which  open  the  glottis  are  the  Cricoarytaenoidei  posteriores;  and  those  which 
close  it  are  the  Cricoar3rtaenoidei  laterales  and  the  Arytaenoideus.  2.  The  muscles  which 
regulate  the  tension  of  the  vocal  folds  are  the  Cricothyreoidei,  which  elongate  and  render  them 
tense;  and  the  Th3rreoarytaenoidei,  which  relax  and  shorten  them. 

The  Cricoarytaenoidei  posteriores  separate  the  vocal  folds,  and,  consequently,  open  the  glottis, 
by  rotating  the  arytenoid  cartilages  outward  around  a  vertical  axis  passing  through  the  crico- 
arytenoid joints;  so  that  their  vocal  processes  and  the  vocal  folds  attached  to  them  become 
widely  separated. 

The  Cricoarytaenoidei  laterales  close  the  glottis  by  rotating  the  arytenoid  cartilages  inward, 
so  as  to  approximate  their  vocal  processes. 

The  Arytaenoideus  approximates  the  arytenoid  cartilages,  and  thus  closes  the  opening  of 
the  glottis,  especially  at  its  back  part. 

The  Cricothyreodei  produce  tension  and  elongation  of  the  vocal  folds  by  drawing  up  the  arch 
of  the  cricoid  cartilage  and  tilting  back  the  upper  border  of  its  lamina;  the  distance  between  the 
vocal  processes  and  \he  angle  of  the  thyroid  is  thus  increased,  and  the  folds  are  consequently 
elongated. 

The  Thyreoaryt/ienoidei,  consisting  of  two  parts  having  different  attachments  and  different 
directions,  are  rather  complicated  as  regards  their  action.  Their  main  use  is  to  draw  the  aryte- 
noid cartilages  forward  toward  the  th3rroid,  and  thus  shorten  and  relax  the  vocal  folds.  But, 
owing  to  the  connection  of  the  deeper  portion  with  the  vocal  fold,  this  part,  if  acting  separately, 
is  supposed  to  modify  its  elasticity  and  tension,  while  the  latertl  portion  rotates  the  arytenoid 
cartilage  inward,  and  thus  narrows  the  rima  glottidis  by  bringing' the  two  vocal  folds  together. 

The  manner  in  which  the  entrance  of  the  larynx  is  closed  during  deglutition  is  referred  to 
on  page  1114. 

Mucous  Membrane. — The  mucous  membrane  of  the  larynx  is  continuous  above  with  that 
lining  the  mouth  and  pharynx,  and  is  prolonged  through  the  trachea  and  bronchi  into  the  lungs. 
It  lines  the  posterior  surface  and  the  upper  part  of  the  anterior  surface  of  the  epiglottis,  to  which 
it  is  closely  adherent,  and  forms  the  aryepiglottic  folds  which  bound  the  entrance  of  the  larynx. 
It  lines  the  whole  of  the  cavity  of  the  larynx;  forms,  by  its  reduplication,  the  chief  part  of  the 
ventricular  fold,  and,  from  the  ventricle,  is  continued  into  the  ventricular  appendix.  It  is  then 
reflected  over  the  vocal  ligament,  where  it  is  thin,  and  very  intimately  adherent;  covers  the 
inner  surface  of  the  con  us  elasticus  and  cricoid  cartilage;  and  is  ultimately  continuous  with  the 
lining  membrane  of  the  trachea.  The  anterior  surface  and  the  upper  half  of  the  posterior  siuiace 
of  the  epiglottis,  the  upper  part  of  the  aryepiglottic  folds  and  the  vocal  folds  are  covered  by 
stratified  squamous  epithelium;  all  the  rest  of  the  laryngeal  mucous  membrane  is  covered  by 
columnar  ciliated  cells,  but  patches  of  stratified  squamous  epithelium  are  found  in  the  mucous 
membrane  above  the  glottis. 

Glands. — The  mucous  membrane  of  the  larynx  is  fumished^ith  numerous  mucous  secreting 
glands,  the  orifices  of  which  are  found  in  nearly  every  part;  they  are  very  plentiful  upon  the 
epiglottis,  being  lodged  in  little  pits  in  its  substance;  they  are  also  foimd  in  large  numbers  along 
the  margin  of  the  aryepiglottic  fold,  in  front  of  the  arytenoid  cartilages,  where  they  are  termed 
the  arytenoid  glands.  They  exist  also  in  large  numbers  in  the  ventricular  appendages.  None 
are  found  on  the  free  edges  of  the  vocal  folds. 

Vessels  and  Nerves. — The  chief  arteries  of  the  larjrnx  are  the  laryngeal  branches  derived 
from  the  superior  and  inferior  thyroid.  The  veins  accompany  the  arteries;  those  accompanying 
the  superior  laryngeal  artery  join  the  superior  thyroid  vein  which  opens  into  the  internal  jugular 
vein;  while  those  accompanying  the  inferior  laryngeal  artery  join  the  inferior  thyroid  vein 
which  opens  into  the  innominate  vein.  The  lymphatic  vessels  consist  of  two  sets,  superior 
and  inferior.  The  former  accompany  the  superior  laryngeal  artery  and  pierce  the  hyothyroid 
membrane,  to  end  in  the  glands  situated  near  the  bifurcation  of  the  common  carotid  artery.  Of 
the  latter,  some  pass  through  the  middle  cricothyroid  ligament  and  open  into  a  gland  lying  in 
front  of  that  ligament  or  in  front  of  the  upper  part  of  the  trachea,  while  others  pass  to  the  deep 
cervical  glands  and  to  the  glands  accompanying  the  inferior  thyroid  artery.  The  nerves  are 
derived  from  the  internal  and  external  branches  of  the  superior  laryngeal  nerve,  from  the 
recurrent  nerve,  and  from  the  sympathetic.  The  internal  laryngeal  branch  is  almost  entirely 
sensory,  but  some  motor  filaments  are  said  to  be  carried  by  it  to  the  Arytaenoideus.  It  enters 
the  larynx   by  piercing   the  ])ostmor  part  of   the   hyothyroid  membrane  above  the  superior 
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laryngeal  vessels,  and  divides  into  a  branch  which  is  distributed  to  both  eurfscee  of  the  epi- 
glottis, a  second  to  the  aryepiglottic  Told,  and  a  third,  the  largest,  which  supplies  the  mucous 
membrane  over  the  back  of  the  larynx  and  communicates  with  the  recurrent  nerve.  The  external  . 
laryngeal  branch  supplies  the  Cricothyreoideus,  The  recurrent  nerve  passes  upward  beneath 
the  lower  border  of  the  Constrictor  pharyngis  inferior  immediately  behind  the  cricothyroid  joint. 
It  supplies  all  the  muscles  of  the  larynx  except  the  Cricothyreoideus,  and  perhaps  a  part  of  the 
Arytaenoideus.  The  sensory  branches  of  the  laryngeal  neri'es  fonn  subepithelial  plexuses,  from 
which  fibres  pass  to  end  between  the  cells  covering  the  mucous  membrane. 

Over  the  posterior  surface  of  the  epiglottis,  in  the  aryepiglottic  folds,  and  less  regularly  in 
some  other  parts,  taste-buds,  similar  to  those  in  the  tongue,  are  found. 

THE  TEACHEA  AND  BRONCHI  (Fig.  913). 

The  trachea  or  windpipe  is  a  cartilaginous  and  membranous  tube,  extending 
from  the  lower  part  of  the  lar\  nx,  on  a  level  with  the  sixth  cervical  vertebra,  to  the 


upper  border  of  the  fifth  tlioracic  vertebra,  wiiere  it  divides  into  the  two  bronchi, 
one  for  each  lung.  The  trachea  is  nearly  but  not  quite  cylindrical,  being  flattened 
pn.steriorly ;  it  measures  about  11  cm.  in  length;  its  diameter,  from  side  to  side. 
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is  from  2  to  2.5  cm.,  being  always  greater  in  the  male  than  in  the  female.  In 
the  child  the  trachea  is  smaller,  more  deeply  placed,  and  more  movable  than 
in  the  adult. 

B«Utioiis. — The  arderioT  surface  of  the  trachea  is  convex,  and  covered,  in  the  nock,  from 
above  downward,  by  the  igthmue  of  the  thyroid  glaad,  the  inferior  thyroid  veins,  the  arteria 
thyroidea  ima  (when  that  veaael  exiatg),  the  Stemothyreoideus  and  St«mohyoideus  muBclee, 
the  cervical  fascia,  and,  more  superficially,  by  the  anaetomosinB  branches  between  the  anterior 
jugiUar  veins;  in  thn  thorax,  it  is  covered  from  before  bftckward  by  the  manubrium  atemi, 
the  remains  of  the  thymus,  the  left  innominate  vein,  the  aortic  arch,  the  innominate  and  left 
common  carotid  arteries,  and  the  deep  cardiac  plexus.  Poeteriorly  it  is  in  contact  with  the 
oesophagus.  LcteraUy,  in  the  neck,  it  is  in  relation  with  the  common  carotid  arteries,  the  right 
and  left  lobes  of  the  thyroid  gland,  the  inferior  thyroid  arteries,  and  the  recurrent  nerves;  In  the 
Hiorax,  it  Ues  in  the  superior  mediastinal  cavity,  and  is  in  relation  on  the  right  aide  with  the 
pleura  and  right  vagus,  and  near  the  root  of  the  neck  with  the  innominate  artery;  on  its  left  aide 
are  the  left  recurrent  nerve,  the  aortic  arch,  and  the  left  common  carotid  and  subclavian  arteries. 


The  right  btonchos  (brimckiia  dextcT),  wider,  shorter,  and  more  vertical  in  direc- 
tion than  the  left,  is  about  2.5  cm.  long,  and  enters  the  right  lung  nearly  opposite 
the  fifth  thoracic  vertebra.  The  azygos  vein  arches  over  it  from  behind;  and  the 
right  pulmonary  artery  lies  at  first  below  and  then  in  front  of  it.  About  2  cm. 
from  its  commencement  it  gives  off  a  bianch  to  the  upper  lobe  of  the  right  lung. 
This  is  termed  the  eparterial  branch  of  the  bronchus,  because  it  arises  above  the  right 
pulmonary  artery.  The  bronchus  now  passes  below  the  artery,  and  is  kuown  as  the 
hyparterial  branch;  it  divides  into  two  branches  for  the  middle  and  lower  lobes. 

The  left  bronchus  (bT<mchu3  sinister)  is  smaller  in  calibre  but  longer  than  the 
right,  being  nearly  5  cm.  long.  It  enters  the  root  of  the  left  lung  opposite  the  sixth 
thoracic  vertebra.  It  passes  beneath  the  aortic  arch.  Crosses  in  front  of  the  oeso- 
phagus, the  thoracic  duct,  and  the  descending  aorta,  and  has  the  left  pulmonary 
artery  lying  at  first  above,  and  then  in  front  of  it.  The  left  bronchus  has  no 
eparterial  branch,  and  therefore  it  has  been  supposed  by  some  that  there  is  no 

upper  lobe  to  the  left  lung,  but  that  the 
.»£.,.  so-called  upper  lobe  corresponds  to  the 

middle  lobe  of  the  right  lung. 
The  further  subdivisions  of  the  bronchi 

will  be  considered  with  the  anatomy  of 

the  lung. 
If  a  transverse  section  be  made  across 

the  trachea  a  short  distance  above  its 

point  of  bifurcation,  and  a  bird's-eye  view 

taken  of  its  interior  (Fig.  914),  the  septum 
interior.  placcd  at  the  bottom  of  the  trachea  and 

separating  the  two  bronchi  will  be  seen 
to  occupy  the  left  of  the  median  line,  and  the  right  bronchus  appears  to  be  a  more 
direct  continuation  of  the  trachea  than  the  left,  so  that  any  solid  body  dropping 
into  the  trachea  would  naturally  be  directed  toward  the  right  bronchus.  This 
tendency  is  aided  by  the  larger  diameter  of  the  right  tube  as  compared  with 
its  fellow.  This  fact  serves  to  explain  why  a  foreign  body  in  the  trachea  more 
frequently  falls  into  the  right  bronchus.' 

Stmctnn  (Fig.  dl5)  — The  trachea  and  extrapulmonary  bronchi  are  composed  of  imperfect 
rings  of  hyaline  cartilage,  fibrous  tissue,  muscular  fibres,  mucous  membrane,  and  glands. 

The  eutilages  of  the  trachea  vary  from  sixteen  to  twenty  in  number;  each  forms  an  imperfect 
ring,  which  occupies  the  anterior  two-thirds  or  so  of  the  circumference  of  tiie  trachea,  being 
deficient  behind,  where  the  tube  Is  completed  by  fibrous  tissue  and  unstriped  muscular  fibres. 
The  cartilages  are  planed  horizontally  above  each  other,  separated  by  narrow  intervals.  They 
measure  about  4  mm.  in  depth  and  1  mm.  in  thickness.  Their  outer  surfaces  are  flattened  in 
a  vertical  direction,  but  the  internal  are  convex,  the  cartilages  being  thicker  in  the  middle  than 

'  Tlfrigel  UKrtH  that  the  entry  of  a  torpiin  body  into  the  t'/l  bronnhiu  in  by  no  muBos  bo  infrequeat  u  is  cenerall]' 
auppoaed.     Bee  also  Med.-Chi,  Trans.,  Ixii,  121. 
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at  the  mttrgins.  Two  or  more  of  the  cartilages  often  unite,  partially  or  completely,  and  they 
are  sometimes  bifurcated  at  their  extremitiee.  They  are  highly  elastic,  but  may  become  calcified 
ia  advanced  life.  In  the  right  bronchus  the  cartilages  vary  in  number  from  six  to  eight;  in  the 
left,  from  nine  to  twelve.  They  are  shorter  and  narrower  than  those  of  the  trachea,  but  have 
the  same  shape  and  arrangement.  The  peculiar  tracheal  cartilages  are  the  first  and  the  last 
(Fig.  913). 

The  firit  cartilage  is  broader  than  the  rest,  and  ofI«n  divided  at  one  end;  it  ia  connected  by 
the  cricotracheol  Ugament  with  the  lower  border  of  the  cricoid  cartilage,  with  which,  or  with 
the  succeeding  cartilage,  it  is  sometimes  blended. 

The  lut  cartilaga  is  thick  and  broad  in  the  middle,  in  consequence  of  its  lower  border  being 
prolonged  into  a  triangular  hook-shaped  process,  which  curves  downward  and  backward  between 
the  two  bronchi.  It  ends  on  each  aide  in 
an  imperfect  ring,  which  encloses  the  com- 
mencement of  the  bronchus.  The  cartilage 
above  the  last  is  somewhat  broader  than 
the  others  at  its  centre. 

The  Fibrous  Honbruie.— The  cartilages 
are  enclosed  in  an  elastic  fibrous  mem- 
brane, which  consists  of  two  layers;  one, 
the  thicker,  passing  over  the  outer  surface 
of  the  ring,  the  other  over  the  inner  sur- 
face: at  the  upper  and  lower  margins  of 
the  cartilages  the  two  layers  blend  together 
to  form  a  sii^^e  membrane,  which  connects 
the  rings  one  with  another.  They  are  thus 
invested  by  the  membrane.  In  the  space 
behind,  between  the  ends  of  the  rings,  the 
membrane  forms  a  single  layer. 

The  mtuculai  tiasne  consists  of  two 
layers  of  non-striated  muscle,  longitudinal 
and  transverse.  The  longltndlnkl  fibers 
are  external,  and  consist  of  a  few  scattered 
bundles.  The  truiSTerse  fibres  {Traehealit 
mtitde)  are  internal,  and  form  a  thin  layer 
which  extends  transversely  between  the 
ends  of  the  cartilages. 

Hneous  Hembruie.— The  mucous  mem- 
brane is  continuous  above  with  that  of  the 
larynx,  and  below  with  that  of  the  bron- 
clii.  It  consists  of  areolar  and  lymphoid 
tissue,  and  presents  a  well-marked  base- 
ment membrane,  supporting  a  stratified 
epithelium,  the  surface  layer  of  which  is 
columnar  and  ciliated,  while  the  deeper 
layers  are  composed  of  oval  or  rounded 
cells.    Beneath    the    basement    membrane  FiQ-  9i5.— TriiKvene  aectioa  at  trwbco. 

there   is   a   distinct   layer   of   longitudinal 

elastic  fibres  with  a  small  amount  of  intervening  areolar  tissue.  The  submucous  layer  is  com- 
posed of  a  loose  mesh-work  of  cormective  tissue,  containing  large  bloodvessels,  nerves,  and 
mucous  glands;  the  ducts  of  the  latter  pierce  the  overlying  layers  and  open  on  the  surface 
(Fig.  915). 

Vessels  utd  Nerves.— The  trachea  is  supplied  with  blood  by  the  inferior  thyroid  uteiiea. 
The  veiiu  end  in  the  thyroid  venous  plexus.  The  nerves  are  derived  from  the  vagus  and  the 
recurrent  nerves,  and  from  the  sympathetic;  they  arc  distributed  to  the  Trachealis  muscles  and 
between  the  epithelial  cells. 

Applied  Aiuitom7. —  Foreign  bodies  often  find  their  way  into  the  air  passages.  These  may 
consist  of  large  soft  substances,  as  pieces  of  meat,  which  may  become  lodged  in  the  entrance  of 
the  larynx,  or  in  the  rima  glottidia,  and  cause  speedy  suffocation  unless  rapidly  got  rid  of,  or  unless 
an  opening  is  made  into  the  air  passages  below,  so  as  to  enable  the  patient  to  breathe.  Smaller 
bodies,  frequently  of  a  hard  nature,  such  as  cherry  or  plum  stones,  small  pieces  of  bone,  buttons, 
etc.,  may  find  their  way  through  the  rima  glottidis  into  the  trachea  or  bronchus,  or  may  become 
lodged  in  the  ventricle  of  the  larynx.  The  dangers  then  depend  not  so  much  upon  the  mechanical 
obstruction  as  upon  the  spasm  of  the  glottis  which  they  excite  from  reflex  irritation.  When 
lodged  in  the  ventricle  of  the  larynx,  they  may  produce  very  few  symptoms,  beyond  sudden 
loss  of  voice  or  alteration  in  the  voice  sounds  immediately  after  the  inhalation  of  the  foreign 
body.    When,  however,  they  are  situated  in  the  trachea,  they  are  constantly  striking  i^ainst 
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the  vocal  folds  during  expiratory  efforts,  and  produce  attacks  of  dyspnoea  from  spasm  of  the 
glottis.  When  lodged  in  the  bronchus,  they  usually  become  fixed  there,  and,  occluding  the 
lumen  of  the  tube,  cause  a  loss  of  the  respiratory  murmur  on  the  affected  side,  and  may  subse- 
quently lead  to  purulent  bronchitis  and  gangrene  of  the  lung.  Foreign  bodies  in  the  air  pa.ssages 
should  always  be  removed  as  soon  as  possible. 

Beneath  the  mucous  membrane  of  the  upper  part  of  the  air  passages  there  is  a  considerable 
amount  of  submucous  tissue,  which  is  liable  to  become  much  swollen  from  effusion  in  inflam- 
matory affections,  constituting  the  condition  known  as  asdema  of  the  glottis.  This  effusion  does 
not  extend  below  the  level  of  the  vocal  folds,  on  account  of  the  fact  that  the  mucous  membrane 
is  closely  adherent  to  these  structures  without  the  intervention  of  any  submucous  tissue.  So 
that,  in  cases  of  oedema  of  the  glottis,  in  which  it  is  necessary  to  open  the  air  passages  to  prevent 
suffocation,  the  operation  of  laryngotomy  is  sufficient.  Lar3mgeal  or  glottidean  oedema  may 
be  secondary  to  some  local  inflammatory  affection,  such  as  acute  septic  laryngitis,  syphilitic 
laryngeal  perichondritis,  or  to  malignant  disease.  Or  the  oedema  may  be  passive  (non-inflam- 
matory), consequent  upon  renal  or  cardiac  mischief,  angioneurotic  oedema;  or,  in  unusually 
susceptible  persons,  the  administration  of  potassium  iodide. 

Chronic  laryngitis  is  an  inflammation  of  the  mucous  glands  of  the  larynx,  which  occurs  in 
those  who  speak  much  in  public,  and  is  known  as  clergyman^ s  sore  throat.  It  is  due  to  the  dryness 
induced  by  the  large  amount  of  cold  air  drawn  into  the  air  passages  during  prolonged  speaking, 
which  excites  increased  activity  of  the  mucous  glands  to  keep  the  parts  moist,  and  this  eventually 
terminates  in  inflammation  of  these  structures. 

Ulceration  of  the  larynx  may  occur  from  syphilis,  either  as  a  superficial  ulceration,  or  from 
the  softening  of  a  gumma;  from  tuberculous  disease  (laryngeal  phthisis),  or  from  malignant 
disease  (epithelioma). 

Xhe  air  passages  may  be  opened  in  three  different  situations:  by  a  vertical  incision  through 
the  centre  of  the  th3rroid  cartilage  (thyroto7ny) ;  through  the  middle  cricothyroid  hgament  (laryn- 
goUymy)j  or  in  some  part  of  the  trachea  {tracheotomy). 

Thyrotomy  is  usually  performed  for  the  purpose  of  removing  growths  from  the  vocal  folds  or 
for  extracting  foreign  bodies  from  the  ventricle  of  the  larynx.  A  median  incision  is  made  from 
the  upper  border  of  the  body  of  the  hyoid  bone  to  the  lower  border  of  the  cricoid  cartilage,  and 
is  carried  through  the  subcutaneous  tissues  and  deep  fascia  between  the  margins  of  the  Sterno- 
hyoidei.  An  incision  is  then  made  in  the  middle  cricothyroid  ligament,  and  one  blade  of  a  stout, 
sharp-pointed  pair  of  scissors  is  introduced  beneath  the  lower  border  of  the  thyroid  cartilage, 
and  this  structure  is  divided  from  below  upward.  Great  care  must  be  taken  to  cut  exactly  in 
the  middle  line  to  avoid  wounding  the  vocal  folds.  If  the  two  halves  of  the  cartilage  are  now 
drawn  apart,  a  very  good  view  of  the  interior  of  the  larynx  will  be  obtained. 

Laryngotomy  is  anatomically  a  simple  operation:  it  can  readily  be  performed,  and  should 
be  employed  in  those  cases  where  the  air  passages  require  opening  in  an  emergency  for  the  relief 
of  some  sudden  obstruction  to  respiration.  The  middle  cricothyroid  membrane  is  very  super- 
ficial, being  covered  only  in  the  middle  line  by  the  skin,  superficial  fascia,  and  the  deep  fascia. 
On  either  side  of  the  middle  hne  it  is  also  covered  by  the  Stemohyoideus  and  Sternothyreoideus, 
which  diverge  from  each  other  at  their  upper  parts,  leaving  a  slight  interval  between  them.  On 
these  muscles  rest  the  anterior  jugular  veins.  The  only  vessel  of  any  importance  in  connection 
with  this  operation  is  the  cricothyroid  artery,  which  crosses  the  middle  cricothyroid  ligament, 
and  may  be  wounded,  but  rarely  gives  rise  to  any  trouble.  The  operation  is  performed  thus:  the 
head  being  thrown  back  and  steadied  by  an  assistant,  the  finger  is  passed  over  the  front  of  the 
neck,  and  the  cricothyroid  depression  felt  for.  A  vertical  incision  is  then  made  through  the  skin 
in  the  middle  line  over  this  spot,  and  carried  down  through  the  fascia  until  the  middle  crico- 
th3rroid  ligament  is  exposed.  A  cross-cut  is  then  made  through  the  ligament  close  to  the  upper 
border  of  the  cricoid  cartilage,  so  as  to  avoid,  if  possible,  the  cricothyroid  artery,  and  a  laryn- 
gotomy tube  inserted.  It  has  been  recommended,  as  a  more  rapid  w^ay  of  performing  the  opera- 
tion, to  make  a  transverse  instead  of  a  longitudinal  cut  through  the  superficial  structures,  and 
thus  to  open  at  once  the  air  passages.  It  will  be  seen,  however,  that  in  operating  in  this  way 
the  anterior  jugular  veins  are  in  danger  of  being  wounded. 

Tracheotomy  may  be  performed  either  above  or  below  the  isthmus  of  the  thyroid  gland,  or 
this  structure  may  be  divided  and  the  trachea  opened  behind  it. 

From  the  relations  already  described,  it  must  be  evident  that  the  trachea  can  be  more  readily 
opened  above  than  below  the  isthmus  of  the  thjn-oid  gland. 

Tracheotomy  above  the  isthmus  is  performed  thus:  the  patient  should,  if  possible,  be  laid 
on  his  back  on  a  table  in  a  good  light.  A  pillow  is  to  be  placed  under  the  shoulders  and  the 
head  thrown  back  and  steadied  by  an  assistant.  The  surgeon  standing  on  the  right  side  of  his 
patient  makes  an  incision  from  4  to  5  cm.  long  in  the  median  line  of  the  neck  from  the  top  of 
the  cricoid  cartilage.  The  incision  must  be  made  exactly  in  the  middle  line  so  as  to  avoid  the 
anterior  jugular  veins,  and  after  the  superficial  structures  have  been  divided,  the  interval  between 
the  Sternohyoidei  must  be  found,  the  raph6  divided,  and  the  muscles  drawn  apart.  The  lower 
border  of  the  cricoid  cartilage  must  now  be  felt  for,  and  the  upper  part  of  the  trachea  exposed 
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from  this  point  downward  in  the  middle  line.  Bose  has  recommended  that  the  layer  of  fascia 
in  front  of  the  trachea  should  be  divided  transversely  at  the  level  of  the  lower  border  of  the 
cricoid  cartilage,  and,  having  been  seized  with  a  pair  of  forceps,  pressed  downward  with  the 
handle  of  the  scalpel.  By  this  means  the  isthmus  of  the  thyroid  gland  is  depressed  and  is  saved 
from  all  danger  of  being  wounded,  and  the  trachea  cleanly  exposed.  The  trachea  is  now  trans- 
fixed with  a  sharp  hook  and  drawn  forward  in  order  to  steady  it,  and  is  then  opened  by  inserting 
the  knife  into  it  and  dividing  the  upper  two  or  three  rings  by  cutting  upward.  If  the  trachea  is 
to  be  opened  beneath  the  isthmus,  the  incision  must  be  made  from  a  little  below  the  cricoid 
cartilage  to  the  top  of  the  sternum. 

A  portion  of  the  larynx  or  the  whole  of  it  may  be  removed  for  malignant  disease.  The  results 
which  have  been  obtained  from  the  removal  of  the  whole  of  it  have  not  been  very  satisfactory, 
and  the  cases  in  which  the  operation  is  justifiable  are  very  few.  It  may  be  removed  by  a  median 
incision  through  the  soft  parts,  freeing  the  cartilages  from  the  muscles  and  other  structures 
in  front,  separating  the  larynx  from  the  trachea  below,  and  dissecting  off  the  deeper  structure 
from  below  upward. 

THE  PLEURA. 

Each  lung  is  invested  by  an  exceedingly  delicate  serous  membrane,  the  pleura, 
which  is  arranged  in  the  form  of  a  closed  invaginated  sac.  A  portion  of  the  serous 
membrane  covers  the  surface  of  the  lung  and  dips  into  the  fissures  between  its 
lobes;  it  is  called  the  pulmonary  pleura.  The  rest  of  the  membrane  lines  the  inner 
surface  of  the  chest  wall,  covers  the  Diaphragma,  and  is  reflected  over  the  structures 
occupying  the  middle  of  the  thorax;  this  portion  is  termed  the  parietal  pleura.  The 
two  layers  are  continuous  with  one  another  around  and  below  the  root  of  the  lung; 
in  health  they  are  in  actual  contact  with  one  another,  but  the  potential  space 
between  them  is  known  as  the  pleural  cavity.  When  the  lung  collapses  or  when 
air  or  fluid  collects  between  the  two  layers  the  cavity  becomes  apparent.  The  right 
and  left  pleural  sacs  are  entirely  separate  from  one  another;  between  them  are  all 
the  thoracic  viscera  except  the  lungs,  and  they  only  touch  each  other  for  a  short 
distance  in  front;  opposite  the  second  and  third  pieces  of  the  sternum  the  interval 
between  the  two  sacs  is  termed  the  mediastinal  cavitv. 

Different  portions  of  the  parietal  pleura  have  received  special  names  which 
indicate  their  position:  thus,  that  portion  which  lines  the  inner  surfaces  of  the 
ribs  and  Intercostales  is  the  costal  pleura;  that  clothing  the  convex  surface  of  the 
Diaphragma  is  the  diaphragmatic  pleura;  that  which  rises  into  the  neck,  over  the 
summit  of  the  lung,  is  the  cupula  of  the  pleura  (cervical  -pleura) ;  and  that  which  is 
applied  to  the  other  thoracic  viscera  is  the  mediastinal  pleura. 

Beflections  of  the  Pleura  (Figs.  916,  917). — Commencing  at  the  sternum,  the 
pleura  passes  lateralward,  lines  the  inner  surfaces  of  the  costal  cartilages,  ribs, 
and  Intercostales,  and  at  the  back  part  of  the  thorax  passes  over  the  sympathetic 
trunk  and  its  branches,  and  is  reflected  upon  the  sides  of  the  bodies  of  the  vertebrse, 
where  it  is  separated  by  a  narrow  interval,  the  posterior  mediastinal  cavity,  from 
the  opposite  pleura.  From  the  vertebral  column  the  pleura  passes  to  the  side  of  the 
pericardium,  which  it  covers  to  a  slight  extent;  it  then  covers  the  back  part  of  the 
root  of  the  lung,  from  the  lower  border  of  which  a  triangular  sheet  descends  verti- 
cally toward  the  Diaphragma.  This  sheet  is  the  posterior  layer  of  a  wide  fold, 
known  as  the  pulmonary  ligament.  From  the  back  of  the  lung  root,  the  pleura 
may  be  traced  over  the  costal  surface  of  the  lung,  the  apex  and  base,  and  also  over 
the  sides  of  the  fissures  between  the  lobes,  on  to  its  mediastinal  surface  and  the  front 
part  of  its  root.  It  is  continued  from  the  lower  margin  of  the  root  as  the  anterior 
layer  of  the  pulmonary  ligament,  and  from  this  it  is  reflected  on  to  the  pericardium 
(pericardial  pleura),  and  from  it  to  the  back  of  the  sternum.  Above  the  level  of 
the  root  of  the  lung,  however,  the  mediastinal  pleura  passes  uninterruptedly  from 
the  vertebral  column  to  the  sternum  over  the  structures  in  the  superior  media- 
stinal cavity.  Below,  it  covers  the  upper  surface  of  the  Diaphragma  and  extends, 
in  front,  as  low  as  the  costal  cartilage  of  the  seventh  rib;  at  the  side  of  the  chest, 
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to  the  lower  border  of  the  tenth  rib  on  the  left  aide  and  to  the  upper  border  of  the 
same  rib  on  the  right  side;  and  behind,  it  reaches  as  low  as  the  twelfth  rib,  and  some- 
times even  to  the  transverse  process  of  the  first  lumbar  vertebra.  Above,  its  cupula 
projects  through  the  superior  opening  of  the  thorax  into  the  neck,  extending  from 
2.5  to  5  cm.  above  the  sternal  end  of  the  first  rib;  this  portion  of  the  sac  is  strength- 
ened by  a  dome-like  expansion  of  fascia  (Sibson's  fascia),  attached  in  front  to  the 
inner  border  of  the  first  rib,  and  behind  to  the  anterior  border  of  the  transverse 
process  of  the  seventh  cervical  vertebra.  This  is  covered  and  strengthened  by  a 
few  spreading  muscular  fibres  derived  from  the  Scaleni. 


Loofr  margin  of  pleura 

Fio.  SIB. — Front  visw  o[  Uioni.  abawing  tba  reUtiona  of  ths  pleurs  ud  Itincs  to  the  chsit  waU. 
Pleura  ia  blue;  lungi  in  puiple. 

In  the  front  of  the  chest,  where  the  parietal  pleura  is  reflected  backward  to  the 
pericardium,  the  two  pleural  sacs  are  in  contact  for  a  short  distance.  At  the  upper 
part  of  the  chest,  behind  the  manubrium,  they  are  separated  by  an  angular  interval ; 
the  line  of  reflection  being  represented  by  a  line  drawn  from  the  sternoclavicular 
articulation  to  the  mid-point  of  the  junction  of  the  manubrium  with  the  body 
of  the  sternum.  From  this  point  the  two  pleuree  descend  in  close  contact  to  the 
level  of  the  fourth  costal  cartilages,  and  the  line  of  reflection  on  the  right  side  is 
continued  downward  in  nearly  a  straight  line  to  the  xiphoid  process,  and  then 
turns  lateralward,  while  on  the  left  side  the  line  of  reflection  diverges  lateralward 
and  is  continued  downward,  close  to  the  left  border  of  the  sternum,  as  far  as  the 
sixth  costal  cartilage.  The  inferior  limit  of  the  pleura  is  on  a  considerably  lower 
level  than  the  corresponding  limit  of  the  lung,  but  does  not  extend  to  the  attach- 
ment of  the_  Diaphragma,  so  that  below  the  line  of  reflection  of  the  pleura  from  the 
chest  wall  on  to  the  Dtaphragma  the  latter  is  in  direct  contact  with  the  rib  cartilages 
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and  the  Intercostales  interni.  Moreover,  in  ordinary  inspiration  the  thin  inferior 
margin  of  the  lung  does  not  extend  as  low  as  the  line  of  the  pleural  reflection,  with 
the  result  that  the  costal  and  diaphragmatic  pleurse  are  here  in  contact,  the  inter- 
vening narrow  slit  being  termed  the  phrenicocostal  sinus.  A  similar  condition 
exists  behind  the  sternum  and  rib 

cartilages,  where  the  anterior  thin  ~     - 

margin  of  the  lung  falls  short  of  an  art. 

the  line  of  pleural  reflection,  and  nnaievein 

where  the  slit-like  cavity  between 
the  two  layers  of  pleura  forms 
what  is  called  the  costomediastiiial 
sinus. 

The  line  along  which  the  right 
pleura  is  reflected  from  the  chest- 
wall  to  the  Diaphragma  starts  in 
front,  immediately  below  the 
seventh  sternocostal  joint,  and 
runs  downward  and  backward 
behind  the  seventh  costal  carti- 
lage so  as  to  cross  the  tenth  rib  in 
the  mid-axillary  line,  from  which 

it  is  prolonged  to  the  spinous  pro-  , 

cess  of  the  twelfth  thoracic  verte- 
bra. The  reflection  of  the  left 
pleura  follows  at  first  the  ascending 
part  of  the  sixth  costal  cartilage, 

and  in  the  rest  of  its  course  is  .j,,, 

slightly  lower  than  that  of  the  right  » 

side.  of  lung 

The  free  surface  of  the  pleura  is 
smooth,  polished,  and  moistened 
by  a  serous  fluid;  its  attached  sur- 
face is   intimately   adherent   to  the  FIo.  017— LMem  vie*  of  Uiom.  ahowing  tiM   reUtlooa  at 

lung,  and  to  the  pulmonary  vessels    X"'."""  ""'  '""^  *°  *^ ''""'  ""■   '''™" '"  "'"^  '"^  ^ 
as  they  emerge  from  the  pericar- 
dium;  it  is  also  adherent  to  the  upper  surface  of  the  Diaphragma:  throughout  the 
rest  of  its  extent  it  is  easily  separable  from  the  adjacent  parts. 

The  right  pleural  sac  is  shorter,  wider,  and  reaches  higher  in  the  neck  than  the 
left. 

Polmcoiary  Ligament  (ligamentum  pulmorude;  ligamenium  latum  pulmonia). — 
From  the  above  description  it  will  be  seen  that  the  root  of  the  lung  is  covered  in 
front,  above,  and  behind  by  pleura,  and  that  at  its  lower  border  the  investing 
layers  come  into  contact.  Here  they  form  a  sort  of  mesenteric  fold,  the  pulmonary 
ligament,  which  extends  between  the  lower  part  of  the  mediastinal  surface  of  the 
lung  and  the  pericardium.  Just  above  the  Diaphragma  the  ligament  ends  in  a  free 
falciform  border.    It  serves  to  retain  the  lower  part  of  the  lung  in  position. 

SbuctUTO  of  Plenn. — Like  other  serous  membranes,  the  pleura  b  covered  by  a  single  layer 
of  flattened,  nucleated  cells,  united  at  their  edges  by  cement  substance.  These  cells  are  modified 
connective-tissue  corpuscles,  and  rest  on  a  basement  membrane.  Beneath  the  basement  mem- 
brane there  are  net-works  of  yellow  elastic  and  white  fibres,  imbedded  in  ground  substance  which 
also  contains  connective-tissue  cells.  Bloodvessels,  lymphatics,  and  nerves  are  distributed  in 
the  substance  of  the  pleura,  and  the  lymphatics  communicate  with  the  pleural  cavity  by  means 
of  stomata  or  openings  between  the  cells  of  the  superficial  layer. 

V«uels  uid  N«rT«. — The  artsriei  of  Qw  pleura  are  derived  from  the  intercostal,  internal 
mammary,  musculophrenic,  thymic,  pericardiac,  and  bronchial  vessels.    The  niiu  correspond 
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to  the  arteries.  The  Ijrinphatics  are  described  on  page  800.  The  nerves  are  derived  from  the 
phrenic  and  sympathetic  (Luschka).  Kolliker  states  that  nerves  accompany  the  ramifications 
of  the  bronchial  arteries  in  the  pulmonary  pleura. 

Applied  Anatomy. — Acute  inflammation  of  the  pleura  or  pleurisy  may  be  either  dr\'  or  wet, 
and,  if  wet,  either  serous  or  purulent.  Dry  pleurisy  is  common  in  pneumonia,  and  is  often  an 
early  manifestation  of  tuberculosis.  It  gives  rise  to  much  pain,  and  to  friction  sounds  due  to 
the  scraping  to  and  fro  over  one  another  of  the  inflamed  and  roughened  parietal  and  puhnonary 
pleurae.  Wei  pleurisy  occurs  if  the  inflammation  causes  the  effusion  of  serum  into  the  pleural 
cavity.  The  two  pleural  layers  are  now  separated  by  the  fluid  effusion,  so  the  friction  sounds 
are  no  longer  produced.  Room  is  found  for  the  fluid  by  shrinkage  of  the  supernatant  lung  due 
to  the  retraction  of  its  elastic  tissue,  and  later,  when  the  quantity  of  serum  exceeds  about  1.5 
litre,  by  shifting  over  of  the  heart  and  unaffected  lung  toward  the  soimd  side.  This  shifting 
may  be  so  extensive  that  the  apex  beat  of  the  heart  comes  to  lie  imder  the  right  mammary  papilla. 
Any  pleural  effusion  that  is  large  enough  to  embarrass  respiration  seriously,  or  has  remained 
unabsorbed  for  two  or  three  weeks,  should  be  removed  by  tapping  (paracentesis  thoracis).  The 
trocar  is  pushed  through  the  chest  wall  into  the  fluid,  in  the  sixth  or  seyenth  intercostal  space 
in  the  mid-axillary  line,  or  in  the  eighth  or  ninth  space  just  outside  the  angle  of  the  scapula. 
Aspiration  is  then  performed,  and  as  much  fluid  as  possible  drawn  off;  it  must  be  stopped,  how- 
ever, if  the  patient  shows  signs  of  collapse,  or  if  fits  of  coughing  occur  and  threaten  to  wound 
the  expanding  lung  against  the  sharp  end  of  the  trocar.  Non-inflammatory  or  passive  effusion 
into  the  pleura,  called  hydrothoraxy  is  often  seen  in  the  later  stages  of  chronic  renal  or  cardiac 
disease,  and  demands  treatment  on  lines  similar  to  the  above. 

Purulent  pleural  effusion,  or  empyema^  often  occurs  after  such  diseases  as  pneumonia  or  measles. 
This  condition  requires  drainage  of  the  cavity,  which  usually  necessitates  excision  of  a  portion 
of  the  rib.  An  incision  is  made  down  to  the  seventh  or  eighth  rib  in  the  mid-  or  posterior  axillary 
line  and  the  periosteum  is  incised,  and  separated  from  the  shaft  of  the  rib,  carrying  with  it  the 
structures  in  the  costal  groove.  With  bone-cutting  forceps  about  4  or  5  cm.  of  the  rib  are  sepa- 
rated and  removed,  and  the  underlying  pleura  is  incised.  The  pus  having  been  evacuated,  a  large 
drainage-tube  is  inserted  into  the  cavity.  The  pleura  should  never  be  irrigated,  as  sudden  death 
has  followed  this  proceeding,  and  great  care  should  be  taken  to  prevent  the  tube  from  slipping 
into  the  cavity,  an  occurrence  which  is  far  from  uncommon. 

PneumoihoraXj  or  the  presence  of  gas  in  the  pleural  cavity,  is  a  common  terminal  event  in 
tuberculosis  of  the  lungs;  less  often  it  is  due  to  trauma — rupture  of  the  lung,  for  example,  when 
the  chest  is  crushed;  or  tearing  of  the  limg  tissue  by  the  sharp  projecting  end  of  a  broken  rib. 
Air  escapes  from  the  lung  into  the  pleural  cavity;  the  elastic  tissue  of  the  lung  at  once  contracts, 
and  finally  that  organ  shrinks  away  to  a  dark  rounded  mass  the  size  of  a  fist,  lying  close  against 
the  vertebral  column.  The  symptoms  of  pneumothorax  are  often  very  severe;  cyanosis,  intense 
dyspnoea,  great  pain  on  the  affected  side,  and  cardiac  failure.  Their  severity  is  increased  by 
the  fact  that  the  bloodvessels  of  the  collapsed  lung  offer  less  resistance  to  the  circulation  of 
the  blood  than  do  those  of  the  other  lung.  Not  only,  therefore,  does  the  sound  lung  suddenly 
have  to  take  over  the  work — the  aeration  of  the  blood — normally  performed  by  both  lung^,  but 
it  has  to  do  so  at  the  moment  when  the  circulation  of  blood  through  it  is  partially  short-circuited 
by  the  collapsed  lung.  If  the  patient  sur\Mves  for  a  few  days,  empyema  often  complicates  the 
pneumothorax,  getting  up  the  condition  called  pyopneumolharax. 

In  operations  upon  the  kidney,  it  must  be  borne  in  mind  that  the  pleura  usually  extends 
below  the  level  of  the  medial  portion  of  the  last  rib,  and  may  therefore  be  opened  in  these  opera- 
tions, especially  when  the  last  rib  is  removed  in  order  to  give  more  room. 

THE  MEDIASTINAL  CAVITT   (INTERPLEURAL   SPACE). 

The  mediastinal  cavity  is  the  space  between  the  right  and  left  pleurae  in  ami  near 
the  median  sagittal  plane  of  the  chest.  It  extends  from  the  sternum  in  front 
to  the  vertebral  column  behind,  and  contains  all  the  thoracic  viscera  excepting 
the  lungs.  The  cavity  may  be  divided  for  purposes  of  description  into  two  parts: 
an  upper  portion,  above  the  upper  level  of  the  pericardium,  which  is  named  the 
superior  mediastinal  cavity;  and  a  lower  portion,  below  the  upper  level  of  the 
pericardium.  This  lower  portion  is  again  subdivided  into  three  parts,  viz.,  that 
in  front  of  the  pericardium,  the  anterior  mediastinal  cavity;  that  containing  the 
pericardium  and  its  (contents,  the  middle  mediastinal  cavity;  and  that  beliind 
the  pericardium,  the  posterior  mediastinal  cavity. 

The  superior  mediastinal  cavity  (Fig.  918)  is  that  portion  of  the  interpleural 
space  which  lies  between  the  manubrium  sterni  in  front,  and  the  up|x*r  thoracic 
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vertebra  behind.    It  is  bounded  below  by  a  slightly  oblique  plane  passing  backward 
•from  the  junction  of  the  manubrium  and  body  of  the  sternum  to  the  lower  part 
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of  the  body  of  the  fourth  thoracic  vertebra,  and  laterally  by  the  pleurte.  It  eon- 
tains  the  origins  of  the  Sternohyoidei  and  Sternothyreoidei  and  the  lower  ends  of* 
the  Longi  colli;  the  aortic  arch;  the  innominate  artery  and  the  thoracic  portions 
of  the  left  common  carotid  and  the  left  subclavian  arteries;  the  innominate  veins 
and  the  upper  half  of  the  superior  vena  cava;  the  left  highest  intercostal  vein;  the 
vagus,  cardiac,  phrenic,  and  left  recurrent  nerves;  the  trachea,  oesophagus,  and 
thoracic  duct;  the  remains  of  the  thymus,  and  some  lymph  glands.       . 


The  anterior  mediastinal  cavity  (Fig.  919)  exists  oiilj-  on  the  left  side  where 
the  left  pleura  diverges  from  the  mid-sternal  line.  It  is  bounded  in  front  by  the 
sternum,  laterally  by  the  pleurip,  and  behind  by  the  pericardium.  It  is  narrow, 
above,  but  widens  out  a  little  below.  Its  anterior  wall  is  formed  by  the  left  Trans- 
versus  thoracis  and  the  fifth,  sixth,  and  seventh  left  costal  cartilages.    It  contains 
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a  quantity  of  loose  areolar  tissue,  some  lymphatic  vessels  which  ascend  from  the 
convex  surface  of  the  liver,  two  or  three  anterior  mediastinal  lymph  glands,  and 
the  small  mediastinal  branches  of  the  internal  mammary  artery. 

The  middle  mediastinal  cavity  (Fig.  919)  is  the  broadest  part  of  the  interpleural 
space.  It  contains  the  heart  enclosed  in  the  pericardium,  the  ascending  aorta, 
the  lower  half  of  the  superior  vena  cava  with  the  azygos  vein  opening  into  it, 
the  bifurcation  of  the  trachea  and  the  two  bronchi,  the  pulmonary  artery  dividing 
into  its  two  branches,  the  right  and  left  pulmonary  veins,  the  phrenic  nerves, 
and  some  bronchial  lymph  glands. 

The  posterior  mediastinal  cavity  (Figs.  919,  920)  is  an  irregular  triangular 
space  running  parallel  with  the  vertebral  column;  it  is  bounded  in  front  by  the 
pericardium  above,  and  by  the  posterior  surface  of  the  Diaphragma  below,  behind 
by  the  vertebral  column  from  the  lower  border  of  the  fourth  to  the  twelfth  thoracic 
vertebra,  and  on  either  side  by  the  mediastinal  pleura.  It  contains  the  thoracic 
part  of  the  descending  aorta,  the  azygos  and  the  two  hemiazygos  veins,  the  vagus 
and  splanchnic  nerves,  the  oesophagus,  the  thoracic  duct,  and  some  lymph  glands. 

Applied  Anatomy. — Primary  tumors  of  the  mediastinum  are  usually  lymphoma  or  lympho- 
sarcoma arising  from  the  thymus  or  from  the  bronchial  or  posterior  mediastinal  lymph  glands 
sarcomata,  dermoid  cysts,  and  embryomata  occur  more  rarely.  These  tumors  give  rise  to  pain, 
deformity  of  the  chest,  and  symptoms  of  pressure  on  the  various  nerves,  bloodvessels,  air  passages, 
lymphatics,  and  on  the  oesophagus,  as  these  various  structures  pass  through  the  thorax.  They 
may  produce  physical  signs  very  much  like  those  of  an  aortic  aneurism,  so  that  diagnosis  between 
the  two  is  often  difficult.  The  prognosis  is  bad,  the  condition  usually  proving  fatal  within  a  few 
months  or  a  year  of  the  onset  of  the  s3rmptoms. 

Injlammation  of  the  mediastinum  due  to  wounds,  or  to  the  spread  of  inflammation  from  adja- 
cent parts,  e.  g.^  the  oesophagus,  the  pericardium,  is  sometimes  acute,  leading  to  abscess  forma- 
tion. A  more  chronic  form  associated  with  adhesions  and  inflanunation  of  the  pericardium — 
the  so-called  chronic  adhesive  mediastinopericarditis — gives  rise  to  obscure  symptoms  suggesting 
gradual  heart-failure,  and  leads  to  death  slowly  but  surely. 


THE  LUNGS    (PULMONES). 

The  lungs  are  the  essential  organs  of  respiration;  they  are  two  in  number,  placed 
one  on  either  side  within  the  thorax,  and  separated  from  each  other  by  the  heart 
and  other  contents  of  the  mediastinal  cavity  (Fig.  921).  The  substance  of  the  lung 
is  of  a  light,  porous,  spongy  texture;  it  floats  in  water,  and  crepitates  when  handled, 
owing  to  the  presence  of  air  in  the  alveoli;  it  is  also  highly  elastic;  hence  the  retracted 
state  of  these  organs  when  they  are  removed  from  the  closed  cavity  of  the  thorax. 
The  surface  is  smooth,  shining,  and  marked  out  into  numerous  polyhedral  areas, 
indicating  the  lobules  of  the  organ:  each  of  these  areas  is  crossed  by  numerous 
lighter  lines. 

At  birth  the  lungs  are  pinkish  white  in  color;  in  adult  life  the  color  is  a  dark 
slaty  gray,  mottled  in  patches;  and  as  age  advances,  this  mottling  assumes  a  black 
color.  The  coloring  matter  consists  of  granules  of  a  carbonaceous  substance 
deposited  in  the  areolar  tissue  near  the  surface  of  the  organ.  It  increases  in  quan- 
tity as  age  advances,  and  is  more  abundant  in  males  than  in  females.  As  a  rule, 
the  posterior  border  of  the  lung  is  darker  than  the  anterior. 

The  right  lung  usually  weighs  about  625  gm.,  the  left  567  gm.,  but  much  varia- 
tion is  met  with  according  to  the  amount  of  blood  or  serous  fluid  they  may  contain. 
The  lungs  are  heavier  in  the  male  than  in  the  female,  their  proportion  to  the  body 
being,  in  the  former,  as  1  to  37,  in  the  latter  as  1  to  43. 

Each  lung  is  conical  in  shape,  and  presents  for  examination  an  apex,  a  base, 
three  borders,  and  two  surfaces. 

The  apex  {apex  pulmonis)  is  rounded,  and  extends  into  the  root  of  the  neck, 
reaching  from  2.5  to  4  cm.  above  the  level  of  the  sternal  end  of  the  first  rib.    A 
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sulcus  produced  by  the  subclavian  artery  as  it  curves  in  front  of  the  pleura  runs 
upward  and  lateralward  immediately  below  the  apex. 

The  base  (fcajw  pidvionia)  is  broad,  concave,  and  rests  upon  the  convex  surface 
of  the  Diaphragma,  which  separates  the  right  lung  from  the  right  lobe  of  the  liver, 
and  the  left  lung  from  the  left  lobe  of  the  liver,  the  stomach,  and  the  spleen.  Since 
the  Diaphragma  extends  higher  on  the  right  than  on  the  left  side,  the  concavity 
on  the  base  of  the  right  lung  is  deeper  than  that  on  the  left.  Laterally  and  behind, 
the  base  is  bounded  hy  a  thin,  sharp  margin  which  projects  for  some  distance: 
into  the  phrenicocostal  sinus  of  the  pleura,  between  the  lower  ribs  and  the  costal 
attachment  nf  the  Diaphragma.  The  base  of  the  lung  descends  during  inspiration 
and  ascends  during  expiration. 


Surfaces.— The  costal  surface  (fades  cusialis:  externa!  or  fhoracic  surface)  is 
smiM)th.  convex,  ()f  consiflerable  extent,  and  corresponds  to  the  form  of  the  cavity 
of  the  chest,  being  deeper  behind  than  in  front.  It  is  in  contact  with  the  costal 
pleura,  and  presents,  in  specimens  which  have  l>een  hardened  in  situ,  slight  grooves 
corresponding  with  the  overlying  ribs. 

The  mediastinal  surface  (fades  mediasHnalis;  inner  surface)  is  in  contact  with 
the  mediastinal  pleura.  It  presents  a  deep  concavity,  the  cardiac  impression, 
which  accommodates  the  pericanlium;  this  is  larger  and  deeper  on  the  left  than 
on  the  right  lung,  on  account  of  the  heart  projecting  farther  to  the  left  than  to  the 
right  side  of  the  median  plane,  .\bove  and  behind  this  c<incavity  is  a  triangular 
depression  named  the  hilus,  where  the  structures  which  form  the  root  of  the  lung 
enter  and  leave  the  visciis.    These  structures  are  invested  by  pleura,  which,  below 
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the  hilus  and  behind  the  pericardial  impression,  forms  the  pulmonarj'  ligament. 
On  the  right  lung  (Fig.  922),  immediately  above  the  hilus,  is  an  arched  furrow 
which  accommodates  the  azygos  vein;  while  running  upward,  and  then  arching 
lateralward  some  little  distance  below  the  apex,  is  a  wide  groove  for  the  superior 
vena  cava  and  right  innominate  vein;  behind  this,  and  nearer  the  apex,  is  a  furrow 
for  the  innominate  artery.  Behind  the  hilus  and  the  attachment  of  the  pulmonary 
ligament  is  a  vertical  groove  for  the  cesophagus;  this  groove  becomes  less  distinct 
below,  owing  to  the  inclination  of  the  lower  part  of  the  oesophagus  to  the  left  of 
the  middle  line.  In  front  and  to  the  right  of  the  lower  part  of  the  cesophageal 
groove  is  a  deep  concavity  for  the  extrapericardiac  portion  of  the  thoracic  part 
of  the  inferior  vena  cava.  On  the  left  lung  (Fig.  923),  immediately  above  the  hilus, 
is  a  well-marked  cur\ed  furrow  produced  by  the  aortic  arch,  and  running  upward 
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from  this  toward  the  apex  is  a  groo\'e  accommodating  the  left  subclavian  artery; 
a  slight  impression  in  front  of  the  latter  and  close  to  the  margin  of  the  lung  lodges 
the  left  innominate  vein.  Behind  the  hilus  and  pulmonary  ligament  is  a  vertical 
furrow  produced  by  the  descending  aorta,  and  in  front  of  this,  near  the  base  of 
the  lung,  the  lower  part  of  the  oesophagus  causes  a  shallow  impression. 

Borders. — The  inferior  border  [margo  inferior)  is  thin  and  sharp  where  it  sepa- 
rates the  base  from  the  costal  surface  and  extends  into  the  phrenicocostal  sinus; 
medially  where  it  divides  the  base  from  the  mediastinal  surface  it  is  blunt  and 
rounded. 

The  posterior  border  {margo  posferior)  is  broad  and  rounded,  and  is  received  into 
the  deep  concavity  on  either  side  of  the  vertebral  column.  It  is  much  longer 
than  the  anterior  border,  and  projects,  below,  into  the  phrenicocostal  sinus. 
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The  anterior  border  (margo  anterior)  is  thio  and  sharp,  and  overlaps  the  front 
of  the  pericardium.  The  anterior  border  of  the  right  lung  is  almost  vertical,  and 
projects  into  the  costomediastinal  sinus;  that  of  the  left  presents,  below,  an  angular 
notch,  the  cardiac  notch,  in  which  the  pericardium  is  exposed.  Opposite  this 
notch  the  anterior  margin  of  the  left  lung  is  situated  some  little  distance  lateral 
to  the  line  of  reflection  of  the  corresponding  part  of  the  pleura. 


Fissures  and  Lobes  ol  the  Lungs.— The  left  lung  is  divided  into  two  lobes, 
an  upper  and  a  lower,  by  an  interlobular  fissure,  which  extends  from  the  costal 
to  the  mediastinal  surface  of  the  lung  both  above  and  below  the  hilus.  As  seen 
on  the  surface,  this  iissure  begins  on  the  mediastinal  surface  of  the  lung  at  the 
upper  and  posterior  part  of  the  hilus,  and  runs  backward  and  upward  to  the  pos- 
terior border,  which  it  crosses  at  a  point  about  6  cm.  below  the  apex.  It  then 
extends  downward  and  forward  over  the  costal  surface,  and  reaches  the  lower 
border  a  little  behind  its  anterior  extremity,  and  its  further  course  can  be  followed 
upward  and  backward  across  the  mediastinal  surface  as  far  as  the  lower  part  of 
the  hilus.  The  superior  lobe  lies  above  and  in  front  of  this  fissure,  and  includes  the 
apex,  the  anterior  border,  and  a  considerable  part  of  the  costal  surface  and  the 
greater  part  of  the  mediastinal  surface  of  the  lung.  The  inferior  lobe,  the  larger 
of  the  two,  is  situated  below  and  behind  the  fissure,  and  comprises  almost  the 
whole  of  the  base,  a  large  portion  of  the  costal  surface,  and  the  greater  part  of 
the  posterior  border. 

The  right  lung  is  divided  into  three  lobes,  superior,  middle,  and  inferior,  by 
two  interlobular  fissures.  One  of  these  separates  the  inferior  from  the  middle 
and  superior  lobes,  and  corresponds  closely  with  the  fissure  in  the  left  lung.    Its 
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direction  is,  however,  more  vertical,  and  it  cuts  the  lower  border  about  7.5  cm. 
behind  its  anterior  extremity.  The  other  fissure  separates  the  superior  from  the 
middle  lobe.  It  begins  in  the  previous  fissure  near  the  posterior  border  of  the  lung, 
and,  running  horizontally  forward,  cuts  the  anterior  border  on  a  level  with  the 
sternal  end  of  the  fourth  costal  cartilage;  on  the  mediastinal  surface  it  may  be 
traced  backward  to  the  hilus.  The  middle  lobe,  the  smallest  lobe  of  the  right 
lung,  is  wedge-shaped,  and  includes  the  lower  part  of  the  anterior  border  and  the 
anterior  part  of  the  base  of  the  lung. 

The  right  lung,  although  shorter  by  2.5  cm.  than  the  left,  in  consequence  of  the 
Diaphragma  rising  higher  on  the  right  side  to  accommodate  the  liver,  is  broader, 
owing  to  the  inclination  of  the  heart  to  the  left  side;  its  total  capacity  is  greater 
and  it  weighs  more  than  the  left  lung. 

The  Root  of  the  Lun^  {radix  pulmonis), — A  little  above  the  middle  of  the  medias- 
tinal surface  of  each  lung,  and  nearer  its  posterior  than  its  anterior  border,  is  its 
root,  by  w^hich  the  lung  is  connected  to  the  heart  and  the  trachea.  The  root  is 
formed  by  the  bronchus,  the  pulmonary  artery,  the  pulmonary  veins,  the  bronchial 
arteries  and  veins,  the  pulmonary  plexuses  of  nerves,  lymphatic  vessels,  bronchial 
lymph  glands,  and  areolar  tissue,  all  of  which  are  enclosed  by  a  reflection  of  the 
pleura.  The  root  of  the  right  lung  lies  behind'  the  superior  vena  cava  and  part 
of  the  right  atrium,  and  below  the  azygos  vein.  That  of  the  left  lung  passes 
beneath  the  aortic  arch  and  in  front  of  the  descending  aorta;  the  phrenic  nerve, 
the  pericardiacophrenic  artery  and  vein,  and  the  anterior  pulmonary  plexus,  lie 
in  front  of  each,  and  the  vagus  and  posterior  pulmonary  plexus  behind  each; 
below  each  is  the  pulmonary  ligament. 

The  chief  structures  composing  the  root  of  each  lung  are  arranged  in  a  similar 
manner  from  before  backward  on  both  sides,  viz.,  the  upper  of  the  two  pulmonary 
veins  in  front;  the  pulmonary  artery  in  the  middle;  and  the  bronchus,  together 
with  the  bronchial  vessels,  behind.  From  above  downward,  on  the  two  sides, 
their  arrangement  differs,  thus: 

On  the  right  side  their  position  is — eparterial  bronchus,  pulmonary  artery, 
hyparterial  bronchus,  pulmonary  veins,  but  on  the  left  side  their  position  is — 
pulmonary  artery,  bronchus,  pulmonary  veins.  The  lower  of  the  two  pulmonary 
veins,  is  situated  below  the  bronchus,  at  the  apex  or  lowest  part  of  the  hilus 
(Figs.  922,  923). 

Divisions  of  the  Bronchi. — Just  as  the  lungs  differ  from  each  other  in  the  number 
of  their  lobes,  so  the  bronchi  differ  in  their  mode  of  subdivision. 

The  right  bronchus  gives  off,  about  2.5  cm.  from  the  bifurcation  of  the  trachea, 
a  branch  for  the  superior  lobe.  This  branch  arises  above  the  level  of  the  pulmonary 
artery,  and  is  therefore  named  the  eparterial  bronchus.  All  the  other  divisions 
of  the  main  stem  come  off  below  the  pulmonary  artery,  and  consequently  are 
termed  hyparterial  bronchi.  The  first  of  these  is  distributed  to  the  middle  lobe, 
and  the  main  tube  then  passes  downward  and  backward  into  the  inferior  lobe, 
giving  off  in  its,  course  a  series  of  large  ventral  and  small  dorsal  branches.  The 
ventral  and  dorsal  branches  arise  alternately,  and  are  usually  eight  in  number — 
four  of  each  kind.  The  branch  to  the  middle  lobe  is  regarded  as  the  first  of  the 
ventral  series. 

The  left  bronchus  passes  below  the  level  of  the  pulmonary  artery  before  it  divides, 
and  hence  all  its  branches  are  hyparterial;  it  may  therefore  be  looked  upon  as 
equivalent  to  that  portion  of  the  right  bronchus  which  lies  on  the  distal  side  of  its 
eparterial  branch.  The  first  branch  of  the  left  bronchus  arises  about  5  cm.  from 
the  bifurcation  of  the  trachea,  and  is  distributed  to  the  superior  lobe.  The  main 
stem  then  enters  the  inferior  lobe,  where  it  divides  into  ventral  and  dorsal  branches 
similar  to  those  in  the  right  lung.  The  branch  to  the  superior  lobe  of  the  left  lung 
is  regarded  as  the  first  of  the  ventral  series. 
70 
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gbnGtim. — The  luogs  are  composed  of  an  external  serous  coat,  a  subBcrouB  areolar  tissue, 
and  the  pulmonary  Bubstaoce  or  parenchyma. 

The  BerouB  coat  ia  the  pulmonary  pleura  (page  1097);  it  ia  thin,  transparent,  and  invests  the 
entire  organ  aa  far  as  the  root. 

The  Bubseions  ueolai  tiiane  contains  a  large  proportion  of  elastic  fibres;  it  invests  the  entire 
surface  of  the  lung,  and  extends  inward  between  the  lobules. 

Tiie  pwenchrma  ia  composed  of  lobules  which,  although  closely  connected  tt^etber  by  an 
interlobular  areolar  tisaue,  are  quite  distinct  from  one  another,  and  may  be  teased  asunder 
without  much  difficulty  in  the  fetus.  The  lobules  vary  in  size;  those  on  the  surface  are  large, 
of  pyramidal  form,  the  base  turned  toward  the  surface;  those  in  the  interior  smaller,  and  of 
various  forma.  Each  lobule  is  composed  of  a  lobular  bronchiole  and  its  terminal  air  cells,  and 
of  the  ramifications  of  the  pulmonary  and  bronchial  vessels,  lymphatics,  and  nerves;  all  of  these 
structures  being  connected  together  by  areolar  tissue. 

The  intrwnliuonary  bronchi  divide  and  subdivide  throughout  the  entire  organ,  the  smallest 
subdivisions  constituting  the  lobular  bronchioles.  The  larger  ditrisiona  consist  of:  (1)  an  outer 
coat  of  fibrous  tissue  in  which  are  found  at  intervals  irregular  plates  of  hyaline  cartilage,  most 
developed  at  the  points  of  division;  (2)  internal  to  the  fibrous  coat,  a  layer  of  circularly  disposed 
smooth  muscle  fibres,  the  bronchial  muscle;  and  (3)  most  internally,  the  mucous  membrane, 
lined  by  columnar  ciliated  epithelium  resting  on  a  basement  membrane.  The  coriura  of  the 
mucous  membrane  contains  numerous  elastic  fibres  running  longitudinally,  and  a  certain  amount 
of  lymphoid  tissue;  it  also  contains  the  ducts  of  mucous  glands,  the  acini  of  which  lie  in  the 
fibrous  coat.  The  lobulu  broncbiolfB  differ  from  the  larRer  tubes  in  containing  no  cartilage 
and  in  the  fact  that  the  ciliated  epithelial  cells  are  cubical  in  shape.  The  lobular  bronchioles 
are  about  0,2  mm,  in  diameter. 


Fio.  024. — Section  af  tuui  of  cat,  ahowing  Isnnioaticu)  of  bronahus.     X  50. 

Each  bronchiole  terminates  at  a  point  called  the  vestibnle  by  dividii^  into  from  three  to  six 
wider  irregular  passages  called  Atria.  These  are  Uned  by  flattened  non-ciliated  epithelium;  at 
the  vestibule  the  bronchia]  muscle  forms  a  definite  circular  band.  lYom  each  atrium  arise  two 
or  more  infnndibnla,  elan  gated,,  blind  passages,  Uned  by  simple  squamous  epithelium,  and  beset 
on  all  sides  by  hemispherical  alveoU  or  air  cells  (Fig.  924). 

The  alveoU  are  lined  by  a  delicate  layer  of  simple  squamous  epithelium,  the  cells  of  which 
are  united  at  their  edges  by  cement  substance.  Between  the  squamcs  are  here  and  there  smaUer, 
polygonal,  nucleated  cells.  Outside  the  epithelial  lining  is  a  little  delicate  connective  tissue, 
containing  numerous  elastic  fibres  and  a  close  net-work  of  blood  capillaries,  and  forming  a  common 
wall  to  adjacent  alveoli  (Fig.  925). 

The  fetai  lung  resembles  a  gland  in  that  the  alveoli  have  a  small  lumen  and  are  lined  by 
cubical  epithelium  (Fig.  926).  After  the  first  respiration  the  alveoli  become  distended,  and  the 
epithelium  takes  on  the  characters  described  above. 


Toaula  and  Nemg. — The  pnlmanu;  utory  conveys  the  vent 
into  branches  which  accompany  the  bronchial  tubes  and  end  i 


13  blood  to  the  lungs;  it  dividea 
a  dense  capillary  netr-wotk  in 


Fio,  B25,— Setti 


f  the  pulmonary  artery  are  usually  above 


M.— SecOon  o(  lung  ol  pi^  embryo.  13  ci 


The  pulnumary  caplUariea  form  plexusea  which  he  immediately  beneath  the  lining  epithe- 
lium, in  the  walk  and  septa  of  the  alveoli  and  of  the  infundibula.    In  the  septa  between  the 
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alveoli  the  capillary  net-work  forms  a  single  layer.  The  capillaries  form  a  very  minute  net-work, 
the  meshes  of  which  are  smaller  than  the  vessels  themselves;  their  walls  are  also  exceedingly 
thin.  The  arteries  of  neighboring  lobules  are  independent  of  each  other,  but  the  veins  freely 
anastomose. 

The  pnlmozuiry  veins  commence  in  the  pulmonary  capillaries,  the  radicles  coalescing  into 
larger  branches  which  run  through  the  substance  of  the  lung,  independently  of  the  pulmonary 
arteries  and  bronchi.  After  freely  communicating  with  other  branches  they  form  large  vessels, 
which  ultimately  come  into  relation  with  the  arteries  and  bronchial  tubes,  and  accompany 
them  to  the  hilus  of  the  organ.  Finally  they  open  into  the  left  atrium  of  the  heart,  conveying 
oxygenated  blood  to  be  distributed  to  all  parts  of  the  body  by  the  aorta. 

The  bronchial  arteries  supply  blood  for  the  nutrition  of  the  lung;  they  are  derived  from  the 
thoracic  aorta  or  from  the  upper  aortic  intercostal  arteries,  and,  accompanying  the  bronchial 
tubes,  are  distributed  to  the  bronchial  glands  and  upon  the  walls  of  the  larger  bronchial  tubes 
and  pulmonary  vessels.  Those  supplying  the  bronchial  tubes  form  a  capillary  plexus  in  the 
muscular  coat,  from  which  branches  are  given  off  to  form  a  second  plexus  in  the  mucous  coat; 
this  plexus  communicates  with  branches  of  the  pulmonary  artery,  and  empties  itself  into  the 
pulmonary  veins.  Others  are  distributed  in  the  interlobular  areolar  tissue,  and  end  partly  in 
the  deep,  partly  in  the  superficial,  bronchial  veins.  Lastly,  some  ramify  upon  the  siurface  of 
the  lung,  beneath  the  pleura,  where  they  form  a  capillary-  network. 

The  bronchial  Tein  is  formed  at  the  root  of  the  lung,  receiving  superficial  and  deep  veins  corre- 
sponding to  branches  of  the  bronchial  artery.  It  does  not,  however,  receive  all  the  blood  supplied 
by  the  artery,  as  some  of  it  passes  into  the  pulmonary  veins.  It  ends  on  the  right  side  in  the 
azygos  vein,  and  on  the  left  side  in  the  highest  intercostal  or  in  the  accessory  hemiazygos  vein. 

The  lymiiiliatics  are  described  on  page  799. 

Nerres. — ^The  lungs  are  supplied  from  the  anterior  and  posterior  pulmonary  plexuses,  formed 
chiefly  by  branches  from  the  S3m[ipathetic  and  vagus.  The  filaments  from  these  plexuses  accom- 
pany the  bronchial  tubes,  supplying  efferent  fibres  to  the  bronchial  muscle  and  afferent  fibres 
to  the  bronchial  mucous  membrane  and  to  the  alveoli  of  the  lung.  Small  ganglia  are  found 
upon  these  nerves. 

Applied  Anatomy. — ^The  limgs  may  be  wounded  or  torn  in  three  ways:  (1)  by  compression 
of  the  chest,  without  any  injury  to  the  ribs;  (2)  by  a  fractured  rib  penetrating  the  lung;  (3)  by 
stabs,  gunshot  wounds,  etc. 

The  first  form,  where  the  lung  is  ruptured  by  external  compression  without  any  fracture  of 
the  ribs,  is  very  rare,  and  usually  occurs  in  young  children,  and  affects  the  root  of  the  lung,  i.  e., 
the  most  fixed  part,  and  thus,  implicating  the  great  vessels,  is  frequently  fatal.  It  would  seem 
a  priori  a  most  unusual  injury,  and  its  exact  mode  of  causation  is  difficult  to  interpret. 

In  the  second  variety,  when  the  woimd  in  the  lung  is  produced  by  the  penetration  of  a  broken 
rib,  both  the  costal  pleura  and  pulmonary  pleura  must  necessarily  be  injured,  and  consequently 
the  air  taken  into  the  wounded  alveoli  may  find  its  way  through  these  wounds  into  the  cellular 
tissue  of  the  parietes  of  the  chest,  producing  surgical  emphysema.  This  it  may  do  without  col- 
lecting in  the  pleural  cavity;  the  two  layers  of  the  pleura  are  so  intimately  in  contact  that  the 
air  passes  straight  through  from  the  wounded  lung  into  the  subcutaneous  tissue.  Emphysema 
constitutes  therefore  the  most  important  sign  of  injury  to  the  lung  in  cases  of  fracture  of  the 
ribs.  Pnemnothorax,  or  air  in  the  pleural  cavity,  is  much  more  likely  to  occiu*  in  injuries  of 
the  third  variety — that  is  to  say,  from  external  wounds,  from  stabs,  gimshot  injuries,  and  such 
like — in  which  case  air  passes  either  from  the  wound  of  the  lung  or  from  the  external  woimd 
into  the  cavity  of  the  pleura  during  the  respiratory  movements.  In  these  cases  there  is  generally 
no  emphysema  of  the  subcutaneous  tissue  unless  the  external  wound  is  small  and  valvular,  so 
that  the  air  is  drawn  into  the  woimd  during  inspiration,  and  then  forced  into  the  cellular  tissue 
around  during  expiration  because  it  cannot  escape  from  the  external  wound.  Occasionally  in 
wounds  of  the  parietes  of  the  chest  no  air  finds  its  way  into  the  cavity  of  the  pleura,  because 
the  limg  at  the  time  of  the  accident  protrudes  through  the  wound  and  blocks  the  opening.  This 
takes  place  where  the  wound  is  large,  and  constitutes  one  form  of  hernia  of  the  limg.  Another 
form  of  hernia  of  the  lung  occurs,  though  very  rarely,  after  woimds  of  the  chest  wall,  when 
the  wound  has  healed  and  the  cicatrix  subsequently  yields  from  the  pressiu*eof  the  viscus  behind. 
It  forms  a  globular,  elastic,  crepitatmg  swelling,  which  enlarges  during  expiratory  efforts,  falls 
in  during  inspiration,  and  disappears  on  holding  the  breath. 

An  incision  into  the  lung  is  occasionally  required  in  cases  of  abscess  the  result  of  pneumonia 
or  the  presence  of  a  foreign  body,  and  from  an  abscess  in  the  liver  which  has  made  its  way  through 
the  Diaphragma  into  the  lung  substance,  and  also  in  cases  of  hydatid  disease.  In  these  cases 
there  is  always  risk  of  hemorrhage,  and  it  has  been  recommended  that  the  lung  tissue  should 
be  penetrated  by  the  actual  cautery,  rather  than  with  the  knife.  Unless  adhesions  have  formed 
between  the  two  layers  of  the  pleura,  the  pleural  cavity  must  necessarily  be  opened,  and  there 
is  the  further  risk  of  pnexmiothorax,  and  possibly  of  septic  infection.  It  is  therefore  advisable 
to  suture  the  lung  to  the  opening  in  the  thoracic  wall,  and  wait  for  adhesions  to  form  before 
perforating  the  lung. 
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The  routine  methods  of  physical  examination — inspection,  palpation,  percussion,  and  auscul- 
tation— are  nowhere  more  important  than  they  are  in  the  diagnosis  of  diseases  of  the  lungs. 
It  is  essential,  too,  that  in  every  case  the  two  sides  of  the  chest  should  be  compared  with  one 
another,  and  that  the  wide  variations  that  may  be  met  with  under  normal  conditions  in  different 
persons  and  at  different  ages  should  be  kept  in  mind  when  the  chest  is  being  examined.  On 
inspection  the  thorax  will  be  seen  to  be  enlarged  and  barrel-shaped  in  emphysema,  in  which 
the  volume  of  the  limgs  is  increased  by  dilatation  of  their  alveoli,  or  in  an  acute  attack  of  asthma, 
or  when  a  large  pleural  effusion  or  mediastinal  tumor  is  present.  The  chest  wall  will  be  flattened 
or  sunken,  on  the  other  hand,  over  an  area  of  limg  that  has  collapsed  or  become  fibrosed,  as 
often  happens  in  chronic  pulmonary  tuberculosis.  The  respiratory  movements  of  the  chest  wall 
will  be  lessened,  or  even  absent,  over  a  part  of  the  whole  of  the  affected  side  in  such  acute  dis- 
orders as  pleurisy,  pneumonia,  or  pleural  effusion,  or  in  more  chronic  diseases  where  the  under- 
lying lung  is  fibrosed,  or  is  crushed  to  one  side  by  a  mediastinal  tiunor;  and  by  the  use  of  the 
2r-rays  a  corresponding  loss  of  movement  or  displacement  of  the  Diaphragma  on  the  affected 
side  can  often  be  observed.  Under  normal  conditions  the  intercostal  spaces  are  a  little  depressed; 
but  they  may  be  obliterated  or  even  bulging  on  that  side  when  a  large  effusion  or  new  growth 
fills  up  one  of  the  pleural  cavities. 

On  palpatian  the  hand  can  be  used  to  verify  the  eye's  impressions  as  to  the  degree  of  move- 
ment on  respiration  of  any  part  of  the  chest  wall.  The  facility  with  which  the  vibrations  produced 
by  the  voice  are  conducted  from  the  larjmx  by  the  underlying  limg  to  the  hand  (in  the  form  of 
voccd  fremitus)  can  also  be  tested.  The  vocal  fremitus  is  commonly  much  increased  over  the 
consolidated  area  in  pneumonia  or  in  fibrosis  of  the  lung,  and  much  diminished  over  a  pleural 
effusion  when  the  limg  is  pushed  up  by  the  fluid  toward  the  top  of  the  pleural  cavity.  It  is  also 
diminished,  but  to  a  less  extent,  in  emphysema,  and  in  bronchitis  when  the  bronchi  are  blocked 
by  secretion.  In  bronchitis  the  bubbling  of  the  secretion  in  the  tubes  can  often  be  felt  by  a  hand 
placed  on  the  chest  wall  as  the  patient  breathes;  and  in  chronic  pleurisy  the  friction  of  the  two 
roughened  pleural  surfaces  against  one  another  can  sometimes  be  felt  in  the  same  way. 

On  percussioHf  the  normal  resonance  of  the  pulmonary  tissue  is  found  to  be  increased  in  emphy- 
sema, and  in  pneumothorax  (page  1098)  this  hyperresonance  may  be  still  further  increased. 
The  resonance  is  lessened  in  any  condition  causing  collapse  or  soUdification  of  the  lung  tissue, 
or  when  its  place  is  taken  by  fluid  (pleural  effusion)  or  some  solid  growth  (mediastinal  tumor). 
Thus  dulness  on  percussion  at  the  bases  of  the  lungs  is  common  in  the  hypostatic  congestion  of 
the  bases  seen  in  heart  failure;  dulness  at  the  right  base  is  often  due  to  compression  of  the  lung 
by  enlargement  of  the  liver;  some  dulness  at  the  apex  of  a  lung  is  frequently  met  with  in  tuber- 
culosis of  the  part,  before  the  disease  has  progressed  very  far.  Complete  dulness  over  one  side 
of  the  chest,  back  and  front  alike,  except  at  the  apex,  is  common  when  a  large  pleural  effusion 
has  taken  the  lung's  place.  Von  Kordnyi,  Grocco,  and  others  have  drawn  attention  to  a  tri- 
angular patch  of  dulness  along  the  vertebral  column  (the  paravertebral  triangle  of  dulness)  on 
the  unaffected  side  in  pleural  effusion;  this  triangle  of  dulness  is  said  to  be  absent  in  other  con- 
ditions, causing  loss  of  pulmonary  resonance  on  percussion,  and  is  due  to  shifting  over  of  the 
contents  of  the  posterior  mediastinal  cavity  toward  the  sound  side.  The  apex  of  this  triangle  is  in 
the  middle  line  at  the  upper  level  of  the  fluid  effusion;  its  base,  some  5  to  10  cm.  in  length,  runs 
horizontally  outward  from  the  middle  line  at  the  level  where  the  pulmonary  resonance  normally 
comes  to  an  end. 

On  auscuUaiion  of  the  lungs,  both  in  health  and  disease,  the  variety  of  sounds  to  be  heard 
is  very  great.  It  is  impossible  to  give  adequate  consideration  to  them  here,  and  for  further 
information  reference  should  be  made  to  text-books  dealing  with  the  subject.^ 

THE  DIGESTIVE  APPARATUS  (APPARATUS  DIOESTORIUS;  ORGANS 

OF  DIGESTION). 

The  apparatus  for  the  digestion  of  the  food  consists  of  the  digestive  tube  and  of 
certain  accessory  organs. 

The  Dic^estive  Tube  (aUmenatry  canal)  is  a  musculomembranous  tube,  about 
9  metres  long,  extending  from  the  mouth  to  the  anus,  and  lined  throughout  its 
entire  extent  by  mucous  membrane.  It  has  received  different  names  in  the  various 
parts  of  its  course:  at  its  commencement  is  the  mouth,  where  provision  is  made 
for  tBe  mechanical  division  of  the  food  (masticaiion),  and  for  its  admixture  with 
a  fluid  secreted  by  the  salivary  glands  (insalivation);  beyond  this  are  the  organs 
of  deglutition,  the  pharynx  and  the  OBSophagus,  which  convey  the  food  into  the 
stomacli,  in  which  it  is  stored  for  a  time  and  in  which  also  the  first  stages  of  the 

^See  especially  Au8cultaiion  and  Percussion,  by  Austm  Flint,  M.D.,  6th  ed.,  1912. 
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digestive  process  take  place;  the  stomach  is  followed  by  the  small  intestine,  which 
is  divided  for  purposes  of  description  into  three  parts,  the  duodenum,  the  jejunum, 
and  ileum.  In  the  small  intestine  the  process  of  .digestion  is  completed  and  the 
resulting  products  are  absorbed  into  the  blood  and  lacteal  vessels.  Finally  the 
small  intestine  ends  in  the  large  intestine,  which  is  made  up  of  cecum,  colon,  rectum, 
and  anal  canal,  the  last  terminating  on  the  surface  of  the  body  at  the  anus. 

The  accessory  organs  are  the  teeth,  for  purposes  of  mastication;  the  three  pairs 
of  salivary  glands— the  parotid,  submaxillary,  and  sublingual — ^the  secretion  from 
which  mixes  with  the  food  in  the  mouth  and  converts  it  into  a  bolus  and  acts 
chemically  on  one  of  its  constituents;  the  liver  and  pancreas,  two  large  glands 
in  the  abdomen,  the  secretions  of  which,  in  addition  to  that  of  numerous  minute 
glands  in  the  walls  of  the  alimentary  canal,  assist  in  the  process  of  digestion. 

THE  MOUTH   (CAVUM  OBIS;  ORAL  OB  BUCCAL  CAVITT). 

The  cavity  of  the  mouth  is  placed  at  the  commencement  of  the  digestive  tube 
(Fig.  927);  it  is  a  nearly  oval-shaped  cavity  which  consists  of  two  parts:  an  outer, 
smaller  portion,  the  vestibule,  and  an  inner,  larger  part^  the  mouth  cavity  proper. 

The  Vestibule  {vestibulum  oris)  is  a  slit-like  space,  bounded  externally  by  the 
lips  and  cheeks;  internally  by  the  gums  and  teeth.  It  communicates  with  the 
surface  of  the  body  by  the  rima  or  orifice  of  the  mouth.  Above  and  below,  it  is 
limited  by  the  reflection  of  the  mucous  membrane  from  the  lips  and  cheeks  to 
the  gum  covering  the  upper  and  lower  alveolar  arch  respectively.  It  receives  the 
secretion  from  the  parotid  salivary  glands,  and  communicates,  when  the  jaws  are 
closed,  with  the  mouth  cavity  proper-  by  an  aperture  on  either  side  behind  the 
wisdom  teeth,  and  by  narrow  clefts  between  opposing  teeth. 

The  Mouth  Cavity  Proper  {camtm  am  proprium)  (Fig.  943)  is  bounded  laterally 
and  in  front  by  the  alveolar  arches  with  their  contained  teeth;  behind,  it  communi- 
cates with  the  pharynx  by  a  constricted  aperture  termed  the  isthmus  faucium. 
It  is  roofed  in  by  the  hard  and  soft  plates,  while  the  greater  part  of  the  floor  is 
'  formed  by  the  tongue,  the  remainder  by  the  reflection  of  the  mucous  membrane 
from  the  sides  and  under  surface  of  the  tongue  to  the  gum  lining  the  inner  aspect 
of  the  mandible.  It  receives  the  secretion  from  the  submaxillary  and  sublingual 
salivary  glands. 

Stracture. — The  mucous  membrane  lining  the  mouth  is  continuous  with  the  integument  at 
the  free  margin  of  the  lips,  and  with  the  mucous  lining  of  the  pharynx  behind;  it  is  of  a  roee- 
pink  tinge  during  life,  and  very  thick  where  it  overlies  the  hard  parts  bounding  the  cavity.  It 
is  covered  by  stratified  squamous  epithelium. 

The  Lips  (labia  ori^),  the  two  fleshy  folds  which  surround  the. rima  or  orifice  of 
the  mouth,  are  formed  externally  of  integument  and  internally  of  mucous  mem- 
brane, between  which  are  found  the  Orbicularis  oris  muscle,  the  labial  vessels, 
some  nerves,  areolar  tissue,  and  fat,  and  numerous  small  labial  glands.  The  inner 
surface  of  each  lip  is  connected  in  the  middle  line  to  the  corresponding  gum  by  a 
fold  of  mucous  membrane,  the  frenulum — ^the  upper  being  the  larger. 

The  Labial  Glands  (glandulae  labiales)  are  situated  between  the  mucous  membrane 
and  the  Orbicularis  oris,  around  the  orifice  of  the  mouth.  They  are  circular  in  form, 
and  about  the  size  of  small  peas;  their  ducts  open  by  minute  orifices  upon  the 
mucous  membrane.    In  structure  they  resemble  the  salivary  glands. 

The  Cheeks  (buccae)  form  the  sides  of  the  face,  and  are  continuous  in  front  with 
the  lips.  They  are  composed  externally  of  integument;  internally  of  mucous 
membrane;  and  between  the  two  of  a  muscular  stratum,  besides  a  large  quantity 
of  fat,  areolar  tissue,  vessels,  nerves,  and  buccal  glands. 

Structure. — The  mucous  membrane  lining  the  cheek  is  reflected  above  and  below  upon  the 
gums,  and  is  continuous  behind  with  the  lining  membrane  of  the  soft  palate.     Opposite  the 
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Becond  molar  tooth  of  the  maxilla  Is  a  papilla,  on  the  summit  of  which  is  the  aperture  of  the 
parotid  duct.  The  principal  muscle  of  the  cheek  is  the  Buccioator;  but  other  muscles  enter  into 
its  formation,  viz.,  the  Zygomaticus,  Jlisorius,  and  Platysma. 

The  buccal  glands  are  placed  between  the  mucous  membrane  and  Buccinator  muscle:  they 
are  similar  in  structure  to  the  labial  glands,  but  smaller.  About  five,  of  a  larger  size  than  the 
rest,  are  placed  between  the  Masseter  and  Buccinator  muscles  around  the  distal  extremity  of 
the  parotid  duct;  their  duct^  open  in  the  mouth  opposite  the  last  molar  tooth.  They  are  called 
meUr  i^da. 


Pkaryngtal 

lontil 

Orifice  of 

auditory  liAt 

Ifaaal  pari  oj 

pharynx 

Anterior  arch  oj 

Odontoid  proctM 

Oral  piirt  of 

pAoryrtr 

Bodt/  0/  axis 


of  pharynx 
An/tpiglatlicfold 


The  Onms  (^qingivae)  are  composed  of  dense  fibrous  tissue,  closely  connected  to 
the  periosteum  of  the  alveolar  processes,  and  surrounding  the  necks  of  the  teeth. 
They  are  covered  by  smooth  and  vascular  mucous  membrane,  which  is  remark- 
able for  its  limited  sensibility.     Around  the  necks  of  the  teeth  this  membrane 
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presents  numerous  fine  papillse,  and  is  reflected  into  the  alveoli,  where  it  is  con- 
tinuous with  the  periosteal  membrane  lining  these  cavities. 

Applied  Anatomy. — The  gums  are  occasionally  the  seat  of  considerable  hypertrophy,  forming 
a  lobulated  vascular  fold  growing  up  in  front  of  and  behind  the  teeth,  so  as  almost  to  bury  them. 
They  may  also  become  swollen  and  congested,  bleeding  freely,  and  often  becoming  ulcerated. 
The  condition  is  known  as  spongy  gumSj  and  may  occur  in  scurvy,  in  stomatitis  and  dyspepsia,  in 
ill-fed  tuberculous  children,  and  from  the  administration  of  mercury;  the  gums  are  very  tender, 
mastication  is  painful,  and  there  is  often  considerable  fetor.  The  margin  of  the  gum  presents 
an  interrupted  blue  line  in  cases  of  lead  poisoning.  The  collection  of  tartar,  which  consists  of 
the  secretion  from  the  gums,  mixed  with  fragments  of  food  and  salivary  salts,  may  give  rise  to 
a  condition  known  as  pyorrhoea  alveolariSy  which  is  an  inflammatory  condition  of  the  gums, 
followed  by  the  gradual  absorption  of  the  alveolus  and  the  falling  out  of  the  teeth.  Fibrous 
tumors  (epulis) J  myeloid  growths,  and  epitheliomata  are  met  with  in  the  gums. 

The  Palate  (palatum)  forms  the  roof  of  the  mouth;  it  consists  of  two  portions, 
the  hard  palate  in  front,  the  soft  palate  behind. 

The  Hard  Palate  {palatum  durum)  (Fig.  943)  is  bounded  in  front  and  at  the  sides 
by  the  alveolar  arches  and  gums;  behind,  it  is  continuous  with  the  soft  palate: 
It  is  covered  by  a  dense  structure,  formed  by  the  periosteum  and  mucous  mem- 
brane of  the  mouth,  which  are  intimately  adherent.  Along  the  middle  line  is  a 
linear  raph6,  which  ends  anteriorly  in  a  small  papilla  corresponding  with  the 
incisive  canal.  On  either  side  and  in  front  of  the  raph6  the  mucous  membrane 
is  thick,  pale  in  color,  and  corrugated;  behind,  it  is  thin,  smooth,  and  of  a  deeper 
color;  it  is  covered  with  stratified  squamous  epithelium,  and  furnished  with 
numerous  palatal  glands,  which  lie  between  the  mucous  membrane  and  the  surface 
of  the  bone. 

The  Soft  Palate  {palatum  molle)  (Fig.  943)  is  a  movable  fold,  suspended  from  the 
posterior  border  of  the  hard  palate,  and  forming  an  incomplete  septum  between 
the  mouth  and  pharynx.  It  consists  of  a  fold  of  mucous  membrane  enclosing 
muscular  fibres,  an  aponeurosis,  vessels,  nerves,  adenoid  tissue,  and  mucous  glands. 
When  occupying  its  usual  position,  i.  e.,  relaxed  and  pendent,  its  anterior  surface 
is  concave,  continuous  with  the  roof  of  the  mouth,  and  marked  by  a  median  raph6. 
Its  posterior  surface  is  convex,  and  continuous  with  the  mucous  membrane  covering 
the  floor  of  the  nasal  cavities.  Its  upper  border  is  attached  to  the  posterior  margin 
of  the  hard  palate,  and  its  sides  are  blended  with  the  pharynx.  Its  lower  border 
is  free.  Its  lower  portion,  which  hangs  like  a  curtain  between  the  mouth  and 
pharynx  is  termed  the  palatine  velum. 

Hanging  from  the  middle  of  its  lower  border  is  a  small,  conical,  pendulous 
process,  the  palatine  uvula;  and  arching  lateral  ward  and  downward  from  the  base 
of  the  uvula  on  either  side  are  two  curved  folds  of  mucous  membrane,  containing 
muscular  fibres,  called  the  arches  or  pillars  of  the  fauces. 

The  glossopalatine  arch  (arcus  glossopalatinus;  anterior  pillar  of  fauces)  on  either 
side  runs  downward,  lateralward,  and  forward  to  the  side  of  the  base  of  the  tongue, 
and  is  formed  by  the  projection  of  the  Glossopalatinus  with  its  covering  mucous 
membrane. 

The  pharyngopalatine  arch  {arcus  pharyngopalatinus;  posterior  pillar  of  fauces)  is 
larger  and  projects  farther  toward  the  middle  line  than  the  anterior;  it  runs  down- 
ward, lateralward,  and  backward  to  the  side  of  the  pharynx,  and  is  formed  by  the 
projection  of  the  Pharyngopalatinus,  covered  by  mucous  membrane.  On  either  side 
the  two  arches  are  separated  below  by  a  triangular  interval,  in  which  the  palatine 
tonsil  is  lodged. 

The  aperture  by  which  the  mouth  communicates  with  the  pharynx  is  called 
the  isthmus  f aucium.  It  is  bounded,  above,  by  the  soft  palate ;  below,  by  the  dorsum 
of  the  tongue;  and  on  either  side,  by  the  glossopalatine  arch. 

Palatine  Aponeurosis. — ^Attached  to  the  posterior  border  of  the  hard  palate  is 
a  thin,  firm  fibrous  lamella  which  supports  the  muscles  and  gives  strength  to  the 
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soft  palate.    It  is  thicker  above  than  below,  where  it  becomes  very  thin  and  difficult 
to  define.    Laterally  it  is  continuous  with  the  pharyngeal  aponeurosis. 
Muscles  of  the  Palate.— The  muscles  of  thf  palate  (Fig.  928)  are; 

Levator  veil  palatini.  Glossopalatinus. 

Tensor  veli  palatini.  Pharyngopalatinus. 

Musculus  uvulae. 


Fia.  02S. — Disscc'lioii  of  Ihe  miisclen  of  thp  pulatf  Itom  behind. 

The  Levator  veli  palatmi  (Levator  palati)  is  a  thick,  rounded  muscle  situated 
lateral  to  the  choante.  It  arises  from  the  under  surface  of  the  apex  of  the  petrous 
part  of  the  temporal  bone  and  from  the  medial  lamina  of  the  cartilage  of  the  audi- 
tory tube.  After  passing  above  the  upper  concave  margin  of  the  Constrictor 
pharyngis  superior  it  spreads  out  in  the  palatine  velum,  its  fibres  extending 
obliquely  downward  and  medialward  to  the  middle  line,  where  they  blend  with 
those  of  the  opposite  side. 

The  Tensor  veli  palatini  (Tensor  ■palati)  is  a  broad,  thin,  riband-like  muscle 
placed  lateral  to  the  Levator  veli  palatini.  It  arises  by  a  flat  lamella  from  the 
scaphoid  fossa  at  the  base  of  the  medial  pterygoid  plate,  from  the  spina  angularis 
of  the  sphenoid  and  from  the  lateral  wall  of  the  cartilage  of  the  auditory  tube. 
Descending  vertically  between  the  medial  pterygoid  plate  and  the  Pterygoideus 
intemus  it  ends  in  a  tendon  which  winds  around  the  pterygoid  hamulus,  being 
retained  in  this  situation  b\'  some  of  the  fibres  of  origin  of  the  Pterygoideus  intemus. 
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Between  the  tendon  and  the  hamulus  is  a  small  bursa.  The  tendon  then  passes 
medialward  and  is  inserted  into  the  palatine  aponeurosis  and  into  the  surface 
behind  the  transverse  ridge  on  the  horizontal  part  of  the  palatine  bone. 

The  Musculus  uvulae  (Azygos  uvulae)  arises  from  the  posterior  nasal  spine  of 
the  palatine  bones  and  from  the  palatine  aponeurosis;  it  descends  to  be  inserted 
into  the  uvula. 

The  Glossopalatinus  (Palatoglossus)  is  a  small  fleshy  fasciculus,  narrower  in 
the  middle  than  at  either  end,  forming,  with  the  mucous  membrane  covering 
its  surface,  the  glossopalatine  arch.  It  arises  from  the  anterior  surface  of  the 
soft  palate,  where  it  is  continuous  with  the  muscle  of  the  opposite  side,  and  passing 
downward,  forward,  and  lateralward  in  front  of  the  palatine  tonsil,  is  inserted 
into  the  side  of  the  tongue,  some  of  its  fibres  spreading  over  the  dorsum,  and 
others  passing  deeply  into  the  substance  of  the  organ  to  intermingle  with  the 
Transversus  linguae. 

The  Phar3nQgopalatmus  (Palatopharyngeus)  is  a  long,  fleshy  fasciculus  narrower 
in  the  middle  than  at  either  end,  forming,  with  the  mucous  membrane  covering 
its  surface,  the  pharyngopalatine  arch.  It  is  separated  from  the  Glossopalatinus 
by  an  angular  interval,  in  which  the  palatine  tonsil  is  lodged.  It  arises  from  the 
soft  palate,  where  it  is  divided  into  two  fasciculi  by  the  Levator  veli  palatini  and 
Musculus  uvulae.  The  posterior  fasciculus  lies  in  contact  with  the  mucous  mem- 
brane, and  joins  with  that  of  the  opposite  muscle  in  the  middle  line;  the  anterior 
fasciculus,  the  thicker,  lies  in  the  soft  palate  between  the  Levator  and  Tensor, 
and  joins  in  the  middle  line  the  corresponding  part  of  the  opposite  muscle.  Passing 
lateralward  and  downward  behind  the  palatine  tonsil,  the  Pharyngopalatinus 
joins  the  Stylopharyngeus,  and  is  inserted  with  that  muscle  into  the  posterior 
border  of  the  thyroid  cartilage,  some  of  its  fibres  being  lost  on  the  side  of  the 
pharynx  and  others  passing  across  the  middle  line  posteriorly,  to  decussate  with 
the  muscle  of  the  opposite  side. 

Dissection. — In  a  dissection  of  the  soft  palate  from  its  posterior  or  pharyngeal  surface  to  its 
anterior  or  oral  surface,  the  muscles  would  be  exposed  in  the  following  order:  viz.,  the  posterior 
fasciculus  of  the  Pharyngopalatinus,  covered  by  a  continuation  of  the  mucous  membrane  of 
the  floor  of  the  nasal  cavities;  the  Musculus  uvulae;  the  Levator  veli  palatini;  the  anterior 
fasciculus  of  the  Pharyngopalatinus;  the  aponeurosis  of  the  Tensor  veli  palatini,  and  the  Glosso- 
palatinus covered  by  a  continuation  of  the  oral  mucous  membrane. 

Nerves. — ^The  Tensor  veli  palatini  is  supplied  by  a  branch  from  the  otic  ganglion;  the  remain- 
ing muscles  of  this  group  are  in  all  probability  suppHed  by  the  accessory  nerve  through  the 
pharyngeal  plexus.^ 

Actions. — During  the  first  stage  of  deglutition,  the  bolus  of  food  is  driven  back  into  the  fauces 
by  the  pressure  of  the  tongue  against  the  hard  palate,  the  base  of  the  tongue  being,  at  the  same 
time,  retracted,  and  the  lar3mx  raised  with  the  pharynx.  During  the  second  stage  the  entrance 
to  the  lar3mx  is  closed  by  the  drawing  forward  of  the  ar3rtenoid  cartilages  toward  the  cushion 
of  the  epiglottis — ^a  movement  produced  by  the  contraction  of  the  Thyreoarytaenoidei,  the 
Arytaenoidei,  and  the  Arytaenoepiglottidei. 

After  leaving  the  tongue  the  bolus  passes  on  to  the  posterior  or  laryngeal  surface  of  the  epi- 
glottis, and  glides  along  this  for  a  certain  distance;  then  the  Glossopalatini,  the  constrictors  of 
the  fauces,  contract  behind  it;  the  palatine  velum  is  slightly  raised  by  the  Levator  veli  palatini, 
and  made  tense  by  the  Tensor  veli  palatini;  and  the  Pharyngopalatini,  by  their  contraction, 
pull  the  pharynx  upward  over  the  bolus,  and  come  nearly  together,  the  uvula  filling  up  the 
slight  interval  between  them.  By  these  means  the  food  is  prevented  from  passing  into  the  nasal 
part  of  the  pharynx;  at  the  same  time,  the  Pharyngopalatini  form  an  inclined  plane,  directed 
obliquely  downward  and  backward  along  the  imder  surface  of  which  the  bolus  descends  into, 
the  lower  part  of  the  pharynx.  The  Salpingopharyngei  raise  the  upper  and  lateral  part.s  of  the 
pharynx — i.  e.,  those  parts  which  are  above  the  points  where  the  Stylopharyngei  are  attached 
to  the  pharynx. 

Mucous  Membrane. — The  mucous  membrane  of  the  soft  palate  is  thin,  and  covered  with  strati- 
fied squamous  epithelium  on  both  surfaces,  excepting  near  the  pharyngeal  ostium  of  the  auditory 
tube,  where  it  is  columnar  and  ciliatcci.     According  to  Klein,  the  mucous  membrane  on  the 

'  "The  Innervation  of  the  Soft  Palate,"  by  Aldren  Turner,  Journal  of  Anatomy  and  Phyaiology,  xxiii,  523. 
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□asal  surface  of  the  soft  palate  in  the  fetus  is  covered  throughout  by  columnar  ciliated  epithelium, 
which  subsequently  becomes  squamous;  some  anatomists  state  that  it  ia  covered  with  columnar 
ciliated  epithelium,  except  at  ite  free  mai^,  throughout  life.  Beneath  the  mucous  membrane 
on  the  oral  surface  of  the  soft  plate  is  a  considerable  amount  of  adenoid  tissue.  The  palatine 
elands  form  a  continuous  layer  on  its  posterior  surface  and  around  the  uvula. 

TMSell  and  Nerrea. — The  artailBB  supplying  the  palate  are  the  descending  palatine  branch 
of  the  internal  maxillary,  the  ascending  palatine  branch  of  the  external  maxillary,  and  the  pala- 
tine branch  of  the  ascending  pharyngeal.  The  veins  end  chiefly  in  the  pterygoid  and  tonBillar 
plexuses.  The  lymplutic  TesBels  pass  to  the  deep  cervical  glands.  The  buuot;  nerres  are 
derived  from  the  palatine  and  aaaopalatine  nerves  and  from  the  glossopharyngeal. 

^plied  Anatomy. — The  occurrence  of  a  congenital  cleft  in  the  palate  has  been  already  referred 
to  aa  &  defect  in  development  (page  299).  After  the  operation  for  the  closure  of  a  cleft  in  the 
palate,  the  palatine  muscles,  especially  the  Tensor  and  Levator  veU  palatini,  have  a  tendency 
to  retard  the  healing  process  by  active  traction  upon  the  line  of  suture.  To  obviate  this,  it  is 
necessary  to  divide  them.  This  is  beat  done  by  making  longitudinal  incisions,  on  either  side, 
parallel  to  the  cleft  and  just  medial  to  the  pterygoid  hamulus,  in  euch  a  position  as  to  avoid 
the  descending  palatine  artery.  Acquired  perforations  of  the  palate  are  almost  invariably  the 
result  of  the  breaking  down  of  syphilitic  gummata.  The  ensuing  ulceration  may  continue  until 
practically  the'  whole  palate,  both  hard  and  soft,  has  been  destroyed.  Tumors  of  the  palate, 
both  innocent  and  malignant,  are  occasionally  seen. 

Paralysis  of  the  soft  palate  often  occurs  after  diphtheria.  It  gives  rise  to  a  change  in  the 
voice,  which  becomes  nasal,  and  to  the  regurgitation  of  fluids  down  the  nose  when  their  swal- 
lowing is  attempted.  On  inspection,  the  palate  is  seen  to  bang  flaccid  and  motionless  when 
phonation  or  dentition  are  attempted;  it  is  also  anesthetic. 


Fio.  B20.— Side  viea  of  the  Imth  and  jaws. 

The  Teeth  {dmtes)  (Figs.  929  to  931). — Man  is  pro\'ided  with  two  seta  of  teeth, 
which  make  their  appearance  at  different  periods  of  life.  Those  of  the  first  set 
appear  in  childhood,  and  are  called  the  deeidturas  or  milk  teeth.  Those  of  the  second 
set,  which  also  appear  at  an  early  period,  may  continue  until  old  age,  and  are 
named  penuaneat. 

The  decidnons  teeth  are  twenty  in  number:  four  incisors,  two  canines,  and  four 
molars,  in  each  jaw. 

The  pennaneat  teeth  are  thirty-two  in  number:  four  incisors,  two  canines,  four 
premolars,  and  six  molars,  in  each  jaw. 
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The  dental  formulse  may  be  represented  as  follows: 
Deciduous   Teeth. 

Upper  jaw  ,,2I2J212  1 

•>  Total  20 

Lower  jaw  ,,  2        1        2  I  2        1        2  J 

Permanent  Teeth. 

Upper  jaw       ...     3        2        1        2     2        1        2        3 1 

\  Total  32 

Lower  jaw       ,        ,  3        2         1        2     2         1         2        3  J 

Oen«ral  Cbar&cteristics.  —  Each  tooth  consists  of  three  portions;  the  crown, 
projecting  above  the  gum;  the  root,  imbedded  in  the  alveolus;  and  the  neck,  the 
constricted  portion  between  the  crown  and  root, 

Ineitivt  tanaU  Iw:itoT> 


Fio.  930,— Pemi»n*nt  teeth  ol  upper  denial  »rch.  Fio.  831.— PennMient  teeth  of  right  h»if  of 

The  roots  of  the  teeth  are  firmly  implanted  in  depressions  within  the  alveoli; 
these  depressions  are  lined  with  periosteum  which  invests  the  tooth  as  far  as  the 
neck.  At  the  margins  of  the  alveoli,  the  periosteum  is  continuous  with  the  fibrous 
structure  of  the  gums. 

In  consequence  of  the  curve  of  the  dental  arch,  terras  such  as  anterior  and 
posterior,  as  applied  to  the  teeth,  are  misleading  and  confusing.  Special  terms 
are  therefore  used  to  indicate  the  different  surfaces  of  a  tooth :  the  surface  directed 
toward  the  lips  or  cheek  is  known  as  the  labial  or  buccal  surfaco;  that  directed 
toward  the  tongue  is  described  as  the  lineal  aurtace;  those  surfaces  which  touch 
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neighboring  teeth  are  termed  aurtaces  of  contact.  In  the  case  of  the  incisor  and 
canine  teeth  the  surfaces  of  contact  are  medial  and  lateral;  in  the  premolar  and 
molar  teeth  they  are  anterior  and  posterior. 

The  superior  dental  arch  is  larger  than  the  inferior,  so  that  in  the  normal  condi- 
tion the  teeth  in  the  maxillee  slightly  overlap  those  of  the  mandible  both  in  front 
and  at  the  sides.  Since  the  upper  central  incisors  are  wider  than  the  lower,  the 
other  teeth  in  the  upper  arch  are  thrown  somewhat  distally,  and  the  two  sets  do 
not  quite  correspond  to  each  other  when  the  mouth  is  closed:  thus  the  upper 
canine  tooth  rests  partly  on  the  lower  canine  and  partly  on  the  first  premolar, 
and  the  cusps  of  the  upper  molar  teeth  lie  behind  the  corresponding  cusps  of  the 
lower  molar  teeth.  The  two  series,  however,  end  at  nearly  the  same  point  behind; 
thb  is  mainly  because  the  molars  in  the  upper  arch  are  the  smaller. 

The  Permanent  Teetb  {denies  permanentes)  (Fig.  932).  — The  Incisors  {denies 
incwivi;  incisive  or  cutting  teeth)  are  so  named  from  their  presenting  a  sharp  cutting 
edge,  adapted  for  biting  the  food.  They  are  eight  in  number,  and  form  the  four 
front  teeth  in  each  dental  arch. 


I  I 


The  cioth  is  directed  vertically,  and  is  chisel-shaped,  being  bevelled  at  the  expense 
of  its  lingual  surface,  so  as  to  present  a  sharp  horizontal  cutting  edge,  which, 
before  being  subjected  to  attrition,  presents  three  small  prominent  points  separated 
by  two  slight  notches.  It  is  convex,  smooth,  and  highly  polished  on  its  labial 
surface;  concave  on  its  lingual  surface,  where,  in  the  teeth  of  the  upper  arch,  it  is 
frequently  marked  by  an  inverted  V-shaped  eminence,  situated  near  the  gum. 
This  is  known  as  the  basal  ridge  or  cmgnlnm.  The  neck  is  constricted.  The  root 
is  long,  single,  conical,  transversely  flattened,  thicker  in  front  than  behind,  and 
slightly  grooved  on  either  side  in  the  longitudinal  direction. 

The  npper  incisors  are  larger  and  stronger  than  the  lower,  and  are  directed 
obliquely  downward  and  forward.  The  central  ones  are  larger  than  the  lateral, 
and  their  roots  are  more  rounded. 

The  lover  incisors  are  smaller  than  the  upper:  the  central  ones  are  smaller  than 
the  lateral,  and  are  the  smallest  of  all  the  incisors.  They  are  placed  vertically 
and  are  somewhat  bevelled  in  front,  where  they  have  been  worn  down  by  contact 
with  the  overlapping  edge  of  the  upper  teeth.    The  cingulum  is  absent. 

The  Canine  Teeth  (denies  canini)  are  four  in  number,  two  in  the  upper,  and  two 
in  the  lower  arch,  one  being  placed  laterally  to  each  lateral  incisor.  They  are  larger 
and  stronger  than  the  incisors,  and  their  roots  sink  deeply  into  the  bones,  and 
cause  well-marked  prominences  upon  the  surface. 
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The  crown  is  large  and  conical,  very  convex  on  its  labial  surface,  a  little  hollowed 
and  uneven  on  its  lingual  surface,  and  tapering  to  a  blunted  point  or  cusp,  which 
projects  beyond  the  level  of  the  other  teeth.  The  root  is  single,  but  longer  and 
thicker  than  that  of  the  incisors,  conical  in  form,  compressed  laterally,  and  marked 
by  a  slight  groove  on  each  side. 

The  upper  canine  teeth  (popularly  called  eye  teeth)  are  larger  and  longer  than 
the  lower,  and  usually  present  a  distinct  basal  ridge. 

The  lower  canine  teedi  (popularly  called  stomach  teeth)  are  placed  nearer  the 
middle  line  than  the  upper,  so  that  their  summits  correspond  to  the  intervals 
between  the  upper  canines  and  the  lateral  incisors. 

The  Premolars  or  Bieoapid  teeth  {dentes  praemolares)  are  eight  in  number,  four 
in  each  arch.  They  are  situated  lateral  to  and  behind  the  canine  teeth,  and  are 
smaller  and  shorter  than  them. 

The  crown  is  compressed  antero-posteriorly,  and  surmounted  by  two  pyramidal 
eminences  or  cusps,  a  labial  and  a  lingual,  separated  by  a  groove;  hence  their  name 
bieoapid.  Of  the  two  cusps  the  labial  is  the  larger  and  more  prominent.  The 
neck  is  oval.  The  root  is  generally  single,  compressed,  and  presents  in  front  and 
behind  a  deep  groove,  which  indicates  a  tendency  in  the  root  to  become  double. 
The  apex  is  generally  bifid. 

The  apper  premolars  are  larger,  and  present  a  greater  tendency  to  the  division 
of  their  roots  than  the  lower;  this  is  especially  the  case  in  the  first  upper  premolar. 
The  Molar  Teeth  (dentes  molares)  are  the  largest  of  the  permanent  setj  and  their 
broad  crowns  are  adapted  for  grinding  and  pounding  the  food.  They  are  twelve 
in  number;  six  in  each  arch,  three  being  placed  posterior  to  each  of  the  second 
premolars. 

The  crown  of  each  is  nearly  cubical  in  form,  convex  on  its  buccal  and  lingual 
surfaces,  flattened  on  its  surfaces  of  contact;  it  is  surmounted  by  four  or  five  tuber- 
cles, or  cusps,  separated  from  each  other  by  a  crucial  depression;  hence  the  molars 
are  sometimes  termed  multicuspids.    The  neck  is  distinct,  large,  and  rounded. 

Upper  Molars. — As  a  rule  the  first  is  the  largest,  and  the  third  the  smallest  of 
the  upper  molars.  The  crown  of  the  first  has  usually  four  tubercles;  that  of  the 
second,  three  or  four;  that  of  the  third,  three.  Each  upper  molar  has  three  roots, 
and  of  these  two  are  buccal  and  nearly  parallel  to  one  another;  the  third  is  lingual 
and  diverges  from  the  others  as  it  runs  upward.  The  roots  of  the  third  molar 
{dens  serotinus  or  wisdom-tooth)  are  more  or  less  fused  together. 

Lower  Molars. — The  lower  molars  are  larger  than  the  upper.     On  the  crown 

of  the  first  there  are  usually  five  tubercles;  on  those  of  the  second  and  third,  four 

or  five.    Each  lower  molar  has  two  roots,  an 

-  anterior,   nearly   vertical,   and    a  posterior, 

/|  »  directed  obliquely  backward;  both  roots  are 

I'M  l\  grooved  longitudinally,  indicating  a  tendency 

(J  V  to  division.    The  two  roots  of  the  third  molar 

/|  /  {dens  serotinus  or  wisdom  tooth)  are  more  or 

/jj  1.  less  united. 

"""  The  Decidooos  Teeth  {denies  decidui;  tem- 

porary or  viilk  teeth)  (Fig.  933), — ^The  decid- 
uous are  smaller  than,  but,  generally  speak- 
ing, resemble  in  form,  the  teeth  which  bear 
the  same  names  in  the  permanent  set.  The 
Fio.  633,— Deciduous  t«Ui.   Left  Bide.  hinder  of  the  two  molars  is  the  largest  of  all 

the  deciduous  teeth,  and  is  succeeded  by  the 
second  premolar.  The  first  upper  molar  has  only  three  cusps — two  labial,  one 
lingual;  the  second  upper  molar  has  four  cusps.  The  first  lower  molar  has  four 
cusps;  the  second  lower  molar  has  five.    The  roots  of  the  deciduous  molars  are 


\'        i 


THE  MOUTH  1119 

smaller  and  more  divergent  than  those  of  the  permanent  molars,  but  in  other 
respects  bear  a  strong  resemblance  to  them. 

Btructme  of  tb«  Teeth. — On  makinK  a  vertic&l  section  of  a  tooth  (Fig.  934),  a  cavity  will  be 
found  in  the  interior  of  the  crown  and  the  centre  of  each  root;  it  opens  by  a  minute  orifice  at 
the  extremity  of  the  latter.  This  is  called  the  pulp  cftvity,  and  contains  the  dental  pn^,  a  loose 
connective  tissue  richly  supplied  with  vessels  and  nerves,  which  enter  the  cavity  through  the 
email  aperture  at  the  point  of  each  root.  Some  of  the  cells  of  the  pulp  are  arranged  ae  a  layer 
on  the  wall  of  the  pulp  cavity;  they  are  named  the  odoutoblutB  of  Waldeyer,  and  during  the 
development  of  the  tooth,  are  columnar  in  shape,  but  later  on,  after  the  dentin  is  fully  formed, 
they  become  flattened  and  resemble  osteoblasts.  Each  has  two  fine  processes,  the  outer  one 
passing  into  a  dental  canaliculus,  the  inner  being  continuous  with  the  processes  of  the  connective- 
tissue  cells  of  the  pulp  matrix. 

Nteb 


Fia.  933. — Vertical  s«tioD  of  ■  molar  tooth. 


f  ia  pIoDed  in  th«  pulp  cavityn  oppcnte  the  dvcIe  oT  tha 
tootli:  tha  inrt  above  it  i>  the  crowii,  that  below  in  Cha 
loot.  1.  Enamel  with  radial  and  coocentric  mukinga, 
2.  DanttD  with  tubulea  and  iocnmenUlliDH.    3. Cement 

(wriaMemn.    S.  Mandible.  '  '  |Ma«nlGcd.) 

The  solid  portion  of  the  tooth  consists  of  (1)  the  Ivory  or  dentin,  which  forms  the  bulk  of  the 
tooth;  (2)  the  enamel,  which  covers  the  exposed  part  of  the  crown;  and  (3)  a  thin  layer  of  bone, 
the  cameiit  or  cnuta  petrou,  which  is  disposed  on  the  surface  of  the  root. 

The  dentin  (subatanlia  ebumea;  ivory)  (Fig.  936)  forma  the  principal  mass  of  a  tooth.  It  is 
a  modification  of  osseous  tissue,  from  which  it  differs,  however,  in  structure.  On  microscopic 
examination  it  is  seen  to  consist  of  a  number  of  minute  wavy  and  branching  tubes,  the  dental 
cinaUcnli,  imbedded  in  a  dense  homogeneous  substance,  the  matrix. 
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The  denUl  CAUlieoli  {dentinoi  Ivbidea)  (Fig.  037)  are  placed  parallel  with  one  another,  and 
open  at  their  inner  ends  into  the  pulp  cavity.  In  Iheir  course  to  the  periphery  they  present  two 
or  three  curves,  and  are  twisted  on  themselves  in  a  spiral  direction,  Theae  canaliculi  vary  in 
direction:  thua  in  a  tooth  of  the  mandible  they  are  vertical  in  the  upper  portion  of  the  crown, 
becoming  oblique  and  then  horizontal  in  the  neck  and  upper  part,  of  the  root,  while  toward  the 
lower  part  of  the  root  they  are  inclined  downward.  In  their  course  they  divide  and  subdivide 
dichotomously,  and,  especially  in  the  root,  give  off  minute  branches,  which  join  together  in 
loops  in  the  matrix,  or  end  blindly.  Near  the  periphery  of  the  dentin,  the  finer  ramifications 
of  tbe  canaliculi  terminate  imperceptibly  by  free  ends.  The  dental  canaliculi  have  definite  walls, 
consisting  of  an  elastic  homogeneous  membrane,  the  dentinal  sheath  of  Nsnmaiui,  which  resists 
the  action  of  acids;  they  contain  slender  cylindrical  prolongations  of  the  odontoblasts,  first 
described  by  Tomes,  and  named  Tomes'  fibres  or  dentinal  fibres. 

The  matrix  (in(erfu5uiar  dentin)  is  translucent,   and  contains  the  chief  part  of  the  eartby 

matter  of  the  dentin.    In  it  arc  a,  number  of  fine  fibriLt,  which  are  continuous  with  the  fibrils 

of  the  dental  pulp.    After   the  earthy  matter  has 

s^C  been  removed  by   steeping   a   tooth  in   weak  acid, 

-  ™"  — ^ — "  the  animal  basis  remaining  may  be  tdm  into  laminte 

which  run  parallel  with  the  pulp  cavity,  across  the 
Cemea,  direction  of  the  tubes.    A  section  of  dry  dentin  often 

displays  a  series  of  somewhat  parallel  lines — the 
iaoiemental  lines  of  Salter.    These  lines  are  com- 
posed of  imperfectly  calcified  dentin  arranged  in 
layers.    In  consequence  of  the  imperfection  in  tbe 
Inkrijlobuiar     calcifying  process,   little  irregular  cavities  are  left, 
spaces         termed  Interclobnlar  spaces  (Pig.  937).    Normally 
a  series  of  these  spaces  is  found  toward  the  out^ 
surface  of  the  dentin,  where  they  form  a  layer  which 
is  sometimes  known  as  the  (laBiiIar  layer.      They 
have  received  their  name  from  the  fact  that  they 
are  surrounded  by  minute  nodules  or  globules  of 
dentin.    Other  curved  lines  may  be  seen  parallel  to 
Dentin  the  surface.    These  are  the  lines  of  Schrefer,  and 

are  due  to  the  optical  effect  of  simultaneous  curva- 
ture of  the  dentinal  fibres. 

Chemical  Compoeiiion.  —  According  to  Berzehus 
and  von  Bibra,  dentin  consists  of  28  parts  of  animal 
and  72  parts  of  earthy  matter.  The  animal  matter 
is  converted  by  boiling  into  gelatin.  The  earthy 
matter  consists  of  phosphate  of  lime,  carbonate  of 
lime,  a  trace  of  fluoride  of  calcium,  phosphate  of 
magnesium,  and  other  salts. 

The  enamel  {substantia  adamantina)  is  the  hardest 
and  most  compact  port  of  the  tooth,  and  forms  a 
thin  crust  over  the  exposed  part  of  the  crown,  as  far 
t  of  the  root.  It  is  thickest  o 


Fio.  S37.— Traonvti-K  nection  ot  a  poriion  of  ihe  the  grinding  surface  of  the  crown,  until  worn  away 
root  oi  ■  cBDine  looth.    X  300.  ^y  attrition,  and  becomes  thinner  toward  the  neck. 

It  consists  of  minute  hexagonal  rods  or  columns 
termed  enamel  fibres  or  enamel  ptisms  (priemata  adamantina).  They  lie  parallel  with  one 
another,  resting  by  one  extremity  upon  the  dentin,  which  presents  a  number  of  minute  depres- 
sions tor  their  reception;  and  forming  the  free  surface  of  the  crown  by  the  other  extremity. 
The  columns  are  directed  vertically  on  the  summit  of  the  crown,  horisontally  at  the  sides;  they 
are  about  4*1  in  diameter,  and  pursue  a  more  or  less  wavy  course.  Each  column  is  a.  six-aided 
prism  and  presents  numerous  dark  transverse  shadings;  these  shadings  are  probably  due  to  the 
manner  in  which  the  columns  are  developed  in  successive  stages,  producing  shallow  constric- 
tions, as  wiU  be  subsequently  explained.  Another  series  of  lines,  having  a  brown  appearance,, 
the  parallel  strin  or  colored  lines  of  Betsiiis,  is  seen  on  section.  According  to  Ebner,  they  are 
produced  by  air  in  the  interpriamatic  spaces;  others  believe  that  they  are  the  result  of  true 
pigmentation. 

Numerous  minute  interstices  intervene  between  the  enamel  fibres  near  their  dentinal  ends, 
a  provision  calculated  to  allow  of  the  permeation  of  fluids  from  the  dental  canaliculi  into  the 
substance  of  tbe  enamel. 

Chemical  Composition. — According  to  von  Bibra,  enamel  consists  of  96.5  per  cent,  of  earthy 
matter,  and  3.5  per  cent,  of  animal  matter.  The  earthy  matter  consists  of  phosphate  of  lime, 
with  traces  of  fluoride  of  calcium,  carbonate  of  lime,  phosphate  of  magnesium,  and  other  salts. 
According  to  Tomes,  the  enuuel  contains  the  merest  trace  of  organic  nratter. 
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The  cnuta  petrou  or  cenunt  (iubslantUi  ossea)  is  dinposed  as  a  thin  layer  on  the  roots  of  the 
te«th,  from  the  termination  of  the  enamel  to  the  apex  of  each  root,  where  it  is  usually  very  thick. 
In  ebiioture  and  chemical  composition  it  resembles  bone.  It  contains,  sparingly,  the  lacuiue 
and  canaliculi  wliich  characterize  true  bone;  the  lacuna  placed  near  the  surface  receive  the 
canaliculi  radiating  from  the  side  of  the  lacunK  toward  the  periodontal  membrane;  and  those 
more  deeply  placed  join  with  the  adjacent  dental  canaliculi.  In  the  thicker  portions  of  the 
cnista  petroaa,  the  lamelte  and  Haversian  canals  peculiar  to  bone  are  also  found. 


it  loirer  dedduous  molBr  ol  a  huinsn  embryo  30  didi.  Ions.     <R(iw.) 
Blsted  (rom  ths  deDtal  Lamins,      ZL.  PlBced  ovsr  lbs  bIihUok  dental 

.     Z.S.  CondeoaedliBaue  forming  dBDtaLiac.     Af.E,  Mouth  epitheliuin! 

As  age  advances,  the  cement  increases  in  thickness,  and  gives  rise  to  those  bony  growths  or 
exostoses  so  common  in  the  teeth  of  the  aged;  the  pulp  cavity  also  becomes  partially  filled  up  by 
a  hard  subHtance,  intermediate  in  structure  between  dentin  and  bone  (osteodentin,  Owen;  eeeond- 
ary  dentin,  Tomes) .  It  appears  to  be  formed  by  a  slow  conversion  of  the  dental  pulp,  which 
shrinks,  or  even  disappears- 

DoTelopment  of  ths  Teeth  (Figs.  63S  to  941). — In  describing  the  development  of  the  teeth, 
the  mode  of  formation  of  the  deciduous  teeth  must  first  be  considered,  and  then  that  of  the 
permanent  series. 


Fio.  939.— Similar  sectjon  thcouili  Ihe  canine  toolh  ot  an  embryo  40  urn.  long.    (R6k.)     X  100.    LP.  Labio- 
dental furrow.     Tbe  other  lellcrins  u  in  Fig.  038. 

Develt^me&t  of  the  Deddnoiu  Teeth.— The  development  of  the  deciduous  teeth  begins 
about  the  sixth  week  of  fetal  hfe  as  a  thickening  of  the  epithelium  along  the  line  of  the  future 
jaw,  the  thickening  being  due  to  a  rapid  multiplication  of  the  more  deeply  situated  epithelial 
cells.  As  the  cells  multiply  they  extend  into  the  subjacent  mesoderm,  and  thus  form  a  ridge 
or  strand  of  cells  imbedded  in  mesoderm.  About  the  seventh  week  a  longitudinal  splitting  or 
cleavage  of  this  strand  of  cells  takes  place,  and  it  Ijecomes  divided  into  two  strands;  the  separa- 
tion begins  in  front  and  extends  laterally,  the  process  occupying  four  or  five  weeks.  Of  the  two 
strands  thus  formed,  the  Utuftl  forms  the  labiodental  Undna;  wliile  the  other,  the  Unfoal, 
is  the  ridge  of  cells  in  connection  with  which  the  teeth,  both  deciduous  and  permanent,  are 
developed.  Hence  it  is  known  as  the  dental  lamina  or  common  dental  term.  It  forms  a  flat 
71 
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band  of  cells,  which  growe  into  the  aubstance  of  the  embryonic  jaw,  at  firat  horizontally 
inward,  and  then,  ae  the  teeth  develop,  vertically,  i.  e.,  upward  in  the  upper  jaw,  and 
downward  in  the  lower  jaw.    While  still  maintaining  a  horizontal  direction  it  has  two  edges 


afitfl  organ 
Dental  papilla 


Steondary  Fnsnej  ga 


Fio.  MO, — Verticsi  Kclioa  o(  the  mandibte  of  an  urly  bumsn  fetug.     X  25. 

— aa  attacked  edge,  continuous  with  the  epithelium  lining  the  mouth,  and  a  free  edge,  projecting 
inward,  and  imbedded  in  the  mesodermal  tissue  of  the  embryonic  jaw.  Along  its  line  of 
attachment  to  the  buccal  epithelium  is  a  shallow  groove,  the  dentkl  funow. 

About  the  ninth  week  the  denta!  lamina  begins 
to  develop  enlargements  along  its  free  border. 
These  are  ten  in  number  in  each  jaw,  and  each 
corresponds  to  a  future  deciduous  tooth.  They 
consist  of  masses  of  epithelial  cells;  and  the  cells 
of  the  deeper  part — that  is,  the  part  farthest  from 
the  margin  of  the  jaw— increase  rapidly  and  spread 
out  in  all  directions.  Each  mass  thus  comes  to 
ssaume  a  club  shape,  connected  with  the  general 
epithelial  lining  of  the  mouth  by  a  narrow  neck, 
embraced  by  mesoderm.  They  are  now  known  as 
ap«cial  dental  cerms.  After  a  time  the  lower  ex- 
panded portion  inchnes  outward,  so  as  to  form  an 
angle  with  the  superficial  constricted  portion,  which 
is  sometimes  known  as  the  neck  of  the  special 
dental  germ.  About  the  tenth  week  the  meso- 
dermal tissue  beneath  these  special  dental  germs 
becomes  difTerentiated  into  papilla;  these  grow 
upward,  and  come  in  contact  with  the  epithelial 
cells  of  the  special  dental  germs,  which  become 
folded  over  them  like  a  hood  or  cap.  There  is, 
then,  at  this  stage  a  papilla  <or  papiUae)  which 
has  already  begun  to  assume  somewhat  the  shape 
of  the  crown  of  the  future  tooth,  and  from  which 
the  dentin  and  pulp  of  the  tooth  are  formed,  sur- 
mounted by  a  dome  or  cap  of  epithelial  cells  from 
which  the  enamel  is  derived. 

In  the  meantime,  while  these  changes  have  been 
Fm.  Ml.— Longitudinal  Hction  of  the  lower  part  gOing  on,  the  dental  lamina  has  been  extending 
o[*BSu^^to'brE^M'b^^S§\'ife^ci^wn°to'''ili'rk'^^  backward  behind  the  special  dental  germ  corre- 
thu  Umit  of  fornutioD  of  the  dentin  of  tbe  loot,  spondlng  to  the  sccond  dcciduous  molar  tooth, 
i^Srf!  tb^fl^t^h'eHSr'S!!^'"h'orHerTi^' ^d 'iJe^til^  ^""^  **  **><"''■  ^^^  seventeenth  week  it  presents  an 
tn.  Enamel.  e<l.  Odontoblasta.    p.  Pulp.  enlargement,  the  special  dental  germ,  for  the  first 

permanent  molar,  soon  followed  by  the  formation 
of  a  papilla  in  the  mesodermal  tissue  for  the  same  tooth.  This  is  followed,  about  the  sixth 
month  after  birth,  by  a  further  extension  backward  of  the  dental  lamina,  with  the  formation 
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of  another  enlargement  and  its  corresponding  papilla  for  the  second  molar.  And  finally  the  pro- 
cess is  repeated  for  the  third  molar,  its  papilla  appearing  about  the  fifth  year  of  life. 

After  the  formation  of  the  special  dental  germs,  the  dental  lamina  undergoes  atrophic  changes 
and  becomes  cribriform,  except  on  the  lingual  and  lateral  aspects  of  each  of  the  special  germs 
of  the  temporary  teeth,  where  it  undergoes  a  local  thickening  forming  the  special  dental  germ 
of  each  of  the  successional  permanent  teeth — i.  6.,  the  ten  anterior  ones  in  each  jaw.  Here  the 
same  process  goes  on  as  has  been  described  in  connection  with  those  of  the  deciduous  teeth: 
that  is,  they  recede  into  the  substance  of  the  gum  behind  the  germs  of  the  deciduous  teeth.  As 
they  recede  they  become  club-shaped,  form  expansions  at  their  distal  extremities,  and  finally 
meet  papillse,  which  have  been  formed  in  the  mesoderm,  just  in  the  same  manner  as  was  the 
case  in  the  deciduous  teeth.  The  apex  of  each  papilla  indents  the  dental  germ,  which  enclosee 
it,  and,  forming  a  cap  for  it,  becomes  converted  into  the  enamel,  while  the  papilla  forms  the 
dentin  and  pulp  of  the  permanent  tooth. 

The  special  dental  germs  consist  at  first  of  rounded  or  polyhedral  epithelial  cells;  after  the 
formation  of  the  papillae,  these  cells  undergo  a  differentiation  into  three  layers.  Those  which 
are  in  immediate  contact  with  the  papilla  become  elongated,  and  form  a  layer  of  well-marked 
columnar  epithelium  coating  the  papilla.  They  are  the  cells  which  form  the  enamel  fibres, 
and  are  therefore  termed  enamel  cells  or  adamantoblasts.  The  cells  of  the  outer  layer  of  the 
special  dental  germ,  which  are  in  contact  with  the  inner  surface  of  the  dental  sac,  presently  to 
be  described,  are  much  shorter,  cubical  in  form,  and  are  named  the  external  enamel  epithelium. 
All  the  intermediate  round  cells  of  the  dental  germ  between  these  two  layers  imdergo  a  peculiar 
change.  They  become  stellate  in  shape  and  develop  processes,  which  unite  to  form  a  net-work 
into  which  fluid  is  secreted;  this  has  the  appearance  of  a  jelly,  and  to  it  the  name  of  enamel  pulp 
is  given.  This  transformed  special  dental  germ  is  now  known  under  the  name  of  enamel  organ 
(Fig.  940). 

While  these  changes  are  going  on,  a  sslc  is  formed  around  each  enamel  organ  from  the  sur- 
rounding mesodermal  tissue.  This  is  known  as  the  dental  sac,  and  is  a  vascular  membrane 
of  connective  tissue.  It  grows  up  from  below,  and  thus  encloses  the  whole  tooth  germ;  as  it 
grows  it  causes  the  neck  of  the  enamel  organ  to  atrophy  and  disappear;  so  that  all  communi- 
cation between  the  enamel  organ  and  the  superficial  epithelium  is  cut  oS.  At  this  stage  there 
are  vascular  papiUsB  surmounted  by  caps  of  epithelial  cells,  the  whole  being  surrounded  by 
by  membranous  sacs. 

Formation  of  the  Enamel. — The  enamel  is  formed  exclusively  from  the  enamel  cells  or  adaman- 
toblasts  of  the  special  dental  germ,  either  by  direct  calcification  of  the  columnar  cells,  which 
become  elongated  into  the  hexagonal  rods  of  the  enamel;  or,  as  is  more  generally  believed,  as 
a  secretion  from  the  adamantoblasts,  within  which  calcareous  matter  is  subsequently  deposited. 

The  process  begins  at  the  apex  of  each  cusp,  at  the  ends  of  the  enamel  cells  in  contact  with 
the  dental  papilla.  Here  a  fine  globular  deposit  takes  place,  being  apparently  shed  from  the  end 
of  the  adamantoblasts.  It  is  known  by  the  name  of  the  enamel  droplet,  and  resembles  keratin 
in  its  resistance  to  the  action  of  mineral  acids.  This  droplet  then  becomes  fibrous  and  calcifies 
and  forms  the  firat  layer  of  the  enamel;  a  second  droplet  now  appears  and  calcifies,  and  so  on; 
successive  droplets  of  keratin-like  material  are  shed  from  the  adamantoblasts  and  form  successive 
layers  of  enamel,  the  adamantoblasts  gradually  receding  as  each  layer  is  produced,  imtil  at  the 
termination  of  the  process  they  have  almost  disappeared.  The  intermediate  cells  of  the  enamel 
pulp  atrophy  and  disappear,  so  that  the  newly  formed  calcified  material  and  the  external  enamel 
epithelium  come  into  apposition.  This  latter  layer,  however,  soon  disappears  on  the  emergence 
of  the  tooth  beyond  the  gum.  After  its  disappearance  the  crown  of  the  tooth  is  still  covered 
by  a  distinct  membrane,  which  persists  for  some  time.  This  is  known  as  the  cuticiila  dentiSi  or 
Nasmyth'B  membrane,  and  is  believed  to  be  the  last-formed  layer  of  enamel  derived  froin  the 
adamantoblasts,  which  has  not  become  calcified.  It  forms  a  homy  layer,  which  may  be  separ- 
ated from  the  subjacent  calcified  mass  by  the  action  of  strong  acids.  It  is  marked  by  the  hexagonal 
impressions  of  the  enamel  prisms,  and,  when  stained  by  nitrate  of  silver,  shows  the  characteristic 
appearance  of  epithelium. 

Formation  of  the  Dentin. — While  these  changes  are  taking  place  in  the  epithelium  to  form 
the  enamel,  contemporaneous  changes  occurring  in  the  differentiated  mesoderm  of  the  dental 
papillae  result  in  the  formation  of  the  dentin.  As  before  stated,  the  first  germs  of  the  dentin  are 
the  papillffi,  corresponding  in  number  to  the  teeth,  formed  from  the  soft  mesodermal  tissue 
which  bounds  the  depressions  containing  the  special  enamel  germs.  The  papilke  grow  upward 
into  the  enamel  germs  and  become  covered  by  them,  both  being  enclosed  in  a  vascular  connective 
tissue,  the  dental  sac,  in  the  manner  above  described.  Each  papilla  then  constitutes  the  forma- 
tive pulp  from  which  the  dentin  and  permanent  pulp  are  developed;  it  consists  of  rounded  cells 
and  is  very  vascular,  and  soon  begins  to  assume  the  shape  of  the  future  tooth.  The  next  step 
is  the  appearance  of  the  odontoblasts,  which  have  a  relation  to  the  development  of  the  teeth 
similar  to  that  of  the  osteoblasts  to  the  formation  of  bone.  They  are  formed  from  the  cells 
of  the  periphery  of  the  papilla — that  is  to  say,  from  the  cells  in  immediate  contact  with  the 
adamantoblasts  of  the  special  dental  germ.     These  cells  become  elongated,  one  end  of  the 
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elongated  cell  resting  against  the  epithelium  of  the  special  dental  germs,  the  other  being  tapered 
and  oftened  branched.  By  the  direct  transformation  of  the  peripheral  ends  of  these  cells,  or 
by  a  secretion  from  them,  a  layer  of  micalcified  matrix  (prodentin)  is  formed  which  caps  the 
cusp  or  cusps,  if  there  are  more  than  one,  of  the  papillae.  This  matrix  becomes  fibrillated,  and 
in  it  islets  of  calcification  make  their  appearance,  and  coalescing  give  rise  to  a  continuous  layer 
of  calcified  material  which  covers  each  cusp  and  constitutes  the  first  layer  of  dentin.  The  odon- 
toblasts, having  thus  formed  the  first  layer,  retire  toward  the  centre  of  the  papilla,  and,  as  they 
do  so,  produce  successive  layers  of  dentin  from  their  peripheral  extremities — that  is  to  say, 
they  iform  the  dentinal  matrix  in  which  calcification  subsequently  takes  place.  As  they  thus 
recede  from  the  periphery  of  the  papilla,  they  leave  behind  them  filamentous  processes  of  cell 
protoplasm,  provided  with  finer  side  processes;  these  are  siurounded  by  calcified  material,  and 
thus  form  the  dental  canaliculi,  and,  by  their  side  branches,  the  anastomosing  canaliculi:  the 
processes  of  protoplasm  contained  within  them  constitute  the  dentinal  fibres  (Tames*  fibres). 
In  this  way  the  entire  thickness  of  the  dentin  is  developed,  each  canaliculus  being  completed 
throughout  its  whole  length  by  a  single  odontoblast.  The  central  part  of  the  papilla  does  not 
undergo  calcification,  but  persists  as  the  pulp  of  the  tooth.  In  this  process  of  formation  of  dentin 
it  has  been  shown  that  an  uncalcified  matrix  is  first  developed,  and  that  in  this  matrix  islets  of 
calcification  appear  which  subsequently  blend  together  to  form  a  cap  to  each  cusp:  in  like  manner 
successive  layers  are  produced,  which  ultimately  become  blended  with  each  other.  In  certain 
places  this  blending  is  not  complete,  portions  of  the  matrix  remaining  uncalcified  between  the 
successive  layers;  this  gives  rise  to  little  spaces,  which  are  the  interglobular  spaces  alluded  to 
above. 

Formation  of  the  Cement. — The  root  of  the  tooth  begins  to  be  formed  shortly  before  the  crown 
emerges  through  the  gum,  but  is  not  completed  until  some  time  afterward.  It  is  produced  by  a 
downgrowth  of  the  epitheliimi  of  the  dental  germ,  which  extends  almost  as  far  as  the  situation 
of  the  apex  of  the  future  root,  and  determines  the  form  of  this  portion  of  the  tooth.  This  fold 
of  epitheUum  is  known  as  the  epithelial  sheafh,  and  on  its  papillary  surface  odontoblasts  appear, 
which  in  turn  form  dentin,  so  that  the  dentin  formation  is  identical  in  the  crown  and  root  of  the 
tooth.  After  the  dentin  of  the  root  has  been  developed,  the  vascular  tissues  of  the  dental  sac 
begin  to  break  through  the  epithelial  sheath,  and  spread  over  the  surface  of  the  root  as  a  layer 
of  bone-forming  material.  In  this  osteoblasts  make  their  appearance,  and  the  process  of  ossi- 
fication goes  on  in  identically  the  same  manner  as  in  the  ordinary  intramembranous  ossification 
of  bone.  In  this  way  the  cement  is  formed,  and  consists  of  ordinary  bone  containing  canaliculi 
and  lacunse. 

Formation  of  the  Alveoli. — About  the  fourteenth  week  of  embryonic  life  the  dental  lamina 
becomes  enclosed  in  a  trough  or  groove  of  mesodermal  tissue,  which  at  first  is  common  to  all  the 
dental  germs,  but  subsequently  becomes  divided  by  bony  septa  into  loculi,  each  loculus  con- 
taining the  special  dental  germ  of  a  deciduous  tooth  and  its  corresponding  permanent  tooth. 
After  birth  each  cavity  becomes  subdivided,  so  as  to  form  separate  locuU  (the  future  alveoli) 
for  the  deciduous  tooth  and  its  corresponding  permanent  tooth.  Although  at  one  time  the  whole 
of  the  growing  tooth  is  contained  in  the  cavity  of  the  alveolus,  the  latter  never  completely  encloses 
it,  since  there  is  always  an  aperture  over  the  top  of  the  crown  filled  by  soft  tissue,  by  which  the 
dental  sac  is  connected  with  the  surface  of  the  gum,  and  which  in  the  permanent  teeth  is  called 
the  gubemacalum  dentis. 

Development  of  the  Permanent  Teeth. — ^The  permanent  teeth  as  regards  their  development 
may  be  divided  into  two  sets:  (1)  those  which  replace  the  deciduous  teeth,  and  which,  like  them, 
are  ten  in  number  in  each  jaw:  these  are  the  snccessional  permanent  teeth;  and  (2)  those  which 
have  no  deciduous  predecessors,  but  are  superadded  distal  to  the  temporary  dental  series.  These 
are  three  in  nimiber  on  either  side  in  each  jaw,  and  are  termed  superadded  permanent  teeth. 
They  are  the  three  molars  of  the  permanent  set,  the  molars  of  the  deciduous  set  being  replaced 
by  the  premolars  of  the  permanent  set.  The  development  of  the  successional  permanent  teeth — 
the  ten  anterior  ones  in  either  jaw — ^has  already  been  indicated.  During  their  development  the 
permanent  teeth,  enclosed  in  their  sacs,  come  to  be  placed  on  the  lingual  side  of  the  deciduous 
teeth  and  more  distant  from  the  margin  of  the  future  gum,  and,  as  already  stated,  are  separated 
from  them  by  bony  partitions.  As  the  crown  of  the  permanent  tooth  grows,  absorption  of  these 
bony  partitions  and  of  the  root  of  the  deciduous  tooth  takes  place,  through  the  agency  of  osteo- 
clasts, which  appear  at  this  time,  and  finally  nothing  but  the  crown  of  the  deciduous  tooth  remains. 
This  is  shed  or  removed,  and  the  permanent  tooth  takes  its  place. 

The  superadded  permanent  teeth  are  developed  in  the  manner  already  described,  by  extensions 
backward  of  the  posterior  part  of  the  dental  lamina  in  each  jaw. 

Eruption  of  the  Teeth. — When  the  calcification  of  the  different  tissues  of  the  tooth 
is  sufficiently  advanced  to  enable  it  to  bear  the  pressure  to  which  it  will  be  afterward 
subjected,  eruption  takes  place,  the  tooth  making  its  way  through  the  gum.  The 
gum  is  absorbed  by  the  pressure  of  the  crown  of  the  tooth  against  it,  which  is 
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itself  pressed  up  by  the  increasing  size  of  the  root.  At  the  same  time  the  septa 
between  the  dental  sacs  ossifiy,  and  constitute  the  alveoli ;  these  firmly  embrace 
the  necks  of  the  teeth,  and  afford  them  a  solid  basis  of  support. 

The  eruption  of  the  deciduous  teeth  commences  about  the  seventh  month  after 
birth,  and  is  completed  about  the  end  of  the  second  year,  the  teeth  of  the  lower 
jaw  preceding  those  of  the  upper. 

The  following,  according  to  C.  S.  Tomes,  are  the  most  usual  times  of  eruption: 


Lower  central  incisors 

Upper  incisors 

Lower  lateral  incisors  and  first  molars 

Canines 

Second  molars 


6  to    9  months. 
8  to  10  months. 

15  to  21  months. 

16  to  20  months. 
20  to  24  months. 


There  are,  however,  considerable  variations  in  these  times;  thus,  according 
to  Holt: 

At  the  age  of  1    year  a  child  should  have    6  teeth. 

H  years       *'  "  12 

2        "         ''  "  16 

2i      "  "  "  20 


it 


it 

it 
(( 


It 
tt 
it 


Calcification  of  the  permanent  teeth  proceeds  in  the  following  order  in  the 
lower  jaw  (in  the  upper  jaw  it  takes  place  a  little  later):  the  first  molar,  soon 
after  birth;  the  central  and  lateral  incisors,  and  the  canine,  about  six  months 
after  birth;  the  premolars,  at  the  second  year,  or  a  little  later;  the  second  molar, 
about  the  end  of  the  second  year;  the  third  molar,  about  the  twelfth  year. 

The  eruption  of  the  permanent  teeth  takes  place  at  the  following  periods,  the 
teeth  of  the  lower  jaw  preceding  those  of  the  upper  by  short  intervals: 


First  molars    . 
Two  central  incisors 
Two  lateral  incisors 
First  premolars 
Second  premolars 
Canines    . 
Second  molars 
Third  molars 


6th  year. 

7th  year. 

8th  year. 

9th  year. 

.   10th  year. 

11th  to  12th  year. 

12th  to  13th  year. 

17th  to  25th  year. 


Toward  the  sixth  year,  before  the  shedding  of  the  deciduous  teeth  begins,  there 
are  twenty-four  teeth  in  each  jaw,  viz.,  the  ten  deciduous  teeth  and  the  crowns 
of  all  the  permanent  teeth  except  the  third  molars. 

Applied  Anatomy. — As  a  consequence  of  local  irritation  or  of  chronic  digestive  disturbances 
occurring  during  their  eruption,  both  the  deciduous  and  the  permanent  teeth  may  show  defective 
development  or  irregular  transverse  furrowing  and  erosions;  this  is  particularly  the  case  with 
the  incisors.  Quite  distinct  from  and  much  less  common  than  this  is  a  characteristic  malforma- 
tion of  the  two  upper  central  permanent  incisors  seen  in  patients  with  inherited  syphilis,  and 
first  described  by  Hutchinson.  Here  there  is  a  crescentic  notch  in  the  anterior  surface  and  at 
the  cutting  edge  of  the  tooth,  which  is  peg-shaped,  stunted,  and  often  also  set  obliquely  in  the 
gum,  pointing  either  inward  or  outward.  Numerous  forms  of  innocent  iumor  arising  from  the 
teeth,  or  from  their  constituent  layers,  have  been  described  under  the  general  name  of  odontoma. 
Infection  of  the  pulp  of  a  tooth  by  bacteria  gaining  access  thereto  in  consequence  of  dental  caries 
gives  rise  to  the  common  and  very  painful  alveolar  abscess;  starting  in  the  apical  space  between 
the  root  of  the  tooth  and  its  alveolar  socket,  the  pus  from  such  an  abscess  may  make  its  way 
into  the  maxillary  antrum,  or  burst  through  the  hard  palate  or  cheek.  A  more  superficial  abscess 
forming  between  the  root  of  a  tooth  and  the  gum  is  known  as  a  gum-boil. 

The  Toxi^e  (lingua). — The  tongue  is  the  principal  organ  of  the  sense  of  taste, 
and  an  important  organ  of  speech ;  it  also  assists  in  the  mastication  and  deglutition 
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of  the  food.  It  is  situated  in  the  floor  of  the  mouth,  within  the  curve  of  the 
body  of  the  mandible. 

Its  Root  {radix  linguae;  base)  (Fig.  906)  is  directed  backward,  and  connected 
with  the  hyoid  bone  by  the  Hyoglossi  and  Genioglossi  muscles  and  the  hyoglossal 
membrane;  with  the  epiglottis  by  three  folds  {glossoepiglottic)  of  mucous  membrane; 
with  the  soft  palate  by  the  glossopalatine  arches;  and  with  the  pharynx  by  the 
Constrictores  pharj'ngis  superiores  and  the  mucous  membrane. 

Its  Apex  {apex  linguae;  tip),  thin  and  narrow,  is  directed  forward  against  the 
lingual  surfaces  of  the  lower  incisor  teeth. 


Fio,  M2.— Tb( 


Its  biferior  Surface  {fades  inferioT  linguas;  under  surface)  (Fig.  942)  is  connected 
with  the  mandible  by  the  Genioglossi;  the  mucous  membrane  is  reflected  from  it 
to  the  lingual  surface  of  the  gum  and  on  to  the  floor  of  the  mouth,  where,  in  the 
middle  line,  it  is  elevated  into  a  distinct  vertical  fold,  the  trenolnm  lintuae.  On 
either  side  lateral  to  the  frenulum  is  a  slight  fold  of  the  mucous  membrane,  the 
plica  flmbriata,  the  free  edge  of  which  occasionally  exhibits  a  series  of  fringe-like 
processes. 

The  apex  of  the  tongue,  part  of  the  inferior  surface,  the  sides,  and  dorsum  are 
free. 

The  Dorsum  ol  the  Tongue  (dorsum  lingvae)  (Fig.  943)  is  convex  and  marked  by 
a  median  sulcus,  which  divides  it  into  symmetrical  halves;  this  sulcus  ends  behind, 
about  2.5  cm.  from  the  root  of  the  organ,  in  a  depression,  the  foramen  cecum, 
from  which  a  shallow  groove,  the  sulcus  termmalis,  runs  lateralward  and  forward 
on  either  side  to  the  margin  of  the  tongue.    The  part  of  t^e  dorsum  of  the  tongue 
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in  front  of  this  groove,  forming  about  two-thirds  of  its  surface,  looks  upward,  and 
is  rough  and  covered  with  papillse;  the  posterior  third  looks  backward,  and  is 
smoother,  and  contains  numerous  muciparous  glands  and  tymp^  follicles  {lingual 
tonsil).  The  foramen  cecum  is  the  remains  of  the  upper  part  of  the  thyroKlossal 
duct  or  diverticulum  from  which  the  thyroid  gland  is  developed;  the  pyramidal 
lobe  of  the  thyroid  gland  indicates  the  position  of  the  lower  part  of  the  duct. 


PkaryrigopaUUint  arch 


Wio.  M3. — The  moulli  cavity,    Tbe  cbeoki  have  been  sill  ITUiaveiwly  uid  the  Kmaue  puUsd  focwird. 

The  Papilln  ol  the  Tongae  (Fig.  943)  are  projections  of  the  corium.  They  are 
thickly  distributed  over  the  anterior  two-thirds  of  its  dorsum,  giving  to  this  surface 
its  characteristic  roughness.  The  varieties  of  papillEe  met  with  are  the  papillM 
TftllatM,  papillae  tungiformes,  papillae  flliformes,  and  papillae  aimpliees. 

The  papiUaa  vallatae  {circumvallate  jxipillae)  (Fig.  944)  are  of  large  size,  and  vary 
from  eight  to  twelve  in  number.  They  are  situated  on  the  dorsum  of  the  tongue 
immediately  in  front  of  the  foramen  cecum  and  sulcus  terminalis,  forming  a  row 
on  either  side;  the  two  rows  run  backward  and  medialward,  and  meet  in  the  middle 
line,  like  the  limbs  of  the  letter  V  inverted.  Each  papilla  consists  of  a  projection 
of  mucous  membrane  from  1  to  2  mm.  wide,  attached  to  the  bottom  of  a  circular 
depression  of  the  mucous  membrane;  the  margin  of  the  depression  is  elevated  to 
form  a  wall  (vallum),  and  between  this  and  the  papilla  is  a  circular  sulcus  termed 
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of  the  food.  It  is  situated  in  the  floor  of  the  mouth,  within  the  curve  of  the 
body  of  the  mandible. 

Its  Boot  {radix  linguae;  base)  (Fig.  906)  is  directed  backward,  and  connected 
with  the  hyoid  bone  by  the  Hyoglossi  and  Genioglossi  muscles  and  the  hyoglossal 
membrane;  with  the  epiglottis  by  three  folds  {glosaoepigiottie)  of  mucous  membrane; 
with  the  soft  palate  by  the  glossopalatine  arches;  and  with  the  pharynx  by  the 
Constrictores  pharyngis  superiores  and  the  mucous  membrane. 

Its  Apex  {apex  linguae;  tip),  thin  and  narrow,  is  directed  forward  against  the 
lingual  surfaces  of  the  lower  incisor  teeth. 


FiQ.  942.— The  mouth  ovity.    Theapei  d(  the  uiacue  ia  turned  upwaid^sud  on  the  tight  aide 


Its  b)f«ri<a  Snrfue  {fades  inferior  lingttae;  under  surface)  (Fig.  942)  is  connected 
with  the  mandible  by  the  Genioglossi;  the  mucous  membrane  b  reflected  from  it 
to  the  lingual  surface  of  the  gum  and  on  to  the  floor  of  the  mouth,  where,  in  the 
middle  line,  it  is  elevated  into  a  distinct  vertical  fold,  the  tranulum  linpoM.  On 
either  side  lateral  to  the  frenulum  is  a  slight  fold  of  the  mucous  membrane,  the 
plica  fimbriata,  the  free  edge  of  which  occasionally  exhibits  a  series  of  fringe-like 
processes. 

The  apex  of  the  tongue,  part  of  the  inferior  surface,  the  sides,  and  dorsum  are 
free. 

'The  Dorsum  of  the  Ton^e  {dorsum  linguae)  (Fig.  943)  is  convex  and  marked  by 
a  median  sulcus,  which  divides  it  into  symmetrical  halves;  this  sulcus  ends  behind, 
about  2.5  cm.  from  the  root  of  the  organ,  in  a  depression,  the  toamen  cecum, 
from  which  a  shallow  groove,  the  sulcus  terminalis,  runs  lateralward  and  forward 
on  either  side  to  the  margin  of  the  tongue.    The  part  of  tjie  dorsum  of  the  tongue 
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in  front  of  this  groove,  forming  about  two-thirds  of  its  surface,  looks  upward,  and 
ia  rough  and  covered  with  papillae^  the  posterior  third  looks  backward,  and  is 
smoother,  and  contains  numerous  muciparous  glands  and  lymi^  follicles  (Hiigual 
tmmt).  The  foramen  cecum  is  the  remains  of  the  upper  part  of  the  thTioKlossal 
duet  or  diverticulum  from  which  the  thyroid  gland  is  developed;  the  pyramidal 
lobe  of  the  thyroid  gland  indicates  the  position  of  the  lower  part  of  the  duct. 


Phart/ngopalaiine  arch 


The  Papilln  of  the  Toncue  (Fig.  943}  are  projections  of  the  corium.  They  are 
thickly  distributed  over  the  anterior  two-thirds  of  its  dorsum,  giving  to  this  surface 
its  characteristic  roughness.  The  varieties  of  papillee  met  with  are  the  papilUe 
▼alUtae,  papillae  fungifonnes,  papillae  fllUormes,  and  papillae  Bimplices. 

The  p&pillae  vallatae  (circumtallate  papillae)  (Fig.  944)  are  of  large  size,  and  vary 
from  eight  to  twelve  in  number.  They  are  situated  on  the  dorsum  of  the  tongue 
immediately  in  front  of  the  foramen  cecum  and  sulcus  terminalis,  forming  a  row 
on  either  side;  the  two  rows  run  backward  and  medialward,  and  meet  in  the  middle 
line,  like  the  limbs  of  the  letter  V  inverted.  Each  papilla  consists  of  a  projection 
of  mucous  membrane  from  1  to  2  mm.  wide,  attached  to  the  bottom  of  a  circular 
depression  of  the  mucous  membrane;  the  margin  of  the  depression  is  elevated  to 
form  a  wall  {vallum),  and  between  this  and  the  papilla  is  a  circular  sulcus  termed 
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the  fossa.  The  papilla  is  shaped  like  a  truncated  cone,  the  smaller  end  being 
directed  downward  and  attached  to  the  tongue,  the  broader  part  or  base  projecting 
a  little  above  the  surface  of  the  tongue  and  being  studded  nith  numerous  small 
secondary-  papillte  and  covered  by  stratified  squamous  epithelium. 


Fia.  944.— Vertie»l  •etlioq  at  vklUtM  papilla  (torn  , 

tbs  ait.  (Euebiunn.)  A.  Ths  pspills.  B.  The 
lurTDUBdinc  w>U.  n.  Nervea.  d.  Duct  of  ■  linsual 
(lud.  Fio.  M3.— A  Glifomi  piviUi     MicniGrd 

The  papillae  tungiformes  (fungiform  papilla)  (Fig.  946),  more  numerous  than  the 
preceding,  are  found  chieflj'  at  the  sides  and  apex,  but  are  scattered  irregularly 
and  sparingly  over  the  dorsum.    They  are  easily  recognized,  among  the  other 
papillie,  by  their  large  size,  rounded  eminences,  and  deep  red  color.    They  are 
narrow  at  their  attachment  to  the  tongue,  but 
—  broad  and  rounded  at  their  free  extremities,  and 

SeamJan,      "^overcd  with  secondary  papillse. 
^^^         The  papillae  fllilormes  (filiform  or  conical  papilla:) 
(Fig.  945)   cover  the  anterior  two-thirds   of   the 
dorsum.    They  are  very  minute,  filiform  in  shape, 
and  arranged  in  lines  parallel  with  the  two  rows  of 
,  the  papillae  vallatae,  excepting  at  the  apex  of  the 

organ,  where  their  direction  is  transverse.  Pro- 
jecting from  their  apices  are  numerous  filamentous 
processes,  or  secondary  papillce;  these  are  of  a 
whitish  tint,  owing  to  the  thickness  and  density  of 
the  epithelium  of  which  they  are  composed,  and  which  has  here  undergone  a 
peculiar  modification,  the  cells  having  become  comified  and  elongated  into  dense, 
imbricated,  brush-like  processes.  They  contain  also  a  number  of  elastjc  fibres, 
which  render  them  firmer  and  more  elastic  than  the  papillte  of  mucous  membrane 
generally.  The  larger  and  longer  papillae  of  this  group  are  sometimes  termed 
papillae  conicae. 

The  papillae  simplicea  are  similar  to  those  of  the  skin,  and  cover  the  whole  of 
the  mucous  membrane  of  the  tongue,  as  well  as  the  larger  papillie.  TTiey  consist 
of  closely  set  microscopic  elevations  of  the  corium,  each  containing  a  capillary 
loop,  covered  by  a  layer  of  epithelium. 

Musctes  of  the  Tongne.— The  tongue  is  divided  into  lateral  halves  by  a  median 
fibrous  septum  which  extends  throughout  its  entire  length  and  Is  fixed  below  to  the 
hyoid  bone.  In  either  half  there  are  two  sets  of  muscles,  extrinsic  and  intrinsic; 
the  former  have  their  origins  outside  the  tongue,  the  latter  are  contained  entirely 
within  it. 
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The  extrinsic  moBeles  (Fig.  947)  are; 

Genioglossus.  Chondroglossus. 

Hyoglossus.  Styloglossus. 

Glossopalatinus.' 


Fia.  H7.— Eilniuic  muKlei  of  the  toncus-     LrFt  aide. 

The  Genioglossos  {Geniohyogloasus)  is  a  flat  triangular  muscle  close  to  and  par- 
allel with  the  median  plane,  its  apex  corresponding  with  its  point  of  origin  from  the 
mandible,  its  base  with  its  insertion  into  the  tongue  and  hyoid  bone.  It  arises 
by  a  short  tendon  from  the  superior  mental  spine  on  the  inner  surface  of  the  sym- 
physis menti,  immediately  above  the  Geniohyoideus,  and  from  this  point  spreads 
out  in  a  fan-like  form.  The  inferior  fibres  extend  downward,  to  be  attached  by  a 
thin  aponeurosis  to  the  upper  part  of  the  body  of  the  h\'oid  bone,  a  few  passing 
between  the  Hyoglossus  and  Chondroglossus  to  blend  with  the  Constrictores 
pharyngis;  the  middle  fibres  pass  backward,  and  the  superior  ones  upward  and  for- 
ward, to  enter  the  whole  length  of  the  under  surface  of  the  tongue,  from  the  root 
to  the  apex.  The  muscles  of  opposite  sides  are  separated  at  their  insertions  by  the 
median  fibrous  septum  of  the  tongue;  in  front,  they  are  more  or  less  blended  owing 
to  the  decussation  of  fasciculi  in  the  median  plane. 

The  HTOglossoB,  thin  and  quadrilateral,  arisen  from  the  side  of  the  body  and 
from  the  whole  length  of  the  greater  comu  of  the  hyoid  bone,  and  passes  almost 
vertically  upward  to  enter  the  side  of  the  tongue,  between  the  Styloglossus  and 
Longitudinalis  inferior.  The  fibres  arising  from  the  body  of  the  hyoid  bone  overlap 
those  from  the  greater  cornu. 

K«Utloiu. — The  HyoRloasua  is  in  relation  by  its  superficial  surfoee  with  the  Digastricua,  the 

Stylohyoideufi,   Styloglossus,   and   Mylohyoideus,   the  submaxillary  |[an|^on,   the  lingual  and 

'  The  Ototiapalatinut  iPalnloalonur).  although  one  of  Iho  muaclca  of  the  toneue.  is  more  closely  an«iat«d  with  the 

(p,  1114).  ""  '  o  n   J        1  w  emusceso        h     «  nio  uro 
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hypogloeaal  nerves,  the  roDJue  vein,  the  eublingual  gland,  the  deep  portion  of  the  submaxillary 
glajid,  and  the  Bubmaidllary  duct.  By  its  detji  eurfaee  it  is  in  relation  with  the  stylohyoid  liga- 
ment,  the  GeniogJosHUS,  LongitudinaUa  inferior,  and  Constrictor  pharyngia  nediue,  the  ling;ual 

vessels,  and  the  gloasopharyngeal  nerve. 

The  ChondiQglOBsiu  is  sometimes  described  as  a  part  of  the  Hyoglossua,  but  is 
separated  from  it  by  fibres  of  the  Genioglossus,  which  pass  to  the  side  of  the 
pharj'nx.  It  is  about  2  cm.  long,  and  arises  from  the  medial  side  and  base  of  the 
lesser  cornu  and  contiguous  portion  of  the  body  of  the  hyoid  bone,  and  passes 
directly  upward  to  blend  with  the  intrinsic  muscular  fibres  of  the  tongue,  between 
the  Hyoglossus  and  Genioglossus. 

A  small  slip  of  muscular  fibres  is  occasionally  found,  arising  from  the  cartilago 
triticea  in  the  lateral  hyothyroid  ligament  and  entering  the  tongue  with  the  hinder- 
most  fibres  of  the  Ilyoglossus. 

The  Strloglossns,  the  shortest  and  smallest  of  the  three  styloid  muscles,  arises 
from  the  anterior  and  lateral  surfaces  of  the  styloid  process,  near  its  apex,  and 
from  the  stylomandibular  ligament.  Passing  downward  and  forward  between  the 
internal  and  external  carotid  arteries,  it  divides  upon  the  side  of  the  tongue 
into  two  portions:  one,  longitudinal,  enters  the  side  of  the  tongue  near  its 
dorsal  surface,  blending  with  the  fibres  of  the  Longitudinalis  inferior  in  front  of 
the  Hyoglossus;  the  other,  oblique,  overlaps  the  Hyoglossus  and  decussates  with 
its  fibres. 

The  intrinsie  muscles  (Fig.  94S)  are: 

Longitudinalis  superior.  Transversus. 

Longitudinalis  inferior.  Verticalis. 

The  Longitadliulis  lliifiiaa  saperior  {Superior  lingualis)  is  a  thin  stratum  of  oblique 
and  longitudinal  fibres  immediately  underlying  the  mucous  membrane  on  the 
dorsum  of  the  tongue.  It  arises  from 
the  submucous  fibrous  layer  close  to 
the  epiglottis  and  from  the  median 
fibrous  septum,  and  runs  forward  to 
the  edges  of  the  tongue. 

The   LoDKitadinalis   linguae    inferior 
{Inferior  lingualis)  is  a  narrow  band 
,     situated  on  the  under  surface  of  the 
tongue  between  the  Genioglossus  and 
J  Hyoglossus.     It  extends  from  the  root 

to  the  apex  of  the  tongue:  behind, 
^  some  of  its  fibres  are  connected  with 

the  body  of  the  hyoid  bone;  in  front 
it  blends  with  the  fibres  of  the  Stylo- 
glossus. 

The  Tranarersiifl  UnfUM  ( TroTtaverse 

lingualis)  consists  of  fibres  which  arise 

from  the  median  fibrous  septum  and 

Fra  Ms-coroniu  notioD  oi  ton.p.8.  lOiowioi  intrinw     pass  latcralward' to  bc  Inserted  into 

rw"dir,i'iShor  "A"^"^' "Ttyw'^^  t;     thf  submucous  fibrous  tissue  at   the 

iBnertion    of    TmnsyorauJi. ,   /.  Loneitudmalii.    •upenpr    ).      giJes  of  the  tongUC. 

PspiUie  qI  tonirue.    h.  Vfrticil  fibrw  ol  Geiiio«loB«n  inter-  ,  ....  /it-  _,-      i  i- 

■HtiDc  TrBruversiu.   <.  Septum.  Thc  Terticalis  Uneuae  {Verttcol  llTt- 

gualis)  is  found  only  at  the  borders  of 
the  forepart  of  the  tongue.  Its  fibres  extend  from  the  upper  to  the  under  surface 
of  the  organ. 

Applied  Anatomr. — The  median  fibrous  septum  of  the  tongue  is  very  complete,  so  that  the 
anastomosis  between  the  two  lingual  arteries  is  not  very  tree.    This  is  a  point  of  considerable 
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importance  in  connection  with  removal  of  one-half  of  the  tongue  for  cancer,  an  operation  fre- 
quently resorted  to  when  the  disease  is  strictly  confined  to  one  side  of  the  organ.  If  the  mucous 
membrane  be  divided  exactly  in  the  middle  line,  the  tongue  can  be  split  into  halves,  without  any 
appreciable  hemorrhage,  and  the  diseased  half  can  then  be  removed. 

Nenres. — ^The  muscles  of  the  tongue  described  above  are  supplied  by  the  hypoglossal  nerve. 

Aetions. — ^The  movements  of  the  tongue,  although  numerous  and  complicated,  may  be  under- 
stood by  carefully  considering  the  direction  of  the  fibres  of  its  muscles.  The  Genioglossi,  by  means 
of  their  posterior  fibres,  draw  the  root  of  the  tongue  forward,  and  protrude  the  apex  from  the 
mouth.  The  anterior  fibres  draw  the  tongue  back  into  theWoiith.  The  two  muscles  acting  in 
their  entirety  draw  the  tongue  downward,  so  as  to  make  its  superior  surface  concave  from  side 
to  side,  forming  a  channel  along  which  fluids  may  pass  toward  the  pharynx,  as  in  sucking.  The 
Hyoglossi  depress  the  tongue,  and  draw  down  its  sides.  The  Styloglossi  draw  the  tongue  upward 
and  backward.  The  Glossopalatini  draw  the  root  of  the  tongue  upward.  The  intrinsic  muscles 
are  mainly  concerned  in  altering  the  shape  of  the  tongue,  whereby  it  becomes  shortened,  nar- 
rowed, or  curved  in  different  directions;  thus,  the  Longitudinalis  superior  and  inferior  tend  to 
shorten  the  tongue,  but  the  former,  in  addition,  turn  the  tip  and  sides  upward  so  as  to  render 
the  dorsum  concave,  while  the  latter  pull  the  tip  downward  and  render  the  dorsum  convex. 
The  Transversus  narrows  and  elongates  the  tongue,  and  the  Verticalis  flattens  and  broadens  it. 
The  complex  arrangement  of  the  muscular  fibres  of  the  tongue,  and  the  various  directions  in 
which  they  run,  give  to  this  organ  th^  power  of  assuming  the  forms  necessary  for  the  enuncia- 
tion of  the  different  consonantal  sounds;  and  Macalister  states  "there  is  reason  to  believe  that 
the  musculature  of  the  tongue  varies  in  different  races  owing  to  the  hereditary  practice  and 
habitual  use  of  certain  motions  required  for  enunciating  the  several  vernacular  languages.". 

Stmetnre  of  the  Tongue. — ^The  tongue  is  partly  invested  by  mucous  membrane  and  a  sub- 
mucous fibrous  layer. 

The  mncooB  membrane  (tunica  mucosa  linguae)  differs  in  different  parts.  That  covering  the 
under  surface  of  the  organ  is  thin,  smooth,  and  identical  in  structure  with  that  lining  the  rest 
of  the  oral  cavity.  The  mucous  membrane  of  the  dorsum  of  the  tongue  behind  the  foramen 
ceciun  and  sulcus  terminalis  is  thick  and  freely  movable  over  the  subjacent  parts.  It  contains 
a  large  number  of  lymphoid  follicles,  which  together  constitute  what  is  sometimes  termed  the 
lisfiial  tonsil.  Each  follicle  forms  a  rounded  eminence,  the  centre  of  which  is  perforated  by  a 
minute  orifice  leading  into  a  funnel-shaped  cavity  or  recess;  around  this  recess  are  grouped 
numerous  oval  or  rounded  nodules  of  lymphoid  tissue,  each  enveloped  by  a  capsule  derived  from 
the  submucosa,  while  opening  into  the  bottom  of  the  recesses  are  also  seen  the  ducts  of  mucous 
glands.  The  mucous  membrane  on  the  anterior  part  of  the  dorsum  of  the  tongue  is  thin,  inti- 
mately adherent  to  the  muscular  tissue,  and  presents  numerous  minute  surface  eminences,  the 
p9ifSX\»  of  the  tongue.  It  consists  of  a  layer  of  connective  tissue,  the  coriom  or  mucosa,  covered 
with  epithelium. 

The  epitheliiuu  is  of  the  stratified  squamous  variety,  similar  to  but  much  thinner  than  that 
of  the  skin:  and  each  papilla  has  a  separate  investment  from  root  to  simimit.  The  deepest  cells 
may  sometimes  be  detached  as  a  separate  layer,  corresponding  to  the  rete  mucosum,  but  they 
never  contain  coloring  matter. 

The  corium  consists  of  a  dense  felt-work  of  fibrous  connective  tissue,  with  numerous  elastic 
fibres,  firmly  connected  with  the  fibrous  tissue  forming  the  septa  between  the  muscular  bundles 
of  the  tongue.  It  contains  the  ramifications  of  the  numerous  vessels  and  nerves  from  which 
the  papillsD  are  supplied,  large  plexuses  of  lymphatic  vessels,  and  the  glands  of  the  tongue. 

Structure  of  the  PapiUcB. — ^The  papillffi  apparently  resemble  in  structure  those  of  the  cutis, 
consisting  of  cone-shaped  projections  of  connective  tissue,  covered  with  a  thick  layer  of  stratified 
squamous  epithelium,  and  containing  one  or  more  capillary  loops  among  which  nerves  are  dis- 
tributed in  great  abundance.  If  the  epithelium  be  removed,  it  will  be  found  that  they  are  not 
simple  elevations  like  the  papillse  of  the  skin,  for  the  surface  of  each  is  studded  with  minute 
conical  processes  which  form  secondary  papillse.  In  the  papillae  vallatae,  the  nerves  are  numer- 
ous and  of  large  size;  in  the  p^illae  fungiformes  they  are  also  numerous,  and  end  in  a  plexiform 
net-work,  from  which  brush-like  branches  proceed;  in  the  papillae  filiformes,  their  mode  of 
termination  is  uncertain^ 

Glands  of  the  Tongue. — ^The  tongue  is  provided  with  mucous  and  serous  glands. 

The  mucous  glands  are  similar  in  structure  to  the  labial  and  buccal  glands.  They  are  found 
especially  at  the  back  part  behind  the  vallate  papillse,  but  are  also  present  at  the  apex  and  mar- 
ginal parts.  In  this  connection  the  anterior  lingual  glands  (Blandin  or  Nuhn)  require  special 
notice.  They  are  situated  on  the  under  surface  of  the  apex  of  the  tongue  (Fig.  d42),  one  on  either 
side  of  the  frenulum,  where  they  are  covered  by  a  fasciculus  of  muscular  fibres  derived  from  the 
Styloglossus  and  Longitudinalis  inferior.  They  are  from  12  to  25  mm.  long,  sind  about  8  mm. 
broad,  and  each  opens  by  three  or  four  ducts  on  the  under  siurface  of  the  apex. 

The  serous  glands  occur  only  at  the  back  of  the  tongue  in  the  neighborhood  of  the  taste-buds, 
their  ducts  opening  for  the  most  part  into  the.fossse  of  the  vallate  papillse.  These  glands  are 
racemose,  the  duct  of  each  branching  into  several  minute  ducts,  which  end  in  alveoh,  lined  ^by 
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a  single  layer  of  more  or  lees  columnar  epithelium.  Their  secretion  is  of  a  watery  nature,  and 
probably  assieta  in  the  distribution  of  the  substance  to  be  tasted  over  the  taete  area.    (Ebner.) 

The  Boptam  consists  of  a  vertical  layer  of  fibrous  tissue,  extending  throughout  the  entire 
length  of  the  median  plane  of  the  tongue,  though  not  quite  reaching  the  dorsum.  It  is  thicker 
behind  than  in  front,  and  occasianally  contains  a  small  fibrocartilage,  about  6  mm.  in  length. 
It  is  well  displayed  by  making  a  vertical  section  across  the  organ. 

The  byoflOBS4l  membrtne  is  a  strong  fibrous  lamina,  which  connects  the  under  surface  of 
the  root  of  the  tongue  to  the  body  of  the  hyoid  bone.  This  membrane  receives,  in  front,  some 
of  the  fibres  of  the  Genioglossi. 

Tute-bndB,  the  end-organs  of  the  gustatory  sense,  are  scattered  over  the  mucous  membrane 
of  the  mouth  and  tongue  at  irr^ular  intervals.  They  occur  eapeciaJly  in  the  sides  of  the  vallate 
papillffi.  In  the  rabbit  there  is  a  localized  area  at  the  side  of  the  base  of  the  tongue,  the  p^iUft 
foUftU,  in  which  they  are  especially  abundant  (Fig.  649).  They  are  described  under  the  organi 
of  the  senses  (page  1007). 


Flo.  MB.— Vertical  vctian  of  p»pillii  foUnta  of  the  rabbit,  pusina  Hcn 

e.  Guitstory  calyFulus.    n.  Nerve  bundlei.    p.  Cenlrsl  lamina  of  corium.    p'.  Lateral 
ginui-liliB  voin,  which  traveraes  the  whole  length  of  the  folium. 

Tefliela  and  Nerras. — The  main  artsrj  of  the  tongue  is  the  lingual  branch  of  the  external 

carotid,  but  the  external  maxillary  and  ascending  pharyngeal  also  give  branches  to  it.  The 
VflioB  open  into  the  internal  jugular. 

The  lymphatics  of  the  toafoe  have  been  described  on  page  778. 

The  senaory  nerves  of  the  tongne  are:  (I)  the  Ungual  branch  of  the  mandibular,  which  is 
distributed  to  the  papillae  at  the  forepart  and  sides  of  the  tongue,  and  forms  the  nerve  of  ordinary 
sensibility  for  its  anterior  two-thirds;  (2)  the  chorda  tympani  branch  of  the  facial,  which  runs 
in  the  sheath  of  the  lingual,  and  is  generally  regarded  aa  the  nerve  of  taste  for  the  anterior  two- 
thirds;  this  nerve  is  a  continuation  of  the  sensory  root  of  the  facial  (nennie  inlermedivs);  (3)  the 
lingual  branch  of  the  glossopharyngeal,  which  is  distributed  to  the  mucous  membrane  at  the 
base  and  sides  of  the  tongue,  and  to  the  papillae  vallatae,  and  which  supphcs  both  gustatory 
filaments  and  fibres  of  general  sensation  to  this  region;  (4)  the  superior  laryngeal,  which  sends 
some  fine  branches  to  the  root  near  the  epiglottis. 

Applied  Autotny.— The  diseases  to  which  the  tongue  is  liable  are  numerous,  and  any  or  all  of 
the  structures  of  which  it  is  composed— muscles,  connective  tissue,  mucous  membrane,  glands, 
vessels,  nerves,  and  lymphatics — may  be  the  seat  of  morbid  changes.  It  is  not  often  the  seat 
of  congenital  defects,  though  a  few  cases  of  vertical  cleft  have  been  recorded,  and  it  is  occasionally, 
though  much  more  rarely  than  is  commonly  supposed,  the  seat  of  "tongue-tie,"  from  shortness 
of  the  frenulum. 

There  is  one  condition  which  may  be  regarded  as  congenital,  the  so-called  macroglossia,  though 
sometimes  it  does  not  evidence  itself  until  a  year  or  two  after  birth.  This  is  an  enlargement 
of  the  tongue  which  is  due  primarily  to  a  dilatation  of  the  lymph  channels  and  a  greatly  increased 
development  of  the  lymphatic  tissue  throughout  the  on!an.  This  is  often  ^gravated  by  inflam- 
matory changes  induced  by  injury  or  exposure,  and  the  tongue  may  assume  enormous  dimensions 
and  hang  out  of  the  mouth,  giving  the  child  an  imbeeile  expression.  The  treatment  consists  in 
excising  a  V-shaped  portion  and  bringing  the  cut  surfaces  together  with  deeply  placed  sutures. 

Acute  inflammation  of  the  tongue,  which  may  be  caused  by  injury  and  the  introduction  of 
some  septic  or  irritating  matter,  is  attended  by  great  swelling  from  infiltra 
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tissue,  which  is  in  considerable  quantity.  This  renders  the  patient  incapable  of  swallowing  or 
speaking,  and  may  seriously  impede  respiration.  It  may  nm  on  to  suppuration,  and  the  forma- 
tion of  an  acute  abscess. 

In  all  ages  the  mucous  membrane  of  the  tongue  has  received  much  sedulous  consideration  in 
disease,  and  it  is  certain  that  the  amount  and  the  distribution  of  the  ''fur^'  with  which  it  may 
be  covered  often  give  valuable  help  in  diagnosis.  The  fur  consists  of  prohferating  or  desquamated 
epithelium,  bound  up  with  inspissated  mucus,  the  debris  of  food,  and  bacteria  of  all  sorts.  The 
mucous  membrane  of  the  tongue  may  become  chronically  inflamed,  and  presents  different  appear- 
ances in  the  various  stages  of  the  disease,  to  which  the  terms  leucoplakia  and  psoriasis  linguse 
have  been  given.    They  are  usually  the  result  of  sjrphilis. 

The  tongue  is  frequently  the  seat  of  ulceration,  which  may  arise  from  many  causes,  as  from 
the  irritation  of  jagged  teeth,  dyspepsia,  tuberculosis,  S3rphilis,  and  cancer.  Of  these  the  can- 
cerous ulcer  is  the  most  important  and  also  the  most  common.  The  variety  is  the  squamous 
epithelioma,  which  soon  develops  into  an  ulcer  with  an  indurated  edge.  It  causes  great  pain, 
which  speedily  extends  to  all  parts  supplied  with  sensation  by  the  trigeminal  nerve,  especially 
to  the  region  of  the  ear  (auriculotemporal  nerve). 

Cancer  of  the  tongue  may  necessitate  removal  of  a  part  or  the  wholfe  of  the  organ,  and  many 
different  methods  have  been  adopted  for  its  excision.  It  may  be  removed  from  the  mouth  by 
the  scissors;  this  is  usually  known  as  Whitehead's  method.  The  mouth  is  widely  opened  with 
a  gag,  the  tongue  transfixed  with  a  stout  silk  ligature,  by  which  to  hold  and  make  traction  on  it; 
the  reflection  of  mucous  membrane  from  the  tongue  to  the  jaw,  and  the  insertion  of  the  Genio- 
glossus,  are  first  divided  with  a  pair  of  curved,  blunt-pointed  scissors.  The  Glossopalatinus  is 
also  divided.  The  tongue  can  now  be  pulled  well  out  of  the  mouth.  The  base  of  the  tongue  is  cut 
through  by  a  series  of  short  snips,  each  bleeding  vessel  being  dealt  with  as  soon  as  divided,  imtil 
the  situation  of  the  main  artery  is  reached.  The  remaining  undivided  portion  of  tissue  is  to  be 
seized  with  a  pair  of  Wells'  forceps,  the  tongue  removed,  and  the  vessel  secured.  In  the  event 
of  the  artery  being  accidentally  injured,  hemorrhage  can  be  at  once  controlled  by  passing  the 
forefinger  over  the  tongue  till  it  touches  the  epiglottis,  and  then  turning  it  toward  the  side  on 
which  the  artery  is  to  be  compressed,  and  pushing  it  forcibly  against  the  jaw  (Heath).  In  cases 
where  the  disease  is  confined  to  one  side  of  the  tongue,  this  operation  may  be  modified  by  sphtting 
the  tongue  down  the  centre  and  removing  only  the  affected  half. 

In  cases  where  the  submaxillary  lymph  glands  are  involved,  Kocher's  operation  should  be 
resorted  to.  Having  performed  a  preliminary  tracheotomy,  Kocher  removes  the  tongue  from 
the  neck  by  an  incision  from  near  the  lobule  of  the  auricula,  down  the  anterior  border  of  the 
Stemocleidomastoideus  to  the  level  of  the  greater  comu  of  the  hyoid  bone,  then  forward  to  the 
body  of  the  hyoid  bone,  and  upward  to  near  the  symphysis  menti.  The  lingual  artery  is  now 
secured,  and  by  a  careful  dissection  the  submaxillary  lymph  glands  &nd  the  tongue  are  removed. 
If  the  lymph  glands  in  the  submaxillary  region  are  in  any  way  affected,  an  extensive  dissection 
of  these  will  be  required  if  there  is  any  chance  of  eradicating  the  disease,  and  for  this  purpose 
it  will  be  foimd  necessary  to  remove  the  submaxillary  sahvary  gland. 

The  more  recent  operations  aim  at,  first,  clearing  the  neck  thoroughly  of  affected  glands, 
both  in  the  submaxillary  region  and  along  the  carotid  sheath,  and  secondly,  removal  of  the 
toijigue  from  within  the  mouth,  leaving  if  possible  the  mucous  membrane  of  the  floor  of  the 
mouth  intact,  so  as  to  avoid  soiling  the  large  wound  in  the  neck  by  discharges  from  the  mouth. 

The  Salivary  Glands  (Fig.  952). — ^Three  large  pairs  of  salivary  glands  communi- 
cate with  the  mouth,  and  pour  their  secretion  into  its  cavity;  they  are  the  parotid, 
submaxillary,  and  sublingual. 

Parotid  Gland  {glandulae  parotis), — ^The  parotid  gland  (Figs.  950, 951),  the  largest 
of  the  three,  varies  in  weight  from  14  to  28  gm.  It  lies  upon  the  side  of  the  face, 
immediately  below  and  in  front  of  the  external  ear.  The  main  portion  of  the  gland 
is  superficial,  somewhat  flattened  and  quadrilateral  in  form,  and  is  placed  between 
the  ramus  of  the  mandible  in  front  and  the  mastoid  process  and  Stemocleido- 
mastoideus behind,  overlapping,  however,  both  boundaries.  Above,  it  is  broad 
and  reaches  nearly  to  the  zygomatic  arch;  below,  it  tapers  somewhat  to  about 
the  level  of  a  line  joining  the  tip  of  the  mastoid  process  to  the  angle  of  the  mandible. 
The  remainder  of  the  gland  is  irregularly  wedge-shaped,  and  extends  deeply 
inward  toward  the  pharyngeal  wall. 

The  gland  is  enclosed  within  a  capsule  continuous  with  the  deep  cervical  fascia; 
the  layer  covering  the  superficial  surface  is  dense  and  closely  adherent  to  the 
gland;  a  portion  of  the  fascia,  attached  to  the  styloid  process  and  the  angle  of  the 
mandible,  is  thickened  to  form  the  stylomandibular  ligament  which  intervenes 
between  the  parotid  and  submaxillary  glands. 
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The  Ulterior  surface  of  the  gland  is  moulded  on  the  posterior  border  of  the 
ramus  of  the  mandible,  clothed  by  the  Pterygoideus  internus  and  Masseter.  The 
inner  lip  of  the  groove  dips,  for  a  short  distance,  between  the  two  Pterygoid  muscles. 
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Fia.  950. — Richt  puolid  iland.     Poilerior  and  deep  upf^u. 

while  the  outer  lip  extends  for  some  distance  over  the  superficial  surface  of  the 
iVIasseter;  a  small  portion  of  this  lip  immediately  below  the  zygomatic  arch  is 
usually  detached,  and  is  named  the  accessory  part  (socia  poroiidw)  of  the  gland. 
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Fia.  Ofil.— Right  puDtid  gluoil.     Deep  Hod  Ulterior  upecU. 

The  posterior  surface  is  grooved  longitudinally  and  abuts  against  the  external 
acoustic  meatus,  the  mastoid  process,  and  the  anterior  border  of  the  Sterno- 
cle  idomastoideus. 
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The  superficial  surface,  slightly  lobulated,  is  covered  by  the  integument,  the 
superficial  fascia  containing  the  facial  branches  of  the  great  auricular  nerve  and 
some  small  lymph  glands^  and  the  fascia  which  forms  the  capsule  of  the  gland. 

The  deep  surface  extends  inward  by  means  of  two  processes^  one  of  which  lies 
on  the  Digastricus,  styloid  process,  and  the  styloid  group  of  muscles,  and  projects 
under  the  mastoid  process  and  Sternocleidomastoideus;  the  other  is  situated  in 
front  of  the  styloid  process,  and  sometimes  passes  into  the  posterior  part  of  the 
mandibular  fossa  behind  the  temporomandibular  joint.  The  deep  surface  is  in 
contact  with  the  internal  and  external  carotid  arteries,  the  internal  jugular  vein, 
and  the  vagus  and  glossopharyngeal  nerves. 

The  gland  is  separated  from  the  pharyngeal  wall  by  some  loose  connective 
tissue. 

Structures  within  the  Gland. — ^The  external  carotid  artery  lies  at  first  on  the  deep 
surface,  and  then  in  the  substance  of  the  gland.  The  artery  gives  off  its  'posterior 
auricular  branch  which  emerges  from  the  gland  behind;  it  then  divides  into  its 
terminal  branches,  the  internal  maodllary  and  superficial  temporal;  the  former  runs 
forward  deep  to  the  neck  of  the  mandible;  the  latter  runs  upward  across  the  zygo- 
matic arch  and  gives  off  its  transverse  facial  branch  which  emerges  from  the  front 
of  the  gland.  Superficial  to  the  arteries  are  the  superficial  temporal  and  internal 
maxillary  veins,  uniting  to  form  the  posterior  facial  vein;  in  the  lower  part  of  the 
gland  this  vein  splits  into  anterior  and  posterior  divisions.  The  anterior  division 
emerges  from  the  gland  and  unites  with  the  anterior  facial  to  form  the  common 
facial  vein;  the  posterior  unites  in  the  gland  with  the  posterior  auricular  to  form 
the  exUrrud  jugular  vein.  On  a  still  more  superficial  plane  is  the  facial  nerve,  the 
branches  of  which  emerge  from  the  borders  of  the  gland.  Branches  of  the  grecU 
auricular  nerve  pierce  the  gland  to  join  the  facial,  while  the  auriculotemporal  nerve 
issues  from  the  upper  part  of  the  gland. 

The  parotid  duct  {ductus  parotideus;  Stensen's  duct)  is  about  7  cm.  long.  It 
begins  by  numerous  branches  from  the  anterior  part  of  the  gland,  crosses  the  Masse- 
ter,  and  at  the  anterior  border  of  this  muscle  turns  inward  nearly  at  a  right  angle, 
passes  through  the  corpus  adiposum  of  the  cheek  and  pierces  the  Buccinator;  it 
then  runs  for  a  short  distance  obliquely  forward  between  the  Buccinator  and  mucous 
membrane  of  the  mouth,  and  opens  upon  the  oral  surface  of  the  cheek  by  a  small 
orifice,  opposite  the  second  upper  molar  tooth.  While  crossing  the  Masseter, 
it  receives  the  duct  of  the  accessory  portion;  in  this  position  it  lies  between  the 
branches  of  the  facial  nerve;  the  accessory  part  of  the  gland  and  the  transverse 
facial  artery  are  above  it. 

Structure. — ^The  parotid  duct  is  dense,  its  wall  being  of  considerable  thickness;  its  canal  is 
about  the  size  of  a  crow-quill,  but  at  its  orifice  on  the  oral  surface  of  the  cheek  its  lumen  is 
greatly  reduced  in  size.  It  consists  of  a  thick  external  fibrous  coat  which  contains  contractile 
fibres,  and  of  an  internal  or  mucous  coat  lined  with  short  coliunnar  epithelium. 

Vessels  and  Nerres. — The  arteries  supplying  the  parotid  gland  are  derived  from  the  external 
carotid,  and  from  the  branches  given  off  by  that  vessel  in  or  near  its  substance.  The  veins 
empty  themselves  into  the  external  jugular,  through  some  of  its  tributaries.  The  lymphatic 
end  in  the  superficial  and  deep  cervical  lymph  glands,  passing  in  their  course  throu^  two  of 
three  glands,  placed  on  the  surface  and  in  the  substance  of  the  parotid.  The  nerves  are  derived 
from  the  plexus  of  the  sympathetic  on  the  external  carotid  artery,  the  facial,  the  auriculotem- 
poral, and  the  great  auricular  nerves.  It  is  probable  that  the  branch  from  the  auriculotemporal 
nerve  is  derived  from  the  glossopharyngeal  through  the  otic  ganglion.  At  all  events,  in  some  of 
the  lower  animals  this  has  been  proved  experimentally  to  be  the  case. 

Submaxillary  Gland  (glandula  submaxillaris), — The  submaxillary  gland  (Fig. 
952)  is  irregular  in  form  and  about  the  size  of  a  walnut.  A  considerable  part  of 
it  is  situated  in  the  submaxillary  triangle,  reaching  fon^^ard  to  the  anterior  belly 
of  the  Digastricus  and  backward  to  the  stylomandibular  ligament,  which  inter- 
venes between  it  and  the  parotid  gland.    Above,  it  extends  under  cover  of  the 
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body  of  the  mandible;  below,  it  usually  overlaps  the  iatermediate  tendon  of 
the  Digastricus  and  the  insertion  of  the  Stylohyoideus,  while  from  its  deep  surface 
a  tongue-like  deep  process  extends  forward  above  the  Mylohyoideus  muscle. 

Its  auperflcial  amlace  consists  of  an  upper  and  a  lower  part.  The  upper  part 
is  directed  outward,  and  lies  partly  against  the  submaxillary  depression  on  the 
inner  surface  of  the  body  of  the  mandible,  and  partly  on  the  I*terygoideu3  internus. 
The  lover  part  is  directed  downward  and  outward,  and  is  covered  by  the  skin, 
superficial  fascia,  Platysma,  and  deep  cervical  fascia;  it  is  crossed  by  the  anterior 
facial  vein  and  by  filaments  of  the  facial  nerve;  in  contact  with  it,  near  the  mandible, 
are  the  submaxillary  lymph  glands. 
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The  deep  surface  is  in  relation  with  the  Mylohyoideus,  H^oglossus,  Styloglossus, 
Stylohyoideus,  and  posterior  belly  of  the  Digastricus;  in  contact  with  it  are  the 
mylohyoid  nerve  and  the  mylohyoid  and  submental  vessels. 

The  external  maxillary  artery  is  imbedded  in  a  groove  in  the  posterior  border 
of  the  gland. 

The  deep  process  of  the  gland  extends  forward  between  the  Mylohyoideus 
below  and  externally,  and  the  Hyoglossus  and  Styloglossus  intemallj';  above 
it,  is  the  lingual  nerve  and  submaxillary  ganglion;  below  it,  the  hypoglossal  nerve 
and  its  accompanying  vein. 

The  Biibmaxill&ry  dnct  (ductus  submaxillaris;  Wharton's  dvct)  is  about  5  cm.  long, 
and  its  wall  is  much  thinner  than  that  of  the  parotid  duct.  It  begins  by  numerous 
branches  from  the  deep  surface  of  the  gland,  and  runs  forward  between  the  Mylo- 
hjoideus  and  the  H\oglossU3  and  Genioglossus,  then  between  the  sublingual 
gland  and  the  Genioglossus,  and  opens  by  a  narrow  orifice  on  the  summit  of  a  small 
papilla,  at  the  side  of  the  frenulum  linguae.    On  the  Hyoglossus  it  lies  between  the 
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lingual  and  hypoglossal  nerves,  but  at  the  anterior  border  of  the  muscle  it  is  crossed 
laterally  by  the  lingual  nerve;  the  terminal  branches  of  the  lingual  nerve  ascend 
on  its  medial  side. 

Vessels  and  Neryes. — ^The  arteries  supplying  the  submaxillary  gland  are  branches  of  the 
external  maxillary  and  lingual.  Its  veins  follow  the  course  of  the  arteries.  The  neryes  are 
derived  from  the  submaxillary  ganglion,  through  which  it  receives  filaments  from  the  chorda 
tympani  of  the  facial  nerve  and  the  lingual  branch  of  the  mandibular,  sometimes  from  the 
mylohyoid  branch  of  the  inferior  alveolar,  and  from  the  sympathetic. 

Sublingual  Gland  (glandula  sublingualis). — ^The  sublingual  gland  (Fig.  952)  is  the 
smallest  of  the  three  glands.  It  is  situated  beneath  the  mucous  membrane  of 
the  floor  of  the  mouth,  at  the  side  of  the  frenulum  linguae,  in  contact  with  the 
sublingual  depression  on  the  inner  surface  of  the  mandible,  close  to  the  symphysis. 
It  is  narrow,  flattened,  shaped  somewhat  like  an  almond,  and  weighs  nearly  2  gm. 
It  is  in  relation,  above,  with  the  mucous  membrane;  below,  with  the  Mylohyoideus; 
in  front,  with  its  fellow  of  the  opposite  side;  behind,  with  the  deep  part  of  the  sub- 
maxillary gland;  laterally ,  with  the  mandible;  and  medially,  with  the  Genioglossus, 
from  which  it  is  separated  by  the  lingual  nerve  and  the  submaxillary  duct.  Its 
excretory  ducts  are  from  eight  to  twenty  in  number.  Of  the  smaller  sublingual 
ducts  (ducts  of  Rivinus),  some  join  the  submaxillary  duct;  others  open  separately 
into  the  mouth,  on  the  elevaterd  crest  of  mucous  membrane  {jplica  sublingualis), 
caused  by  the  projection  of  the  gland,  on  either  side  of  the  frenulum  linguae.  One 
or  more  join  to  form  the  larger  sublingual  duct  {duct  of  Bartholin),  which  opens  into 
the  submaxillary  duct. 

Vessels  and  Nerves. — The  sublingual  gland  is  supplied  with  blood  from  the  sublingual  and 
submental  arteries.  Its  nerves  are  derived  from  the  lingual,  the  chorda  tympani,  and  the 
sympathetic. 

Stroctore  of  the  Salivary  Qlands. — The  salivary  glands  are  compound  racemose  glands, 
consisting  of  numerous  lobes,  which  are  made  up  of  smaller  lobules,  connected  together  by 
dense  areolar  tissue,  vessels,  and  ducts.  Each  lobule  consists  of  the  ramifications  of  a  single 
duct,  the  branches  ending  in  dilated  ends  or  alveoli  on  which  the  capillaries  are  distributed. 
The  alveoli  are  enclosed  by  a  bajsement-membrane,  which  is  continuous  with  the  membrana 
propria  of  the  duct  and  consists  of  a  net-work  of  branched  and  fiattened  nucleated  cells. 

The  alveoli  of  the  saUvary  glands  are  of  two  kinds,  which  differ  in  the  appearance  of  their 
secreting  cells,  in  their  size,  and  in  the  nature  of  their  secretion.  (1)  The  mucous  variety  secretes 
a  viscid  fluid,  which  contains  mucin;  (2)  the  serous  variety  secretes  a  thinner  and  more  watery 
fluid.  The  sublingual  gland  consists  of  mucous,  the  parotid  of  serous  alveoli.  The  submaxillary 
contains  both  mucous  and  serous  alveoli,  the  latter,  however,  preponderating. 

The  cells  in  the  mncous  alveoli  are  columnar  in  shape.  In  the  fresh  condition  they  contain 
large  granules  of  mucinogen.  In  hardened  preparations  a  dehcate  protoplasmic  net-work  is  seen, 
and  the  cells  are  clear  and  transparent.  The  nucleus  is  usually  situated  near  the  basement- 
membrane,  and  is  flattened. 

In  some  alveoli  are  seen  peculiar  crescentic  bodies,  lying  between  the  cells  and  the  mem- 
brana propria.  They  are  termed  the  crescents  of  Oianoisi,  or  the  demilunes  of  Heidenhain 
(Fig.  953),  and  are  composed  of  polyhedral  granular  cells,  which  Heidenhain  regards  as  young 
epithelial  cells  destined  to  supply  the  place  of  those  salivary  cells  which  have  undergone 
disintegration.  This  view,  however,  is  not  accepted  by  Klein.  Fine  canaliculi  pass  between 
the  mucus-secreting  cells  to  reach  the  demilunes  and  even  penetrate  the  cells  forming  these 
structures. 

In  the  serous  alveoli  the  cells  almost  completely  fill  the  cavity,  so  that  there  is  hardly  any 
lumen  perceptible;  they  contain  secretory  granules  imbedded  in  a  closely  reticulated  protoplasm 
(Fig.  954).  The  cells  are  more  cubical  than  those  of  the  mucous  type;  the  nucleus  of  each  is 
spheripal  and  placed  near  the  centre  of  the  cell,  and  the  granules  are  smaller. 

Both  mucous  and  serous  cells  vary  in  appearance  according  to  whether  the  gland  is  in  a  resting 
condition  or  has  been  recently  active.  In  the  former  case  the  cells  are  large  and  contain  many 
secretory  granules;  in  the  latter  case  they  are  shrunken  and  contain  few  granules,  chiefly  collected 
at  the  inner  ends  of  the  cells.    The  granules  are  best  seen  in  fresh  preparations. 

The  ducts  are  lined  at  their  origins  by  epithelium  which  differs  little  from  the  pavement  form. 
As  the  ducts  enlarge,  the  epithelial  cells  change  to  the  columnar  type,  and  the  part  of  the  cell 
next  the  basement-membrane  is  finely  striated. 
72 


1 138  SPLANCHNOLOGY 

The  lobulea  of  the  ealivary  glands  are  richly  supplied  with  bloodvessels  which  form  a  d^tse 
nel-woric  in  the  interalveolor  apacea.  Fine  plexuses  of  nerves  are  also  found  in  the  intorlobular 
tieaue.  The  nerve  fibrils  pierce  the  basement-membrane  of  the  alveoli,  and  end  in  branched 
varicose  filaments  between  the  secreting  cells.  In  the  hilus  of  the  eubmanllary  gland  there  is 
a  collection  of  nerve  cells  termed  LanflvT'B  fuiftton. 


Pio.  S53.^8«tioa  of  (ubmuiUuv  aluid  of  kituu.    Duct  Fia.954.— UuDunsubnuiilluy  (land,   (R.Hcldea- 

Hmiducnmraatia.     X  300.  hain.)    To  the  ricbt  o[  Uia  Bcun  ■■  a  etoud  of  mucoua 

alvBoli.  toOmMtt  group  of  aanwa  alvmli. 

AeMUOry  OUnds. — Besides  the  salivary  glands  proper,  numerous  other  glands  are  found 
in  the  mouth.  Many  of  theae  glands  are  found  at  the  posterior  part  of  the  dorsum  of  the  tongue 
behind  the  vallate  papillie,  and  also  along  its  margins  as  far  forward  as  the  apex.  Others  lie 
around  and  in  the  palatine  tonsil  between  its  crypts,  and  large  numbers  are  present  in  the  soft 
palate,  the  lips,  and  cheeks.  These  glands  are  of  the  same  structure  as  the  larger  salivary  Klands, 
and  are  of  the  muoous  or  mixed  type. 

i^pltod  Anttomy. — The  parotid  glands,  and  much  less  often  the  other  salivary  glands,  are 
liable  to  an  acute  infectious  inflammation,  known  in  the  case  of  the  parotid  as  mumps.  The 
affected  glands  swell  up,  becoming  tense,  tender,  and  painful;  much  pain  is  felt  when  swallowing 
or  mastication  is  attempted,  and  saUvation  may  or  may  not  occur.  The  inflammation  goea 
down  after  a  tew  days;  suppuration  in  the  affected  glands  is  very  rare. 


THE  PHABTHX. 

The  pharynx  is  that  p&rt  of  the  digestive  tube  which  is  placed  behind  the  nas&l 
cavities,  mouth,  and  larynx.  It  is  a  musouiomembranous  tube,  somewhat  conical 
in  form,  with  the  base  upward,  and  the  apex  downward,  extending  from  the  under 
surface  of  the  skull  to  the  level  of  the  cricoid  cartilage  in  front,  and  that  of  the 
sixth  cervical  vertebra  behind. 

The  cavity  of  the  pharynx  is  about  12.5  cm.  long,  and  broader  in  the  transverse 
than  in  the  antero-posterior  diameter.  Its  greatest  breadth  is  immediately  below 
the  base  of  the  skull,  where  it  projects  on  either  side,  behind  the  pharyngeal  ostium 
of  the  auditory  tube,  as  the  pharyngeal  recess  (fossa  of  Rosenmuller) ;  its  narrowest 
point  is  at  its  termination  in  the  oesophagus.  It  is  limited,  above,  by  the  body 
of  the  sphenoid  and  basilar  part  of  the  occipital  bone;  below,  it  is  continuous  with 
the  oesophagus;  posteriorly,  it  is  connected  by  loose  areolar  tissue  with  the  cervical 
portion  of  the  vertebral  column,  and  the  prevertebral  fascia  covering  the  Longus 
colli  and  Longus  capitis  muscles;  anUriorly,  it  is  incomplete,  and  is  attached  in 
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succession  to  the  medial  pterygoid  plate,  pterygomandibular  raph6,  mandible, 
tongue,  hyoid  bone,  and  thjToid  and  cricoid  cartilages;  laterally,  it  is  connected  to 
the  styloid  processes  and  their  muscles,  and  is  in  contact  with  the  common  and 
internal  carotid  arteries,  the  internal  jugular  veins,  the  glossopharyngeal,  vagus, 
and  hypoglossal  nerves,  and  the  sympathetics  trunks,  and  above  with  small  parts 
of  the  Pterygoidei  interni.  Seven  cavities  communicate  with  it,  viz.,  the  two 
nasal  cavities,  the  two  tympanic  cavities,  the  mouth,  the  larynx,  and  the  cesophagus. 
The  cavity  of  the  pharynx  may  be  subdivided  from  above  downward  into  three 
parts:  nasal,  oral,  and  laryngeal  (Fig.  927). 

Siual  ifpl-um 

I  concha 

Pharyngeal  neett 

Toms  of  auditor]/ 


FiQ.  95S. — ^FrODt  ol  oowl  pscl  of  phBryni.  at  teea  with  ibe  Uuyncoaoopa. 

Tlie  Nasal  Part  ot  the  Pharynx  (pars  nasalis  pharytigis;  naaopharyjur)  lies  behind 
the  nose  and  above  the  level  of  the  soft  palate:  it  differs  from  the  oral  and  laryn- 
geal parts  of  the  pharynx  in  that  its  cavity  always  remains  patent.  In  front  (Fig. 
855}  it  communicates  through  the  choanse  with  the  nasal  cavities.  On  its  lateral 
wall  is  the  pharynfeal  ostium  of  the  auditory  tnbe,  somewhat  triangular  in  shape, 
and  bounded  behind  by  a  firm  prominence,  the  toms  or  cnshion,  caused  by  the 
medial  end  of  the  cartilage  of  the  tube  which  elevates  the  mucous  membrane. 
A  vertical  fold  of  mucous  membrane,  the  Balpmcopharynfeal  told,  stretches  from 
the  lower  part  of  the  torus;  it  contains  the  Salpingopharyngeus  muscle.  A  second 
and  smaller  fold,  the  salpingopalatuie  fold,  stretches  from  the  upper  part  of  the  torus 
to  the  palate.  Behind  the  ostium  of  the  auditory  tube  is  a  deep  recess,  the  pharyn- 
Ceal  recess  (fossa  of  RoaenmuUer).  On  the  posterior  wall  is  a  prominence,  best 
marked  in  childhood,  produced  by  a  mass  of  lymphoid  tissue,  which  is  known  as  the 
pharyngeal  tonsil.  Above  the  pharyngeal  tonsil,  in  the  middle  line,  an  irregular 
flask-shaped  depression  of  the  mucous  membrane  sometimes  extends  up  as  far 
as  the  basilar  process  of  the  occipital  bone;  it  is  known  as  the  pharyngeal  bursa. 

The  oral  part  of  the  pharynx  (para  oralis  pharyngis)  reaches  from  the  soft  palate 
to  the  level  of  the  hyoid  bone.  It  opens  anteriorly,  through  the  isthmus  faucium, 
into  the  mouth,  while  in  its  lateral  wall,  between  the  two  palatine  arches,  is  the 
palatine  tonsil. 

The  Palatine  Tonsila  {lonsillae  palatinae;  tonsil)  are  two  prominent  masses  situated 
one  on  either  side  between  the  glossopalatine  and  pharyngopalatine  arches.  Each 
tonsil  consists  fundamentally  of  an  aggregation  of  lymphoid  tissue  underlying 
the  mucous  membrane  between  the  palatine  arches.  The  lymphoid  mass,  however, 
does  not  completely  fill  tbe  interval  between  the  two  arches,  so  that  a  small  depres- 
sion, the  supraton^llar  fossa,  exists  at  the  upper  part  of  the  interval.    Further, 
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the  tonsil  extends  for  a  variable  distance  under  cover  of  the  glossopalatine  arch, 
and  is  here  covered  by  a  reduplication  of  mucous  membrane;  the  upper  part  of  this 
fold  reaches  across  the  supratonsillar  fossa,  between  the  two  arches,  as  a  thin 
fold  sometimes  termed  the  plica  semilimaris;  the  remainder  of  the  fold  is  called  the 
plica  triangalsris.  Between  the  plica  triangularis  and  the  surface  of  the  tonsil  is 
a  space  known  as  the  tonaillar  Binns ;  in  many  cases,  however,  this  sinus  is  obliterated 
by  its  walls  becoming  adherent.  From  this  description  it  will  be  apparent  that  a 
portion  of  the  tonsil  is  below  the  level  of  the  surrounding  mucous  membrane,  i.  e. ,  is 
imbedded,  while  the  remainder  projects  as  the  visible  tonsil.  In  the  child  the 
tonsils  are  relatively  (and  frequently  absolutely)  larger  than  in  the  adult,  and  about 
one-third  of  the  tonsil  is  imbedded.  After  puberty  the  imbedded  portion  diminishes 
considerably  in  size  and  the  tonsil  assumes  a  disk-like  form,  flattened  from  side 
to  side;  the  shape  and  size  of  the  tonsil,  however,  vary  considerably  in  different 
individuals. 


Plo.  ese.-^^OFtioQ  tbiouchoneof  thecrvpuolthetoruiL.    (StShr.)    MaeniGed.    '.  Stratified  epithelium  olaenenl 

The  medial  sartace  of  the  tonsil  is  free  except  anteriorly,  where  it  is  covered  by 
the  plica  triangularis;  it  presents  from  twelve  to  fifteen  orifices  leading  into  small 
crypts  or  recesses  from  which  numerous  follicles  branch  out  into  the  tonsillar 
substance. 

The  lateral  or  deep  surface  is  adherent  to  a  fibrous  capsule  which  is  continued 
into  the  plica  triangularis.  It  is  separated  from  the  inner  surface  of  the  Constrictor 
pharjngis  superior  usually  by  some  loose  connective  tissue;  this  muscle  intervenes 
between  the  tonsil  and  the  external  maxillary  artery  with  its  tonsillar  and  ascend- 
ing palatine  branches.  The  internal  carotid  artery  lies  behind  and  lateral  to  the 
tonsil  at  a  distance  of  20  to  25  mm.  from  it. 

The  tonsils  form  part  of  a  circular  band  of  adenoid  tissue  which  guards  the 
opening  into  the  digestive  and  respiratory  tubes.  The  anterior  part  of  the  ring 
is  formed  b>'  the  submucous  adenoid  collections  (ImtnuJ  tonsil)  on  the  posterior 
part  of  the  tongue;  the  lateral  portions  consist  of  the  palatine  tonsils  and  the  ade- 
noid collections  in  the  vicinity  of  the  auditory  tubes,  while  the  ring  is  completed 
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behind  by  the  pharyngeal  tonsil  on  the  posterior  wall  of  the  pharynx.     In  the 
intervals  between  these  main  masses  are  smaller  collections  of  adenoid  tissue. 

Stmctnre  (Fig.  056). — ^The  follicles  of  the  tonsil  are  lined  by  a  continuation  of  the  mucous 
membrane  of  the  pharynx,  covered  with  stratified  squamous  epithelium;  around  each  follicle 
is  a  layer  of  closed  capsules  consisting  of  lymphoid  tissue  imbedded  in  the  submucous  tissue. 
Lymph  corpuscles  are  found  in  large  numbers  invading  the  stratified  epithelium.  It  is  probable 
that  they  pass  into  the  mouth  and  form  the  so-called  salivary  corptiscles.  Surrounding  each 
follicle  is  a  close  plexus  of  lymphatics,  from  which  the  lymphatic  vessels  pass  to  the  deep  cervacal 
glands  in  the  neighborhood  of  the  greater  comu  of  the  hyoid  bone,  behind  and  below  the  angle 
of  the  mandible. 

Vessels  and  Nerves. — The  arteries  suppl3dng  the  tonsil  are  the  dorsalis  linguae  from  the 
lingual,  the  ascending  palatine  and  tonsillar  from  the  external  maxillary,  the  ascending  pharyn- 
geal from  the  external  carotid,  the  descending  palatine  branch  of  the  internal  maxillary,  and  a 
twig  from  the  small  meningeal. 

The  veins  end  in  the  tonsillar  plexus,  on  the  lateral  side  of  the  tonsil. 

The  nerves  are  derived  from  the  sphenopalatine  ganglion,  and  from  the  glossopharjrngeal. 

Applied  Anatomy. — ^The  palatine  tonsils  can  be  easily  inspected  by  instructing  the  patient 
to  throw  the  head  back  and  open  his  mouth  widely;  the  tongue  at  the  same  time  being  depressed 
by  a  spatula  or  tongue-depressor.  The  normal  tonsil  should  not  project  beyond  the  plane  of 
the  glossopalatine  arch.  They  are  prone  to  become  enlarged,  especially  in  tuberculous  children; 
and  when  much  increased  in  size  they  cause  great  trouble,  owing  to  obstruction  to  respiration 
and  deglutition.  The  tonsils  may  be  the  seat  of  acute  inflammation,  which  may  run  on  to  sup- 
puration, requiring  evacuation  of  the  pus.  The  incision  into  the  tonsil  should  always  be  made 
from  in  front  backward  and  medialward.  Another  form  of  acute  inflammation  of  the  tonsil 
is  follicular  tonsillitis,  due  to  the  lodgement  of  microorganisms  in  the  crypts  of  the  tonsil.  The 
removal  of  an  enlarged  tonsil  is,  as  a  rule,  a  very  simple  operation,  and  is  not  usually  attended 
with  much  hemorrhage,  unless  the  patient  is  suffering  from  hemophilia.  The  tonsil  may  be  the 
seat  of  malignant  growth,  either  an  epithelioma  or  a  lymphosarcoma. 

The  LaiTiigeal  Part  of  the  Pharsmz  {pars  laryngea  pharyngis)  reaches  from  the 
hyoid  bone  to  the  lower  border  of  the  cricoid  cartilage,  where  it  is  continuous  with 
the  oesophagus.  In  front  it  presents  the  triangular  entrance  of  the  larynx,  the  base 
of  which  is  directed  forward  and  is  formed  by  the  epiglottis,  while  its  lateral  boun- 
daries are  constituted  by  the  aryepiglottic  folds.  On  either  side  of  the  laryngeal 
orifice  is  a  recess,  termed  the  sinus  piriformis,  which  is  bounded  medially  by  the 
aryepiglottic  fold,  laterally  by  the  thyroid  cartilage  and  hyothyroid  membrane. 

Muscels  of  the  Pharsmz. — ^The  muscles  of  the  pharynx  (Fig.  957)  are: 

Constrictor  inferior.  Stylopharyngeus. 

Constrictor  medius.  Salpingopharyngeus. 

Constrictor  superior.  Pharyngopalatinus.^ 

Dissection. — In  order  to  examine  the  muscles  of  the  pharynx,  cut  through  the  trachea  and 
oesophagus  just  above  the  sternum,  and  draw  them  upward  by  dividing  the  loose  areolar  tissue 
connecting  the  pharynx  with  the  front  of  the  vertebral  column.  The  parts  being  drawn  well 
forward,  apply  the  edge  of  the  saw  immediately  behind  the  styloid  processes,  and  saw  the  base 
of  the  skull  through  from  below  upward.  The  pharynx  and  mouth  should  then  be  stuffed  with 
tow,  in  order  to  distend  its  cavity  and  render  the  muscles  tense  and  easier  of  dissection. 

The  Constrictor  pharyngis  inferior  {Inferior  constrictor),  the  thickest  of  the 
three  constrictors,  arises  from  the  sides  of  the  cricoid  and  thyroid  cartilage. 
From  the  cricoid  cartilage  it  arises  in  the  interval  between  the  Cricothyreoideus 
in  front,  and  the  articular  facet  for  the  inferior  cornu  of  the  thyroid  cartilage 
behind.  On  the  thyroid  cartilage  it  arises  from  the  oblique  line  on  the  side  of  the 
lamina,  from  the  surface  behind  this  nearly  as  far  as  the  posterior  border  and  from 
the  inferior  cornu.  From  these  origins  the  fibres  spread  backward  and  medialward 
to  he  inserted  with  the  muscle  of  the  opposite  side  into  the  fibrous  raph6  in  the 
posterior  median  line  of  the  pharynx.  The  inferior  fibres  are  horizontal  and  con- 
tinuous with  the  circular  fibres  of  the  oesophagus;  the  rest  ascend,  increasing  in 
obliquity,  and  overlap  the  Constrictor  medius. 

1  The  Pharyngopalatinus  is  described  with  the  muscles  of  the  palate  (p.  1114). 
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BaUttmu. — The  Constrictor  iulerior  is  covered  by  the  thin  membr&ne  which  suiroundB  the 
entire  pharynr  {huccopharynfieal  fataa).    Behind,  it  ia  in  relation  with  the  vertebral  column  and 
the  prevertebral  fascia  and  muscles;  laterally,  with  the  thyroid  gland,  the  common  carotid  artery, 
and  the  St«mothyreoideus;  by  ita  inUmal  turfaee,  with  the  Constrictor  medius,  the  Stylopharyn- 
geua,  the  Pbaryngopalatinus,  the  pharyngeal  aponeurosis  and  the  mucoua  membrane  of  the 
pharynx.    The  internal  branch  of  the  superior  laryn- 
geal nerve  and  the  laryngeal  branch  of  the  superigr 
thyroid  artery  run  near  the  upper  border,  and  the 
recurrent   nerve   and   the   laryngeal  branch  of  the 
inferior  thyroid  artery  pass  beneath  the  lower  border 
of  this  muscle,  before  they  enter  the  larynx. 

The  Constrictor  pharyngis  medius  {Middle 
constrictor)  is  a  fan-shaped  muscle,  smaller 
than  the  preceding.  It  arises  from  the  whole 
length  of  the  upper  border  of  the  greater 
corau  of  the  hyold  bone,  from  the  lesser 
comu,  and  from  the  stylohyoid  ligament. 
The  fibres  diverge  from  their  origin:  the 
loM'er  ones  descend  beneath  the  Constrictor 
inferior,  the  middle  fibres  pass  transversely, 
and  the  upper  fibres  ascend  and  overlap  the 
Constrictor  superior.  It  is  inserted  into  the 
posterior  median  fibrous  raphe,  blending 
in  the  middle  line  with  the  muscle  of  the 
opposite  side. 

BeUtioiu. — This  muscle  is  separated  from  the 
Constrictor  superior  by  the  gloBHOphaiyngeal  nerve, 
the  Stylopharyngeus  and  the  stylohyoid  ligament; 
and  from  the  Constrictor   inferior  by  the   internal 
branch  of  the  superior  laryngeal  nerve  and  laryngeal 
branch  of  the  superior  thyroid   artery.     Behind,  it 
Ues  on    the   prevertebral   fascia^  the  LongUB   colli, 
Fio.  967.— MuBcles  ol  ihe  ph»rj-ni  »nd  ch«k.         and  the  Longus  capitis.     LaleraUy  it  is  in  relation 
with  the  carotid  vessels,  the  pharyngeal  plexus,  and 
some  lymph  glands.    Near  its  origin  it  is  covered  by  the  Hyoglossus,  from  which  it  is  separated 
by  the  lingual  vessels.     It  ties  upon  the  Constrictor  superior,  the  Stylopharyngeua,  the  Pbaryngo- 
palatinus, the  pharyngeal  aponeurosis,  and  the  mucous  membrane  of  the  pharynx. 

The  Constrictor  pharyngis  saperior  {Superior  constndor)  is  a  quadrilateral  muscle, 
thinner  and  paler  than  the  other  two.  It  arises  from  the  lower  third  of  the  posterior 
margin  of  the  medial  pterygoid  plate  and  its  hamulus,  from  the  pterygomandibular 
raph^,  from  the  alveolar  process  of  the  mandible  above  the  posterior  end  of  the 
mylohyoid  line,  and  by  a  few  fibres  from  the  side  of  the  tongue.  The  fibres  curve 
backward  to  be  inserted  into  the  median  raphe,  being  also  prolonged  by  means  of 
an  aponeurosis  to  the  pharyngeal  spine  on  the  basilar  part  of  the  occipital  bone. 
The  superior  fibres  arch  beneath  the  Levator  veli  palatini  and  the  auditory  tube. 
The  interval  between  the  upper  border  of  the  muscle  and  the  base  of  the  skull  is 
closed  by  the  pharyngeal  aponeurosis,  and  is  known  as  the  sinoa  of  Morgarni, 


—The  Constrictor  superior  is  in  relation  by  its  oiUer  sttrface  with  the  prevertebral 
fascia  and  muscleii,  the  vertebral  column,  the  internal  carotid  and  ascending  pharyngeal  arteries, 
the  internal  jugular  vein  and  pharyngeal  venous  plexus,  and  the  glossopharyngeal,  vagus,  hypo- 
glossal, and  lingual  nerves,  the  sympathetic  trunks,  the  Constrietor  medius  and  Pterygoideus 
intemua,  the  styloid  process,  the  stylohyoid  UgamenI,  and  the  Stylopharyngeua.  By  its  inleTTuU 
surface  it  is  in  relation  with  the  Pfaaryngopalatinus,  the  capsule  of  the  palatine  tonsil,  the  pharyn- 
geal aponeurosis,  and  the  mucous  membrane  of  the  pharynx.  Its  Uwer  border  is  separated  from 
the  Constrictor  medius  by  the  Stylopharyngeus  and  the  glofisopharyngeal  nerve. 

The  S^lopharyngeus  (Fig.  !)47)  is  a  long,  slender  muscle,  cylindrical  above, 
flattened  below.    It  arises  from  the  medial  side  of  the  base  of  the  styloid  process. 
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passes  downward  along  the  side  of  the  pharynx  between  the  Constrictores  superior 
and  medius^  and  spreads  out  beneath  the  mucous  membrane.  Some  of  its  fibres 
are  lost  in  the  Constrictor  muscles,  while  others,  joining  with  the  Pharyngopalatinus, 
are  inserted  into  the  posterior  border  of  the  thyroid  cartilage.  The  glossopharyn- 
geal nerve  runs  on  the  lateral  side  of  this  muscle,  and  crosses  over  it  to  reach  the 
tongue. 

The  Salpingopharyxi^eus  (Fig.  928)  arises  from  the  inferior  part  of  the  auditory 
tube  near  its  orifice;  it  passes  downward  and  blends  with  the  posterior  fasciculus 
of  the  Pharyngopalatinus. 

Neryes. — The  Constrictores  and  Salpinynphftrynyftna  _  i^rft  supplied  by  branches  from  the 
pharyngeal  plexus,  the  Constrictor  inferior  by  additional  branches  from  the_  external  laryngeal 
aud  letuimul  "uerves,  and  the  Siyjophj^ngeus  b^^th^glossopharyngeal  nervep 

Actions. — ^When  deglutition  is  about  to  be  performed,  the  pharynx  is  drawn  upward  and 
dilated  in  different  directions,  to  receive  the  food  propelled  into  it  from  the  mouth.  The  Stylo- 
pharyngei,  which  are  much  farther  removed  from  one  another  at  their  origin  than  at  their  inser- 
tion, draw  the  sides  of  the  pharynx  upward  and  lateralward,  and  so  increase  its  transverse 
diameter;  its  breadth  in  the  antero-posterior  direction  is  increased  by  the  larynx  and  tongue 
being  carried  forward  in  their  ascent.  As  soon  as  the  bolus  of  food  is  received  in  the  pharynx, 
the  elevator  muscles  relax,  the  pharynx  descends,  and  the  Constrictores  contract  upon  the 
bolus,  and  convey  it  downward  into  the  oesophagus. 

Stmetnre. — ^The  pharynx  is  composed  of  three  coats:  mncous,  fibroos,  and  moBCular. 

The  pharyngeal  aponeurosis,  or  fibrous  coat,  h  situated  between  the  mucous  and  muscular 
layers.  It  is  thick  above  where  the  muscular  fibres  are  wanting,  and  is  firmly  connected  to  the 
basilar  portion  of  the  occipital  and  the  petrous  portions  of  the  temporal  bones.  As  it  descends 
it  diminishes  in  thickness,  and  is  gradually  lost.  It  is  strengthened  posteriorly  by  a  strong  fibrous 
band;  which  is  attached  above  to  the  pharyngeal  spine  on  the  under  surface  of  the  basilar  portion 
of  the  occipital  bone,  and  passes  downward,  forming  a  median  raph4,  which  giyes  attachment 
to  the  Constrictores  pharyngis. 

The  mncous  coat  is  continuous  with  that  lining  the  auditory  tubes,  the  nasal  cavities,  the 
mouth,  and  the  larynx.  In  the  nasal  part  of  the  pharynx  it  is  covered  by  columnar  ciliated 
epithelium;  in  the  oral  and  laryngeal  portions  the  epithelium  is  stratified  squamous.  Beneath 
the  mucous  membrane  are  found  racemose  mucous  glands;  they  are  especially  numerous  at  the 
upper  pa  t  of  the  pharynx  around  the  orifices  of  the  auditory  tubes. 

-  Apptied  Anatomy. — Hypertrophy  of  the  lymphatic  tissue  in  the  nasal  part  of  the  pharynx 
commonly  known  as  ''adenoids,^'  is  a  frequent  cause  of  mouth-breathing  and  all  its  attendant 
disadvantages  and  dangers  in  children.  It  entails  a  proneness  to  inflammation  of  all  parts  of 
the  air  passages  and  the  auditory  tubes,  and  leads  to  deformed  development  of  the  palate  and 
dental  arch.  In  many  cases  adenoids  tend  to  atrophy  about  the  age  of  puberty,  by  which  time 
their  presence  is  likely  to  have  caused  permanent  injury  to  the  health  and  development  of  the 
patient. 

The  pharynx  is  sometimes  the  seat  of  a  pouch-like  dilatation  of  its  walls,  in  which  the  food 
collects  when  the  patient  swallows.  A  cure  is  effected  by  removing  the  divai^iculum  and  accu- 
rately suturing  the  opening  which  has  been  made  in  the  pharynx.  The  internal  carotid  artery  is 
in  close  relation  with  the  phajynx,  so  that  its  pulsations  can  be  felt  through  the  mouth.  It  has 
been  occasionally  wounded  by  sharp-pointed  instruments,  introduced  into  the  mouth  and  thrust 
through  the  wall  of  the  pharynx.  In  aneurism  of  this  vessel  in  the  neck,  the  tumor  necessarily 
bulges  into  the  phajynx,  as  this  is  the  direction  in  which  it  meets  with  the  least  resistance,  nothing 
lying  between  the  vessel  and  the  mucous  membrane  except  the  thin  Constrictor  muscles,  whereas 
on  the  lateral  side  there  are  the  dense  cervical  fascia,  the  muscles  descending  from  the  styloid 
process,  and  the  margin  of  the  Stemocleidomastoideus. 

The  mucous  membrane  of  the  pharynx  is  very  vascular,  and  is  often  the  seat  of  inflammation, 
frequently  of  a  septic  character,  since  the  numerous  recesses  are  prone  to  lodge  microorganisms. 
And,  in  addition,  owing  to  its  exposed  situation,  the  mucous  membrane  is  liable  to  be  irritated 
by  agents  introduced  during  inspiration.  The  inflammation  may  be  attended  with  serious 
consequences:  it  may  extend  up  the  auditory  tube  and  involve  the  middle  ear;  it  may  spread 
to  the  entrance  of  the  larynx,  causing  oedema  and  seriously  interfering  with  respiration;  or, 
invading  the  lymphatics,  it  may  spread  to  the  loose  areolar  tissue  surrounding  the  pharyngeal 
wall,  and  may  extend  far  and  wide,  sometimes  into  the  posterior  mediastinal  cavity  along  tbp 
oesophagus.  Abscess  may  form  in  the  connective  tissue  behind  the  pharynx,  between  ijx" 
the  vertebral  column,  constituting  what  is  known  as  retropharyngeal  abscess.    This  m&y^  \ 

to  caries  of  the  cervical  vertebrae  or  may  be  caused  by  suppuration  of  the  lymph  gl^ 
are  situated  in  this  position  opposite  the  axis,  and  which  receive  the  lymphatics  frou^  ., 
cavities.    In  these  cases  the  pus  may  be  easily  evacuated  by  incision  with  a  guarded  b*  ., 
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through  the  mouth,  but,  for  aseptic  reasons,  it  is  desirable  that  the  abscess  should  be  opened 
from  the  neck.  In  some  instances  this  is  perfectly  easy:  the  abscess  can  be  felt  bulging  at  the 
side  of  the  neck,  and  merely  requires  an  incision  for  its  relief;  but  this  is  not  always  so,  and  then 
an  incision  should  be  made  along  the  posterior  border  of  the  Stemocleidomastoideus  and  the 
deep  fascia  divided.  A  director  is  now  to  be  inserted  into  the  wound,  the  forefinger  of  the  left 
hand  being  introduced  into  the  mouth  and  pressure  made  upon  £he  swelling.  This  acts  as  a 
guide,  and  the  director  is  to  be  pushed  onward  until  pus  appears  in  the  groove.  A  pair  of  sinus 
forceps  is  now  inserted  along  the  director  and  the  opening  into  the  cavity  dilated. 

Abscess  also  occurs  in  children,  underneath  the  mucous  membrane,  between  it  and  the  pharyn- 
geal aponeurosis.  The  condition  usually  arises  from  a  peritonsillar  inflammation,  which  spreads 
backward.  In  some  cases  an  enormous  swelling  may  form,  which  pushes  forward  the  soft  palate 
and  gives  rise  to  respiratory  obstruction.  In  such  the  abscess  should  be  opened  through  the 
mouth  with  the  child  in  the  inverted  positions,  so  as  to  prevent  the  first  gush  of  pus  from  entering 
the  superior  opening  of  the  larynx. 

Foreign  bodies  not  infrequently  become  lodged  in  the  pharynx,  and  most  usually  at  its  termina- 
tion at  about  the  level  of  the  cricoid  cartilage,  just  beyond  the  reach  of  the  finger,  as  the  distance 
from  the  arch  of  the  teeth  to  the  commencement  of  the  oesophagus  is  about  15  cm. 


THE  (ESOPHAGUS  (Fig.  958). 

The  (Bsophagus  or  gullet  is  a  muscular  canal^  about  23  to  25  cm.  long^  extending 
from  the  pharynx  to  the  stomach.  It  begins  in  the  neck  at  the  lower  border  of 
the  cricoid  cartilage,  opposite  the  sixth  cervical  vertebra,  descends  along  the  front 
of  the  vertebral  column,  through  the  superior  and  posterior  mediastinal  cavities, 
passes  through  the  Diaphragma,  and,  entering  the  abdomen,  ends  at  the  cardiac 
orifice  of  the  stomach,  opposite  the  eleventh  thoracic  vertebra.  The  general  direc- 
tion of  the  oesophagus  is  vertical;  but  it  presents  two  slight  curves  in  its  course. 
At  its  commencement  it  is  placed  in  the  middle  line;  but  it  inclines  to  the  left  side 
as  far  as  the  root  of  the  neck,  gradually  passes  to  the  middle  line  again  at  the  level 
of  the  fifth  thoracic  vertebra,  and  finally  deviates  to  the  left  as  it  passes  forward 
to  the  oesophageal  hiatus  in  the  Diaphragma.  The  oesophagus  also  presents 
antero-posterior  flexures  corresponding  to  the  curvatures  of  the  cervical  and 
thoracic  portions  of  the  vertebral  column.  It  is  the  narrowest  part  of  the  diges- 
tive tube,  and  is  most  contracted  at  its  commencement,  and  at  the  point  where 
it  passes  through  the  Diaphragma. 

Belatioiui. — The  cenrical  portion  of  the  oesophagus  is  in  relation,  in  front,  with  the  trachea; 
and  at  the  lower  part  of  the  neck,  where  it  projects  to  the  left  side,  with  the  thyroid  gland;  hehindf 
it  rests  upon  the  vertebral  column  and  Longus  colli  muscles;  on  either  side  it  is  in  relation  with 
the  common  carotid  artery  (especially  the  left,  as  it  inclines  to  that  side),  and  parts  of  the  lobes 
of  the  th3rroid  gland;  the  recurrent  nerves  ascend  between  it  and  the  trachea;  to  its  left  side  is 
the  thoracic  duct. 

The  thoracic  portion  of  the  oesophagus  is  at  first  situated  in  the  superior  mediastinal  cavity 
between  the  trachea  and  the  vertebral  column,  a  little  to  the  left  of  the  median  line.  It  then 
passes  behind  and  to  the  right  of  the  aortic  arch,  and  descends  in  the  posterior  mediastinal 
cavity,  along  the  right  side  of  the  descending  aorta,  then  runs  in  front  and  a  little  to  the  left 
of  the  aorta,  and  enters  the  abdomen  through  the  Diaphragma  at  the  level  of  the  tenth  thoracic 
vertebra.  Just  before  it  perforates  the  Diaphragma  it  presents  a  distinct  dilatation.  It  is  in 
relation,  in  front j  with  the  trachea,  the  left  bronchus,  the  pericardium,  and  the  Diaphragma; 
behindj  it  rests  upon  the  vertebral  column,  the  Longus  colli  muscles,  the  right  aortic  intercostal 
arteries,  the  thoracic  duct,  and  the  hemiazygos  veins;  and  below,  near  the  Diaphragma,  upon 
the  front  of  the  aorta.  On  its  left  side,  in  the  superior  mediastinal  cavity,  are  the  terminaJ  part 
of  the  aortic  arch,  the  left  subclavian  artery,  the  thoracic  duct,  and  left  pleura,  while  running 
upward  in  the  angle  between  it  and  the  trachea  is  the  left  recurrent  nerve;  below,  it  is  in  relation 
with  the  descending  thoracic  aorta.  On  its  right  side  are  the  right  pleura,  and  the  azygos  vein 
which  it  overlaps.  Below  the  roots  of  the  lungs  the  vagi  descend  in  close  contact  with  it,  the 
right  nerve  passing  down  behind,  and  the  left  nerve  in  front  of  it;  the  two  nerves  uniting  to 
form  a  plexus  around  the  tube. 

In  the  lower  part  of  the  posterior  mediastinal  cavity  the  thoracic  duct  lies  to  the  right  side 
of  the  oDsophagus;  higher  up,  it  is  placed  behind  it,  and,  crossing  about  the  level  of  the  fourth 
thoracic  vertebra,  is  continued  upward  on  its  left. side. 
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The  Abdominal  portion  of  the  cesophagiia  lies  in  the  cesophageal  groove  od  the  posterior  surftice 
or  the  left  lobe  of  the  liver.  It  measures  about  1.25  cm.  in  length,  and  only  itB  front  and  left 
aspects  are  covered  by  peritoneum.  It  is  somewhat  conical  with  its  base  appUed  to  the  upper 
orifice  of  the  stomach,  and  is  known  as  the  antrum  cudlunnu 

Stmcture  (Fig.  959). — The  cesophagus  has  four  coats:  an  ezt«nul  or  flbrons,  a  miuGlilU, 
a  BntanoGoua   or  uooUr,   aod  an  internal  or  mncoui   coat. 

The  mnscnlar  coat  {tunkamuscuiwit) 
~  is  composed  of  two  planes  of  consider- 

able thickness:  an  external  of  longitu- 
dinal and  an  internal  of  circular  fibres. 
The  longitudinal  fibres  are  arranged, 
at  the  commencement  of  the  tube,  in 
three  fasciculi:  one  in  front,  which  is 
attached  to  the  vertical  ridge  on  the 
posterior  surface  of  the  lamina  of  the 
cricoid  cartilage;  and  one  at  either 
side,  which  is  continuous  with  the 
muscular  fibres  of  the  pharynx:  as 
they  descend  they  blend  together,  and 
form  a  uniform  layer,  which  covers  the 
out«r  surface  of  the  tube. 

AceegBory    slips    of  muscular   fibres 
pass  between   the  (psophagus   and   the 


(USB. — Section  of  tbt  huissD  (BsophBgua. 
■■  )    Modemlely 
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Fio.  B5S,— The  aaoplucua.  muiculsr  (iErea  cut  serosa. 

left  pleura,  where  the  latter  coi'ers  the  thoracic  aorta,  or  the  root  of  the  left  bronchus,  or  the 
back  of  the  pericardium. 

The  circulaT  fibres  are  continuous  above  with  the  Constrictor  pharyngis  inferior;  their  direction 
is  transverse  at  the  upper  and  lower  parts  of  the  tube,  but  oblique  in  the  intermediate  part. 

The  muscular  fibres  in  the  upper  part  of  the  oesophagus  are  of  a  red  color,  and  consist  chiefly 
of  the  striped  variety;  but  below,  they  consist  of  the  most  part  of  involuntary  fibres. 

The  ar«olar  or  snbmneons  coat  (lela  submvtota)  connects  loosely  the  mucous  and  muscular 
coats.    It  contains  bloodvessels,  nen-es,  and. mucous  glands. 
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The  macouB  coat  {tunica  mucosa)  is  thick,  of  a  reddish  color  above,  and  pale  below.  It  is 
disposed  in  longitudinal  folds,  which  disappear  on  distension  of  the  tube.  Its  surface  is  studded 
with  minute  papillse,  and  it  is  covered  throughout  with  a  thick  layer  of  stratified  squamous 
epithelium.  Beneath  the  mucous  membrane,  between  it  and  the  areolar  coat,  is  a  layer  of  longi- 
tudinally arranged  non^triped  muscular  fibres.  This  is  the  muBcnlariB  macosae.  At  the  com- 
mencement of  the  oesophagus  it  is  absent,  or  only  represented  by  a  few  scattered  bundles;  lower 
down  it  forms  a  considerable  stratum. 

The  OBSophageal  glands  (glandvlae  oesophageal)  are  small  compoimd  racemose  glands  of  the 
mucous  type:  they  are  lodged  in  the  submucous  tissue,  and  each  opens  upon  the  surface  by  a 
long  excretory  duct. 

Vessels  and  Nerves. — The  arteries  8uppl3ring  the  oesophagus  are  derived  from  the  inferior 
thyroid  branch  of  the  th3n:ocervical  trunk,  from  the  descending  thoracic  aorta,  from  the  left 
gastric  branch  of  the  coeliac  artery,  and  from  the  left  inferior  phrenic  of  the  abdominal  aorta. 
They  have  for  the  most  part  a  longitudinal  direction. 

The  nerves  are  derived  from  the  vagi  and  from  the  sympathetic  trunks;  they  form  a  plexus, 
in  which  are  groups  of  ganglion  cells,  between  the  two  layers  of  the  muscular  coats,  and  also  a 
second  plexus  in  the  submucous  tissue. 

Applied  Anatomy. — The  oesophagus  may  be  obstructed  by  foreign  bodies^  and  also  by  changes 
in  its  coats  producing  stricture,  or  by  pressure  on  it  from  without  of  new  growths  or  aneurism, 
etc.  The  different  forms  of  stricture  are:  (1)  the  fibrous,  due  to  cicatrization  following  destruc- 
tion of  tissue,  the  result  of  si^allowing  boiling  or  corrosive  fluids — here  dilatation  of  the  stricture 
may  be  carried  out;  and  (2)  malignant,  usually  epitheliomatous  in  its  nature.  This  may  be 
situated  either  at  the  upper  end  of  the  tube,  opposite  the  cricoid  cartilage,  or  at  its  lower  end 
at  the  cardiac  orifice,  but  is  most  commonlly  found  in  that  part  of  the  tube  which  is  crossed  by 
the  left  bronchus.  In  these  cases,  if  the  patient  is  losing  weight  from  insufi^cient  nourishment, 
the  operation  of  gastrostomy  may  be  performed  in  order  to  avoid  death  from  starvation;  death, 
however,  most  commonly  occurs  from  ulceration  of  the  growth  into  the  mediastinal  cavity  or 
air  passages.  In  cases  of  stricture  of  the  oesophagus  it  may  be  necessary  to  dilate  the  canal  by 
a  bougie,  when  it  is  of  importance  that  the  direction  of  the  oesophagus  and  its  relations  to  sur- 
rounding parts  should  be  remembered.  In  cases  of  malignant  disease  of  the  oesophagus,  where 
its  tissues  have  become  softened  from  infiltration  of  the  growth,  the  greatest  care  is  requisite 
in  directing  the  bougie  through  the  strictured  part,  as  a  false  passage  may  easily  be  made,  and 
the  instrument  may  pass  into  the  mediastinal  cavity  or  into  one  or  other  pleural  cavity,  or  even 
into  the  pericardium. 

In  cases  of  obstruction  of  the  oesophagus,  and  consequent  symptoms  of  stricture,  produced 
by  an  aneurism  of  some  part  of  the  aorta  pressing  upon  this  tube,  the  passage  of  a  bougie  will 
only  hasten  the  fatal  issue. 

In  passing  a  bougie,  the  left  forefinger  should  be  introduced  into  the  mouth,  and  the  epiglottis 
felt  for,  care  being  taken  not  to  throw  the  head  too  far  backward.  The  bougie  is  then  to  be 
passed  beyond  the  finger  until  it  touches  the  posterior  wall  of  the  pharynx.  The  patient  is  now 
asked  to  swallow,  and  at  the  moment  of  swallowing  the  bougie  is  passed  gently  onward,  all 
violence  being  carefully  avoided. 

It  occasionally  happens  that  a  foreign  body  becomes  impacted  in  the  oesophagus,  and  can 
neither  be  brought  upward  nor  moved  downward.  When  all  ordinary  means  for  its  removal 
have  failed,  excision  is  the  only  resource.  This,  of  course,  can  only  be  performed  when  it  is  not 
very  low  down.  If  the  foreign  body  is  allowed  to  remain,  extensive  inflanmiation  and  ulceration 
of  the  oesophagus  may  ensue.  In  one  case  the  foreign  body  ultimately  penetrated  the  inter- 
vertebral fibrocartilage,  and  destroyed  life  by  inflammation  of  the  membranes  and  substance 
of  the  medulla  spinalis. 

THE  ABDOMEN. 

The  abdomen  is  the  largest  cavity  in  the  body.  It  is  of  an  oval  shape,  the  extrem- 
ities of  the  oval  being  directed  upward  and  downward.  The  uppeD  extremity  is 
formed  by  the  Diaphragma  which  extends  as  a  dome  over  the  o-bdomen,  so  that  the 
cavity  extends  high  into  the  bony  thorax,  reaching  on  the  right  side,  in  the  mammary 
line,  to  the  upper  border  of  the  fifth  rib;  on  the  left  side  it  falls  below  this  level  by 
about  2.5  cm.  The  lower  extremity  is  formed  by  the  structures  which  clothe  the 
inner  surface  of  the  bony  pelvis,  principally  the  Levator  ani  and  Coccygeus  on 
either  side.  These  muscles  are  sometimes  termed  the  diaphragm  of  the  pelvis. 
The  cavity  is  wider  above  than  below,  and  measures  more  in  the  vertical  than  in 
the  transverse  diameter.  In  order  to  facilitate  description,  it  is  artificially  divided 
into  two  parts :  an  upper  and  larger  part,  the  abdomen  proper ;  and  a  lower  and  smaller 
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part,  the  pelvis.    These  two  cavities  are  not  separated  from  each  other,  but  the 
limit  between  them  is  marked  by  the  superior  aperture  of  the  lesser  pelvis. 

The  abdomen  proper  differs  from  the  other  great  cavities  of  the  body  in  being 
bounded  for  the  most  part  by  muscles  and  fascise,  so  that  it  can  vary  in  capacity 
and  shape  according  to  the  condition  of  the  viscera  which  it  contains;  but,  in  addi- 
tion to  this,  the  abdomen  varies  in  form  and  extent  with  age  and  sex.  In  the  adult 
male,  with  moderate  distension  of  the  viscera,  it  is  oval  in  shape,  but  at  the  same 
time  flattened  from  before  backward.  In  the  adult  female,  with  a  fully  developed 
pelvis,  it  is  ovoid  with  the  narrower  pole  upward,  and  in  young  children  it  is  also 
ovoid  but  with  the  narrower  pole  downward. 

Boundaries. — It  is  bounded  in  front  and  at  the  sides  by  the  abdominal  muscles 
and  the  Iliacus  muscles;  behind  by  the  vertebral  column  and  the  Psoas  and 
Quadratus  lumborum  muscles;  above  by  the  Diaphragma;  below  by  the  plane  of 
the  superior  aperture  of  the  lesser  pelvis.  The  muscles  forming  the  boundaries 
of  the  cavity  are  lined  upon  their  inner  surfaces  by  a  layer  of  fascia. 

The  abdomen  contains  the  greater  part  of  the  digestive  tube;  some  of  the 
accessory  organs  to  digestion,  viz.,  the  liver  and  pancreas;  the  spleen,  the  kidneys, 
and  the  suprarenal  glands.  Most  of  these  structures,  as  well  as  the  wall  of  the 
cavity  in  which  they  are  contained,  are  more  or  less  covered  by  an  extensive  and 
complicated  serous  membrane,  the  peritoneum. 

The  Apertures  in  the  Walls  of  the  Abdomen. — ^The  apertures  in  the  walls  of  the 
abdomen,  for  the  transmission  of  structures  to  or  from  it,  are,  in  front,  the  umbilical 
(in  the  fetus),  for  the  transmission  of  the  umbilical  vessels,  the  allantois,  and  vitel- 
line duct;  above,  the  vena  caval  opening,  for  the  transmission  of  the  inferior  vena 
cava,  the  aortic  hiatus,  for  the  passage  of  the  aorta,  azygos  vein,  and  thoracic  duct, 
and  the  oesophageal  hiatus,  for  the  oesophagus  and  vagi.  Below,  there  are  two 
apertures  on  either  side:  one  for  the  passage  of  the  femoral  vessels  and  lumbo- 
inguinal  nerve,  and  the  other  for  the  transmission  of  the  spermatic  cord  in  the  male, 
and  the  round  ligament  of  the  uterus  in  the  female. 

Regions. — For  convenience  of  description  of  the  viscera,  as  well  as  of  reference 
to  the  morbid  conditions  of  the  contained  parts,  the  abdomen  is  artificially  divided 
into  nine  regions  by  imaginary  planes,  two  horizontal  and  two  sagittal,  passing 
through  the  cavity,  the  edges  of  the  planes  being  indicated  by  lines  drawn  on  the 
surface  of  the  body.  Of  the  horizontal  planes  the  upper  or  transpyloric  is  indi(5ated 
by  a  line  encircling  the  body  at  the  level  of  a  point  midway  between  the  jugular 
notch  and  the  symphysis  pubis,  the  low-er  by  a  line  carried  around  the  trunk  at  the 
level  of  a  point  midway  between  the  transpyloric  and  the  symphysis  pubis.  The 
latter  is  practically  the  intertubercular  plane  of  Cunningham,  who  pointed  out^ 
that  its  level  corresponds  with  the  prominent  and  easily  defined  tubercle  on  the 
iliac  crest  about  5  cm.  behind  the  anterior  superior  iliac  spine.  By  means  of  these 
imaginary  planes  the  abdomen  is  divided  into  three  zones,  which  are  named  from 
above  downward  the  subcostal,  umbilical,  and  hypogastric  zones.  Each  of  these  is 
further  subdivided  into  three  regions  by  the  two  sagittal  planes,  which  are  indi- 
cated on  the  surface  by  lines  drawn  vertically  through  points  half-way  between 
the  anterior  superior  iliac  spines  and  the  symphysis  pubis.^ 

The  middle  region  of  the  upper  zone  is  called  the  epigastric ;  and  the  two  lateral 
regions,  the  right  and  left  hypochondriac.  The  central  region  of  the  middle  zone 
is  the  umbilical;  and  the  two  lateral  regions,  the  right  and  left  lumbar.  The  middle 
region  of  the  lower  zone  is  the  hypogastric  or  pubic  region;  and  the  lateral  regions 
are  the  right  and  left  iliac  or  inguinal  (Fig.  960). 

The  pelvis  is  that  portion  of  the  abdominal  cavity  which  lies  below  and  behind 
a  plane  passing  through  the  promontory  of  the  sacrum,  lineae  terminales  of  the 
hip  bones,  and  the  pubic  crests.    It  is  bounded  behind  by  the  sacrum,  coccyx, 

>  Journal  of  Anatomy  and  Physiology,  vol.  xxvii.  *  Ibid.,  vols,  xxxiii,  xxxiv,  xxxv. 
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Piriformes,   and   the  sacrospinous   and   sacrotuberous  ligaments;   in    front   and 
laterally  by  the  pubes  and  ischia  and  Obturatores  interni;  above  it  communicates 
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with  the  abdomen  proper;  below  it  is  closed  by  the  Levatores  ani  and  Coccygei  and 
the  urogenital  diaphragm.  The  pelvis  contains  the  urinary  bladder,  the  sigmoid 
colon  and  rectum,  a  few  coils  of  the  small  intestine,  and  some  of  the  generative 
organs. 

When  the  anterior  abdominal  wall  is  removed,  the  viscera  are  partly  exposed 
as  follows:  above  and  to  the  right  side  is  the  liver,  situated  chiefly  under  the  shelter 
of  the  right  ribs  and  their  cartilages,  but  extending  across  the  middle  line  and  reach- 
ing for  some  distance  below  the  level  of  the  xiphoid  process.  To  the  left  of  the  liver 
is  the  stomach,  from  the  lower  border  of  which  an  apron-like  fold  of  peritoneum, 
the  greater  omentum,  descends  for  a  varying  distance,  and  obscures,  to  a  greater 
or  lesser  extent,  the  other  viscera.  Below  it,  however,  some  of  the  coils  of  the  small 
intestine  can  generally  be  seen,  while  in  the  right  and  left  iliac  regions  respectively 
the  cecum  and  the  iliac  colon  are  partly  exposed.  The  bladder  occupies  the  ante- 
rior part  of  the  pelvis,  and,  if  distended,  will  project  above  the  symphysis  pubis; 
the  rectum  lies  in  the  concavity  of  the  sacrum,  but  is  usually  obscured  by  the  coils 
of  the  small  intestine.    The  sigmoid  colon  lies  between  the  rectum  and  the  bladder. 

When  the  stomach  is  followed  from  left  to  right  it  is  seen  to  be  continuous  with 
the  first  part  of  the  small  intestine,  or  duodenum,  the  point  of  continuity  being 
marked  by  a  thickened  ring  which  indicates  the  position  of  the  pyloric  valve. 
The  duodenum  passes  toward  the  under  surface  of  the  liver,  and  then,  curving 
downward,  is  lost  to  sight.  If,  however,  the  greater  omentum  be  thrown  upward 
over  the  chest,  the  inferior  part  of  the  duodenum  will  be  observed  passing  across 
the  vertebral  column  toward  the  left  side,  where  it  becomes  continuous  with  the 
coils  of  the  jejunum  and  ileum.  These  measure  some  6  metres  in  length,  and  if 
followed  downward  the  ileum  will  be  seen  to  end  in  the  right  iliac  fossa  by  opening 
into  the  cecum,  the  commencement  of  the  large  intestine.  From  the  cecum  the 
large  intestine  takes  an.  arched  course,  passing  at  first  upward  on  the  right  side, 
then  across  the  middle  line  and  downward  on  the  l^t  side,  and  forming  respectively 
the  ascending  transverse,  and  descending  parts  of  the  colon.  In  the  pelvis  it 
assumes  the  form  of  a  loop,  the  sigmoid  colon,  and  ends  in  the  rectum. 

The  spleen  lies  behind  the  stomach  in  the  left  hypochondriac  region,  and  may 
be  in  part  exposed  by  pulling  the  stomach  over  toward  the  right  side. 

The  glistening  appearance  of  the  deep  surface  of  the  abdominal  wall  and  of  the 
surfaces  of  the  exposed  viscera  is  due  to  the  fact  that  the  former  is  lined,  and  the 
latter  are  more  or  less  completely  covered,  by  a  serous  membrane,  the  peritoneum. 

The  Peritoneum  (Tunica  Serosa). 

The  peritoiieiim  is  the  largest  serous  membrane  in  the  body,  and  consists,  in  the 
male,  of  a  closed  sac,  a*  part  of^which  is  applied  agaiiisFthe_abdcamnal.parietes, 
w^hile  th^Tremainder  is  reflecteTover  the  contamed  visceral  In  the  female  the 
peritoneum  is  not  a  closed  sac,  since  the  free  ends  of  the  uterine  tubes  open  directly 
into  the  pCTitQneaEca5ty\  The  part  which  lines  the  parietes  is  namedthe  parietal 
portion  of  the  peritoneum;  that  which  is  reflected  over  the  contained  viscera  con- 
stitutes the  viacer^  portion  of  the  peritoneum.  The  free  surface  of  the  membrane 
is  smooth,  covered  by  a  layer  of  flattened  endothelium,  and  lubricated  by  a  small 
quantity  of  serous  fluid.  Hence  the  viscera  can  glide  freely  against  the  wall  of  the 
cavity  or  upon  one  another  with  the  least  possible  amount  of  friction.  The  attached 
surface  i&  rough,  being  connected  to  the  viscera  and  inner  surface  o£ the. parieteg  by 
means^f  areolar  tissue,  termed  the  subserous 'areolarllssue.  The  parietal  portion 
is  loosely  connected  with  the  fascial  hning  of  the  abdomen  and  pelvis,  but  Is  more 
closely  adfag^ent  to  tne  under  surtace  of  the  Diaphragma^  and  also  in  the  middle 
line  of  the  abdomen. 

The  space  between  the  parietal  and  visceral  layers  of  the  peritoneum  is  named 
the  peritoneal  cavity;  but  under  normal  conditions  this  cavity  is  merely  a  potential 
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one,  since  the  parietal  and  visceral  layers  are  in  contact.  The  peritoneal  cavity 
gives  off  a  large  diverticulum,  the  omental  bar8»,  which  is  situated  behind  the 
alomafh  and  adjoining  structures;  the  neck  of  communication  between  the  cavity 
and  the  bursa  is  termed  the  epiploic  foramen  {foramen  of  Winslow).  Formerly  the 
main  portion  of  the  cavity  was  described  as  the  greater,  and  the  omental  bursa 
as  the  lesser  sac. 

The  peritoneum  differs  from  the  other  serous  membranes  of  the  body  in  pre- 
senting a  much  more  complex  arrangement,  and  one  that  can  only  be  clearly  under- 
stood by  following  the  changes  which  take  place  in  the  digestive  tube  during  its 
development;  the  student  therefore  is  advised  to  preface  his  study  of  the  peri- 
toneum by  reviewing  the  chapter  dealing  with  this  subject  in  the  section  on 
Embryology  (page  162). 

To  trace  the  membrane  from  one  viscus  to  another,  and  from  the  viscera  to  the 
parietes,  it  is  necessary  to  follow  its  continuity  in  the  vertical  and  horizontal 
directions,  and  it  will  be  found  simpler  to  describe  the  main  portion  of  the  cavity 
and  the  omental  bursa  separately. 
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Fia.  OGl. — Vertical  dupoflition  of  the  peritooeum.     Mua  cavity,  red;  omental  buna.  blue. 

Vertical  Disposition  of  the  Main  Peritoneal  Cavity  {greater  sac)  (Fig.  961). — It 
is  convenient  to  trace  this  from  the  back  of  the  abdominal  wall  at  the  level  of  the 
umbilicus.  On  following  the  peritoneum  upward  from  this  level  it  is  seen  to  be 
reflected  around  a  fibrous  cord,  the  ligamentum^tgreg  (obliterated  umbilical  nffiw), 
which  reaches  fromtEe^mbilicus  to  the  underjunace  of  the  I  ivy.  This  reflection 
forms  a  somewhat  triarJKU&i-lQld.  the  falciform  ligament  of  the  livy.  attaching  the 
upper  and  anterior  surfaces  of  the  liver  to  the  Diaphragma  and  abdominal  wall. 
With  the  exception  of  the  line  of  attachment  of  this  ligament  the  peritoneum 
covers  the  whole  of  the  under  surface  of  the  anterior  part  of  the  Diaphragma, 
and  is  continued  from  it  on  to  the  upper  surface  of  the  right  lobe  of  the  liver  as 
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the  superior  layer  of  the  coronary  ligament,  and  on  to  the  upper  surface  of  the  left 
lobe  as  the  superior  layer  of  the  left  triangular  ligament  of  the  liver.  Covering  the 
upper  and  anterior  surfaces  of  the  liver,  it  is  continued  around  its  sharp  margin 
on  to  the  under  surface,  where  it  presents  the  following  relations:  (a)  It  covers  the 
under  surface  of  the  right  lobe  and  is  reflected  from  the  back  part  of  this  on  to  the 
right  suprarenal  gland  and  upper  extremity  of  the  right  kidney,  forming  in  this 
situation  the  inferior  layer  of  the  coronary  ligament;  a  special  fold,  the  hepatorenal 
ligament,  is  frequently  present  between  the  inferior  surface  of  the  liver  and  the 
front  of  the  kidney.  From  the  kidney  it  is  carried  downward  to  the  duodenum 
and  right  colic  flexure  and  medialward  in  front  of  the  inferior  vena  cava,  where  it 
is  continuous  with  the  posterior  wall  of  the  omental  bursa.  Between  the  two  layers 
of  the  coronary  ligament  there  is  a  large  triangular  surface  of  the  liver  devoid  of 
peritoneal  covering;  this  is  named  the  bare  area  of  the  liver,  and  is  attached  to  the 
Diaphragma  by  areolar  tissue.  Toward  the  right  margin  of  the  liver  the  two 
layers  of  the  coronary  ligament  gradually  approach  each  other,  and  ultimately 
fuse  to  form  a  small  triangular  fold  connecting  the  right  lobe  of  the  liver  to  the 
Diaphragma,  and  named  the  right  triangular  ligament  of  the  liver.  The  apex  of 
the  triangular  bare  area  corresponds  with  the  point  of  meeting  of  the  two  layers 
of  the  coronary  ligament,  its  base  with  the  fossa  for  the  inferior  vena  cava,  (b) 
It  covers  the  lower  surface  of  the  quadrate  lobe,  the  under  and  lateral  surfaces 
of  the  gall-bladder,  and  the  under  surface  and  posterior  border  of  the  left  lobe;  it  is 
then  reflected  from  the  upper  surface  of  the  left  lobe  to  the  Diaphragma  as  the 
inferior  layer  of  the  left  triangular  ligament,  and  from  the  porta  of  the  liver  and  the 
fossa  for  the  ductus  venosus  to  the  lesser,  curvature  of  the  stomach  and  the  first 
2.5  cm.  of  the  duodenum  as  the  anterior  layer  of  the  hepatogastric  and  hepatoduodenal 
ligaments,  which  together  constitute  the  lesser  omentum.  If  this  layer  of  the  lesser 
omentum  be  followed  to  the  right  it  will  be  found  to  turn  around  the  hepatic  artery, 
bile  duct,  and  portal  vein,  and  become  continuous  with  the  anterior  wall  of  the 
omental  bursa,  forming  a  free  folded  edge  of  peritoneum.  Traced  downward,  it 
covers  the  antero-superior  surface  of  the  stomach  and  the  conmiencement  of  the 
duodenum,  and  is  carried  down  into  a  large  free  fold,  known  as  the  gastrocolic 
ligament  or  greater  omentum.  Reaching  the  free  margin  of  this  fold,  it  is  reflected 
upward  to  cover  the  imder  and  posterior  surfaces  of  the  transverse  colon,  and  thence 
to  the  posterior  abdominal  wall  as  the  inferior  layer  of  the  transverse  mesocolon. 
It  reaches  the  abdominal  wall  at  the  head  and  anterior  border  of  the  pancreas, 
is  then  carried  down  over  the  lower  part  of  the  head  and  over  the  inferior  surface 
of  the  pancreas  on  the  superior  mesenteric  vessels,  and  thence  to  the  small  intestine 
as  the  anterior  layer  of  the  mesentery.  It  encircles  the  intestine,  and  subsequently 
may  be  traced,  as  the  posterior  layer  of  the  mesentery,  upward  and  backward 
to  the  abdominal  wall.  From  this  it  sweeps  down  over  the  aorta  into  the  pelvis, 
where  it  invests  the  sigmoid  colon,  its  reduplication  forming  the  sigmoid  mesocolon. 
Leaving  first  the  sides  and  then  the  front  of  the  rectum,  it  is  reflected  on  to  the  semi- 
nal vesicles  and  fundus  of  the  urinary  bladder  and,  after  covering  the  upper  surface 
of  that  viscus,  is  carried  along  the  medial  and  lateral  umbilical  ligaments  (Fig. 
962)  on  to  the  back  of  the  abdominal  wall  to  the  level  from  which  a  start  was  made. 
Between  the  rectum  and  the  bladder  it  forms,  in  the  male,  a  pouch,  the  recto- 
vesical excavation,  the  bottom  of  which  is  slightly  below  the  level  of  the  upper 
ends  of  the  vesiculae  seminales — i.  e.,  about  7.5  cm.  from  the  orifice  of  the  anus. 
When  the  bladder  is  distended,  the  peritoneum  is  carried  up  with  the  expanded 
viscus  so  that  a  considerable  part  of  the  anterior  surface  of  the  latter  lies  directly 
against  the  abdominal  wall  without  the  intervention  of  peritoneal  membrane. 
In  the  female  the  peritoneum  is  reflected  from  the  rectum  over  the  posterior  yaginal 
fornix  to  the  cervix  and  body  of  the  uterus,  forming  the  rectouterine  excavation 
{pouch  of  Douglas),    It  is  continued  over  the  intestinal  surface  and  fundus  of  the 
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uterus  on  to  its  vesical  surface,  which  it  covers  as  far  as  the  junction  of  the  body 
and  cervix  uteri,  and  then  to  the  bladder,  forming  here  a  second,  but  shallower, 
pouch,  the  Tesieoaterine  ezcavatioii.  It  is  also  reflected  from  the  sides  of  the  uterus 
to  the  lateral  walls  of  the  pelvis  as  two  expanded  folds,  the  broad  liK&menta  ol  the 
uterus,  in  the  free  margin  of  each  of  which  is  the  uterine  tube. 


Fia.  962. — Pnaterior  view  of  the  anterior  abdominal  nail  in  iU  tower  balf.    The  perilnmum  ia  in  pla«.  and  the  varioua 
cords  are  shining  through.     <After  Jiwsael.) 

Vertical  Disposition  of  the  Omental  Bursa  (lesser  peritoneal  sac)  (Fig.  961).— A 
start  may  be  made  in  this  case  on  the  posterior  abdominal  wall  at  the  anterior 
border  of  the  pancreas.  From  this  region  the  peritoneum  may  be  followed  upward 
over  the  pancreas  on  to  the  inferior  surface  of  the  Diaphragma,  and  thence  on  to  the 
caudate  lobe  and  caudate  process  of  the  liver  to  the  fossa  from  the  ductus  venosus 
and  the  porta  of  the  liver.  Traced  to  the  right,  it  is  continuous  over  the  inferior 
vena  cava  with  the  posterior  wail  of  the  main  ca\it\'.  From  the  liver  it  is  carried 
downward  to  the  lesser  cur\-ature  of  the  stomach  and  the  commencement  of  the 
duodenum  as  the  posterior  layer  of  the  lesser  omentum,  and  is  continuous  on  the  ' 

right,  around  the  hepatic  artery,  bile  duct,  and  portal  vein,  with  the  anterior  layer  '^ 
of  this  omentum.  The  posterior  layer  of  the  lesser  omentum  is  carried  down  as  a  "^  • 
covering  for  the  postero-inferior  surfaces  of  the  stomach  and  commencement  of  the  **^^ 
duodenum,  and  is  continued  downward  as  the  deep  layer  of  the  gastrocolic  ligament  ^^^t 
or  greater  omentum.  From  the  free  margin  of  this  fold  it  is  reflected  upward  on  .''"^ssa 
itself  to  the  anterior  and  superior  surfaces  of  the  traiis\erse  colon,  and  thence  aa  ^'^'pt 
the  superior  la>er  of  the  transverse  mesocolon  to  the  anterior  border  of  the  pancreasj  ''^to 
the  level  from  which  a  start  was  made.     It  will  be  seen  that  the  loop  formed  bj(  '^ssj^ 

Vesse 
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the  wall  of  the  omental  bursa  below  the  trans\erse  colon  follows,  and  is  closely 
applied  to,  the  deep  surface  of  that  formed  by  the  peritoneum  of  the  main  cavity, 
and  that  the  greater  omentum  or  large  fold  of  peritoreum  which  hangs  in  front 
of  the  small  intestine  therefore  consists  of  four  layers,  two  anterior  and  two  posterior 
separated  by  the  potential  cavity  of  the  omental  bursa. 

Horiioutal  Diaposition  of  the  Peritoneum  —  Below  the  transverse  colon  the 
arrangement  is  simple,  as  it  includes  only  the  vnain  cavity;  above  the  level  of  the 
transverse  colon  it  is  more  complicated  on  a^i^nt  of  the  existence  of  the  omental 

regions,  viz., 


faces  of  the 

s  important 

'  the  sigmoid 

'  s  a  fold,  the 

'  the  rectum, 

the  bladder; 

ich  varies  in 

>neum  forms 

ds  extending 

3  are  known 

ritoneum  of 

^R  anterior  pelvic  wall  covers  the  superior  surface  of  the  bladder,  and  on  either 

Hide  of  this  viscus  forms  a  depression,  termed  the  paravesical  fosBa,  which  is  limited 

^terally  by  the  fold  of  peritoneum  covering  the  ductus  deferens.    The  size  of  this 

|fossa  is  dependent  on  the  state  of  distension  of  the  bladder;  when  the  bladder  is 

'^empty,  a  variable  fold  of  peritoneum,  the  plica  vesicalis  transversa,  divides  the  fossa 

F   into  two  portions.     On  the  peritoneum  between  the  paravesical  and  pararectal 

I   fossae  the  only  elevations  are  those  produced  by  the  ureters  and  the  hypogastric 

I  vessels.    (&)  In  the  female,  pararectal  and  paravesical  fossfe  similar  to  those  in  the. 
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male  are  present :  the  lateral  limit  of  the  paravesical  fossa  is  the  P«";t°°«™^*^^ 
ing  the  round  ligament  of  the  uterus.  The  rectovesical  excavafon  ^.  b°'«ver. 
f  id^  by  the  uLus  an.,  vagina  into  a  ->  — ^J^  .ffS:  tl^I^ 

fold,  the  torus  «t«inu«.  The  hr^  ligaments  extend  from  ^^^^'d^of^e  uterus 
to  the  lateral  walls  of  the  pelvis;  they  eontam  m  their  f«e  »«^^^  «^ 
tubes,  and  in  their  posterio?  layers  *e  ovaries.  ,f '^l  **^*  ^J^^^^amentea^ 
continuous  with  the  peritoneum  on  thfe>«teral  wal h  of  the  pelv  s  On  tiie  latera^ 
pelvic  wall  behind  the  attachment  of  ti^e  broad  hgamcnt.  m  the  ?«£-^«J 
the  elevations  produced  by  the  diverging^  hypogastric  and  external  ihae  vessels  is 
a  slight  fossa,  the  ovarian  fossa,  in  which  tfif  ^"^^  normally  lies. 


-~--^  bur 


(2)  In  th« 
level  of  the 
horizontal  d 
abdominal  v 
it  encloses  th 
of  the  ascen 
and  inferior 
teric  vessels 
front  of  the 
are  containe 
tinned  over 
and,  reachiu 

(3)  Intbe 

jrsa  is  superadded  to  the  general  sac,  and  the  communication  ot  the  two  cavities, 
ith  one  another  through  the  epiploic  foramen  can  be  demonstrated.  ^ 

(a)  Main  Cavity.^Commencing  on  the  posterior  abdominal  wall  at  the  inferior  ' 
vena  cava,  the  peritoneum  may  be  followed  to  the  right  over  the  front  of  the  I 
suprarenal  gland  and  upper  part  of  the  right  kidney  on  to  the  antero-lateral 
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abdominal  wall.  From  the  middle  line  of  the  anterior  wall  a  baekwardly  directed 
fold  encircles  the  obliterated  umbilical  vein  and  forms  the  falciform  ligament 
of  the  liver.  Continuing  to  the  left,  the  peritonemn  lines  the  antero-lateral 
abdominal  wall  and  covers  the  lateral  part  of  the  front  of  the  left  kidney,  and  is 
reflected  to  the  posterior  border  of  the  hilus  of  the  spleen  as  the  posterior  layer 
of  the  phrenicolienal  ligament.  It  can  then  be  traced  around  the  surface  of  the  spleen 
to  the  front  of  the  hilus,  and  thence  to  the  cardiac  end  of  the  greater  curvature 
of  the  stomach  as  the  anterior  layer  of  the  gastrolienal  ligament.  It  covers  the 
antero-superior  surfaces  of  the  stomach  and  commencement  of  the  duodenum, 
and  extends  up  from  the  lesser  curvature  of  the  stomach  to  the  liver  as  the  anterior 
layer  of  the  lesser  omentum. 

Leaser  omentum 

Falciform  ligament  of  liver 


Pastrolienal 
ligament 


Hepatic  artery 
bile  duct,  and 
portal  vein 


Epiploic 
foramen 

Inferior 
vena  cava 


Phrenicolienal  ligament 

Aorta 
Fio.  965. — Horixontal  dispoffltion  of  the  peritoneum  in  the  upper  part  of  the  abdomen. 


(6)  Omental  Bursa  (bursa  omerUalis;  lesser  peritoneal  sa>c), — On  the  posterior 
abdominal  wall  the  peritoneum  of  the  general  cavity  is  continuous  with  that  of 
the  omental  bursa  in  front  of  the  inferior  vena  cava.  Starting  from  here,  the 
bursa  may  be  traced  across  the  aorta  and  over  the  medial  part  of  the  front  of 
the  left  kidney  and  Diaphragma  to  the  hilus  of  the  spleen  as  the  anterior  layer 
of  the  phrenicolienal  ligament.  From  the  spleen  it  is  reflected  to  the  stomach  as 
the  posterior  layer  of  the  gastrosplenic  ligament.  It  covers  the  postero-inferior 
surfaces  of  the  stomach  and  commencement  of  the  duodenum,  and  extends 
upward  to  the  liver  as  the  posterior  layer  of  the  lesser  omentum;  the  right  margin 
of  this  layer  is  continuous  around  the  hepatic  artery,  bile  duct,  and  portal  vein, 
with  the  wall  of  the  general  cavity. 

The  epiploic  foramen  {foramen  epiploicvm;  foramen  of  Winslow)  is  the  passage  of 
communication  between  the  general  cavity  and  the  omental  bursa.  It  is  bounded 
in  front  by  the  free  border  of  the  lesser  omentum,  with  the  common  bile  duct, 
hepatic  artery,  and  portal  vein  between  its  two  layers;  behind  by  the  peritoneum 
covering  the  inferior  vena  cava;  above  by  the  peritoneum  on  the  caudate  process 
of  the  liver,  and  below  by  the  peritoneum  covering  the  commencement  of  the 
duodenum  and  the  hepatic  artery,  the  latter  passing  forward  below  the  foramen 
before  ascending  between  the  two  layers  of  the  lesser  omentum. 

The  boundaries  of  the  omental  bursa  will  now  be  evident.    It  is  bounded  in  front 
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from  above  downward,  by  the  caudate  lobe  of  the  liver,  the  lesser  omentum,  the 
stomach,  and  the  anterior  two  layers  of  the  greater  omentum.  Behind,  it  is  limited, 
from  below  upward,  by  the  two  posterior  layers  of  the  greater  omentum,  the  trans- 
verse colon,  and  the  ascending  layer  of  the  transverse  mesocolon,  the  upper  surface 
of  the  pancreas,  the  left  suprarenal  gland,  and  the  upper  end  of  the  left  kidney. 
To  the  right  of  the  oesophageal  opening  of  the  stomach  it  is  formed  by  that  part 
of  the  Diaphragma  which  supports  the  caudate  lobe  of  the  liver.  Laterally ,  the 
bursa  extends  from  the  epiploic  foramen  to  the  spleen,  where  it  is  limited  by 
the  phrenicolienal  and  gastrolienal  ligaments. 

The  omental  bursa,  therefore,  consists  of  a  series  of  pouches  or  recesses  to  which 
the  following  terms  are  applied:  (1)  the  vestibule,  a  narrow  channel  continued 
from  the  epiploic  foramen,  over  the  head  of  the  pancreas  to  the  gastropancreatic 
fold;  this  fold  extends  from  the  omental  tuberosity  of  the  pancreas  to  the  right 
side  of  the  fundus  of  the  stomach,  and  contains  the  left  gastric  artery  and  coronary 
vein;  (2)  the  superior  omental  recess,  between  the  caudate  lobe  of  the  liver  and  the 
Diaphragma;  (3)  the  liehal  recess,  between  the  spleen  and  the  stomach;  (4)  the 
inferior  omental  recess,  which  comprises  the  remainder  of  the  bursa. 

In  the  fetus  the  bursa  reaches  as  low  as  the  free  margin  of  the  greater  omentum, 
but  in  the  adult  its  vertical  extent  is  usually  more  limited  owing  to  adhesions 
between  the  layers  of  the  omentum.  During  a  considerable  part  of  fetal  life  the 
transverse  colon  is  suspended  from  the  posterior  abdominal  wall  by  a  mesentery 
of  its  own,  the  two  posterior  layers  of  the  greater  omentum  passing  at  this  stage 
in  front  of  the  colon.  This  condition  occasionally  persists  throughout  life,  but  as 
a  rule  adhesion  occurs  between  the  mesentery  of  the  transverse  colon  and  the  pos- 
terior layer  of  the  greater  omentum,  with  the  result  that  the  colon  appears  to  receive 
its  peritoneal  covering  by  the  splitting  of  the  two  posterior  layers  of  the  latter  fold. 
In  the  adult  the  omental  bursa  intervenes  betweeji  the  stomach  and  the  structures 
on  which  that  viscus  lies,  and  performs  therefore  the  functions  of  a  serous  bursa 
for  the  stomach. 

Numerous  peritoneal  folds  extend  between  the  various  organs  or  connect  them 
to  the  parietes;  they  serve  to  hold  the  viscera  in  position,  and,  at  the  same  time, 
enclose  the  vessels  and  nerves  proceeding  to  them.  They  are  grouped  under  the 
three  headings  of  ligaments,  omenta,  and  mesenteries. 

The  ligaments  will  be  described  with  their  respective  organs. 

There  are  two  omenta,  the  lesser  and  the  greater. 

The  lesser  omentum  {omentum  minus;  small  omentum;  gastrohepatic  omentum)  is  the 
duplicature  which  extends  to  the  liver  from  the  lesser  curvature  of  the  stomach  and 
the  commencement  of  the  duodenum.  It  is  extremely  thin,  and  is  continuous  with  the 
two  layers  of  peritoneum  which  cover  respectively  the  antero-superior  and  postero- 
inferior  surfaces  of  the  stomach  and  first  part  of  the  duodenum.  When  these 
two  layers  reach  the  lesser  curvature  of  the  stomach  and  the  upper  border  of  the 
duodenum,  they  join  together  and  ascend  as  a  double  fold  to  the  porta  of  the  liver; 
to  the  left  of  the  porta  the  fold  is  attached  to  the  bottom  of  the  fossa  for  the  ductus 
venosus,  along  which  it  is  carried  to  the  Diaphragma,  where  the  two  layers  separate 
to  embrance  the  end  of  the  oesophagus.  At  the  right  border  of  the  omentum  the 
two  layers  are  continuous,  and  form  a  free  margin  which  constitutes  the  anterior 
boundary  of  the  epiploic  foramen.  The  portion  of  the  lesser  omentum  extending 
between  the  liver  and  stomach  is  termed  the  hepatogastric  ligament,  while  that 
between  the  liver  and  duodenum  is  the  hepatoduodenal  ligament.  Between  the  two 
layers  of  the  lesser  omentum,  close  to  the  right  free  margin,  are  the  hepatic 
artery,  the  common  bile  duct,  the  portal  vein,  lymphatics,  and  the  hepatic  plexus  of 
nerves — all  these  structures  being  enclosed  in  a  fibrous  capsule  {Glisson^s  capsule). 
Between  the  layers  of  the  lesser  omentum,  where  they  are  attached  to  the 
stomach,  run  the  right  and  left  gastric  vessels. 
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The  fl^reater  omentum  {omentum  majus;  great  omentum;  gastrocolic  omentum)  is  the 
largest  peritoneal  fold.  It  consists  of  a  double  sheet  of  peritoneum,  folded  on  itself 
so  that  it  is  made  up  of  four  layers.  The  two  layers  which  descend  from  the  stomach 
and  commencement  of  the  duodenum  pass  in  front  of  the  small  intestines,  sometimes 
as  low  down  as  the  pelvis;  they  then  turn  upon  themselves,  and  ascend  again  as 
far  as  the  transverse  colon,  where  they  separate  and  enclose  that  part  of  the  intes- 
tine. These  individual  layers  may  be  easily  demonstrated  in  the  young  subject, 
but  in  the  adult  they  are  more  or  less  inseparably  blended.  The  left  border  of  the 
greater  omentum  is  continuous  with  the  gastrolienal  ligament;  its  right  border 
extends  as  far  as  the  commencement  of  the  duodenum.  The  greater  omentum  is 
usually  thin,  presents  a  cribriform  appearance,  and  always  contains  some  adipose 
tissue,  which  in  fat  people  accumulates  in  considerable  quantity.  Between  its 
two  anterior  layers,  a  short  distance  from  the  greater  curvature  of  the  stomach, 
is  the  anastomosis  between  the  right  and  left  gastroepiploic  vessels. 

The  mesenteries  are:  the  mesentery  proper,  the  transverse  mesocolon,  and  the 
sigmoid  mesocolon.  In  addition  to  these  there  are  sometimes  present  an  ascending 
and  a  descending  mesocolon. 

The  mesentery  proper  {Tnesenterium)  is  the  broad,  fan-shaped  fold  of  peritoneum 
which  connects  the  convolutions  of  the  jejunum  and  ileum  with  the  posterior  wall 
of  the  abdomen.  Its  root — ^the  part  connected  with  the  structures  in  front  of  the 
vertebral  column — ^is  narrow,  about  15  cm.  long,  and  is  directed  obliquely  from  the 
duodenojejunal  flexure  at  the  left  side  of  the  second  lumbar  vertebra  to  the  right 
sacroiliac  articulation  (Fig.  966).  Its  intestinal  border  is  about  6  metres  long;  and 
here  the  two  layers  separate  to  enclose  the  intestine,  and  form  its  peritoneal  coat. 
It  is  narrow  above,  but  widens  rapidly  to  about  20  cm.,  and  is  thrown  into  numerous 
plaits,  or  folds.  It  suspends  the  small  intestine,  and  contains  between  its  layers 
the  intestinal  branches  of  the  superior  mesenteric  artery,  with  their  accompanying 
veins  and  plexuses  of  nerves,  the  lacteal  vessels,  and  mesenteric  lymph  glands. 

The  transverse  mesocolon  {mesocolon  transversum)  is  a  broad  fold,  which  connects 
the  transverse  colon  to  the  posterior  wall  of  the  abdomen.  It  is  continuous  with 
the  two  posterior  layers  of  the  greater  omentum,  which,  after  separating  to  surround 
the  transverse  colon,  join  behind  it,  and  are  continued  backward  to  the  vertebral 
colimm,  where  they  diverge  in  front  of  the  anterior  border  of  the  pancreas.  Th?^ 
fold  contains  between  its  layers  the  vessels  which  supply  the  transverse  colon. 

The  sigmoid  mesocolon  {mesocolon  sigmoideum)  is  the  fold  of  peritoneum  which 
retains  the  sigmoid  colon  in  connection  with  the  pelvic  wall.  Its  line  of  attachment 
forms  a  V-shaped  curve,  the  apex  of  the  curve  being  placed  about  the  point  of 
division  of  the  left  common  iliac  artery.  The  curve  begins  on  the  medial  side  of 
the  left  Psoas  major,  and  runs  upward  and  backward  to  the  apex,  from  which  it 
bends  sharply  downward,  and  ends  in  the  median  plane  at  the  level  of  the  third 
sacral  vertebra.  The  sigmoid  and  superior  hemorrhoidal  vessels  run  between  the 
two  layers  of  this  fold. 

In  most  cases  the  peritoneum  covers  only  the  front  and  sides  of  the  ascending 
and  descending  parts  of  the  colon.  Sometimes,  however,  these  are  surrounded 
by  the  serous  membrane  and  attached  to  the  posterior  abdominal  wall  by  an 
ascending  and  a  descending  mesocolon  respectively.  A  fold  of  peritoneum,  the 
pbrenicocolic  ligament,  is  continued  from  the  left  colic  flexure  to  the  Diaphragma 
opposite  the  tenth  and  eleventh  ribs;  it  passes  below  and  serves  to  support  the 
spleen,  and  therefore  has  received  the  name  of  sustentaculum  lienis. 

The  appendices  epiploicae  are  small  pouches  of  the  peritoneum  filled  with  fat 
and  situated  along  the  colon  and  upper  part  of  the  rectum.  They  are  chiefly 
appended  to  the  transverse  and  sigmoid  parts  of  the  colon. 

Peritoneal  Recesses  or  Fosses  {retroperitoneal  fossae). — ^In  certain  parts  of  the 
abdominal  cavity  there  are  recesses  of  peritoneum  forming  culs-de-sac  or  pouches. 
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which  are  of  gurgieal  interest  in  connection  with  the  possibility  of  the  occurrence 
of  "retroperitoneal"  herniffi.  The  largest  of  these  is  the  omental  bursa  (already 
described),  but  several  others,  of  smaller  size,  require  mention,  and  may  be  divided 
into  three  groups,  viz. :  duodenal,  cecal,  and  intersifmoid. 


"5ir^ 


.^  SCutt'lfr'tfprTitotbun 


Fio.  006,— Diticrsm  dBvisol  by  D<l6piiie  M  ihoiir  the  UneB  sIod^  which  the  peritoneum  leivw  the  wilt  of  the  abdomen 

1.  Duodenal  Foflsse  (Figs.  967,  968).— Three  are  fairly  constant,  viz.:  (a)  The 
inferior  duodenal  fossa,  present  in  from  70  to  75  per  cent,  of  cases,  is  situated 
opposite  the  third  lumbar  vertebra  on  the  left  side  of  the  ascending  portion  of 
the  duodenum.  Its  opening  is  directed  upward,  and  is  bounded  by  a  thin  sharp 
fold  of  peritoneum  with  a  concave  margin,  called  the  duodenomesocolic  fold.  The 
tip  of  the  index  finger  introduced  into  the  fossa  under  the  fold  passes  some 
little  distance  behind  the  ascending  portion  of  the  duodenum.  (6)  The  saperior 
dnodenol  fossa,  present  in  from  40  to  50  per  cent,  of  cases,  often  coexists  with  the 
inferior  one,  and  its  orifice  looks  downward.  It  lies  on  the  left  of  the  ascending 
portion  of  the  duodenum,  in  front  of  the  second  lumbar  vertebra,  and  behind  a 
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sickle-shaped  fold  of  peritoneum,  the  duodenojejnnsl  fold,  and  has  a  depth  of  about 
2  cm.  (c)  The  dnodenajfljimal  fossa  exists  in  from  15  to  20  per  cent,  of  cases, 
but  has  never  yet  been  found  in  conjunction  with  the  other  forms  of  duodenal 
fossie;  it  can  be  seen  by  pulling  the  jejunum  downward  and  to  the  right,  after  the 

Itftri 


Ihiodtnomeaocol  ic 

fold 
Lefl  colic  arttry 
Tia.  967.— Suparior  and  infenoi  duodenal  fossB,     (Poirier  uul  Cbarpy.) 

transverse  colon  has  been  pulled  upward.  It  is  bounded  above  by  the  pancreas, 
to  the  right  by  the  aorta,  and  to  the  left  by  the  kidney;  beneath  is  the  left  renal 
vein.  It  has  a  depth  of  from  2  to  3  cm.,  and  its  orifice,  directed  downward  and  to 
the  right,  is  nearly  circular  and  will  admit  the  tip  of  the  little  finger. 


Bight 
dvodeno- 

metocolic 
fold 


2,  Cecal  Fosse  {pericecal  folds  or  fossa). — ^There  are  three  principal  pouches 
or  recesses  in  the  neighborhood  of  the  cecum  (Figs.  969  to  971) :  (a)  The  superior 
ileocflcal  fossa  is  formed  by  a  fold  of  peritoneum,  arching  over  the  branch  of  the 
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ileocolic  arterj-  which  supplies  the  ileocolic  junction.  The  fossa  is  a  narrow  chink 
situated  between  the  mesenterj'  of  the  small  intestine,  the  ileum,  and  the  small 
portion  of  the  cecum  behind.  (6)  The  inferior  ileocecal  fossa  is  situated  behind  the 
angle  of  junction  of  the  ileum  and  cecum.  It  is  formed  by  the  ileocecal  fold  of 
peritoneum  {bloodless  fold  of  Treves),  the  upper  border  of  which  is  fixed  to  the  ileum, 

opposite   its  mesenteric   attach- 
.  Anterior  ment,  while    the   lower   border, 

uprii'irirureca  passing  ovcf  the   ileocecal  junc- 

enttru        *^'*"'  j'"'"^  ^^^  mescnteriolc  of  the 
vermiform    process,    and   some- 
times the  process  itself.    Between 
this   fold  and   the   mesenteriole 
SupTior     of  the  vermiform  process  is  the 
■^^"^      inferior    ileocecal   fossa.     It     is 
Inferiar      bounded  above  by  the  posterior 
iu-oceeid      Surface  of  the  ileum  and  the  me- 
fold         sentery ;  in  front  and  below  by  the 
iieu,a       ileocecal  fold,  and  behind  by  the 
upper  part  of  the   mesenteriole 
of    the  vermiform  process,     (c) 
The  cecal  fossa  is  situated  im- 
mediately   behind    the    cecum, 
which  has  to  be  raised  to  bring 

Fio.  969.— Sui»rior  UBOwoal  foau.    (Poirier  Hnd  Chsrpy.)  it  iutO  vicW.      It  VaHeS   mUcH   in 

size  and  extent.  In  some  cases 
it  is  sufficiently  large  to  abmit  the  index  finger,  and  extends  upward  behind  the 
ascending  colon  in  the  direction  of  the  kidney;  in  others  it  is  merely  a  shallow 
depression.  It  is  bounded  on  the  right  by  the  cecal  fold,  which  is  attached  by 
one  edge  to  the  abdominal  wall  from  the  lower  border  of  the  kidney  to  the  iliac 
fossa  and  by  the  other  to  the  postero-lateral  aspect  of  the  colon.  In  some 
instances  additional  fosss,  the  retrocecal  fossa,  are  present. 


3.  The  intersicmold  fossa  {recess^is  intersignundens)  is  constant  in  the  fetus  and 
during  infancy,  but  disappears  in  a  certain  percentage  of  cases  as  age  advances. 
Upon  drawing  the  sigmoid  colon  upward,  the  left  surface  of  the  sigmoid  mesocolon 
is  exposed,  and  on  it  will  be  seen  a  funnel-shaped  recess  of  the  peritoneum,  lying 
on  the  external  iliac  vessels,  in  the  interspace  between  the  Psoas  and  Iliacus  muscles. 
This  is  the  orifice  leading  to  the  intersigmoid  fossa,  which  lies  behind  the  sigmoid 
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mesocolon,  and  in  front  of  the  parietal  peritoneum.  The  fossa  varies  in  size;  in 
some  instances  it  is  a  mere  dimple,  whereas  in  others  it  will  admit  the  whole  of  the 
index  finger. 

Injerior  iUocacut 


Tior  ileocceail  frm 
■MtUtrioU  of 
J/orni  procei-i 


Fia.  071 . — The  cwcal  toau.     The  ilauia  uid  onoum  m  dnna  backvard  ud  upHud.     (Soulignui.) 

Appli^  Aiutomj. — Aoy  of  these  fosBte  may  be  the  site  of  a  "retroperitoDeal"  hemia.  The 
eeoal  foes»  are  of  special  interest,  because  hernia  of  the  vermiform  process  frequently  takee 
place  into  one  of  them,  and  it  may  there  become  strangulated.  The  presence  of  these  pouches 
also  eicplains  the  course  which  pus  has  been  known  to  take  in  cases  of  perforation  of  the  vermi- 
form process^  where  it  Iraveb  upward  behind  the  ascending  colon  as  far  as  the  DiE4>bragmB-' 

The  StomMh  ( Ventricnlos ;  Oaster). 

The  Btomaeli  is  the  most  dilated  part  of  the  digestive  tube,  and  is  situated  between 
the  end  of  the  oesophagus  and  the  beginning  of  the  small  intestine.  It  lies  in  the 
epigastric,  umbilical,  and  left  hypochondriac  regions  of  the  abdomen,  and  occupies 
a  recess  bounded  by  the  upper  abdominal  viscera,  and  completed  in  front  and  on 
the  left  side  by  the  anterior  abdominal  wal!  and  the  Diaphragma. 

The  shape  and  position  of  the  stomach  are  so  greatly  modified  by  changes  within 
itself  and  in  the  surrounding  viscera  that  no  one  form  can  be  described  as  typical. 
The  chief  modifications  are  determined  by  (1)  the  amount  of  the  stomach  contents, 
(2)  the  stage  which  the  digestive  process  has  reached,  (3)  the  degree  of  develop- 
ment of  the  gastric  musculature,  and  (4)  the  condition  of  the  adjacent  intestines. 
It  is,  however,  possible  by  comparing  a  series  of  stomachs  to  determine  certain 
markings  more  or  less  common  to  all  (Figs.  972,  973). 

The  stomach  presents  two  openings,  two  borders  or  cnrvatures,  and  two  sorfacea. 

Openings. — The  opening  by  which  the  cesophagus  communicates  with  the 
stomach  is  known  as  the  cardiac  orifice,  and  is  situated  on  the  left  of  the  middle 
line  at  the  level  of  the  tenth  thoracic  vertebra.  The  short  abdominal  portion  of  the 
oesophagus  (antTum  cardiacum)  is  conical  in  shape  and  curved  sharply  to  the  left, 
the  base  of  the  cone  being  continuous  with  the  cardiac  orifice  of  the  stomach. 
The  right  margin  of  the  oesophagus  is  continuous  with  the  lesser  curvature  of  the 

■  On  the  •oBtODiy  of  tb«e  foen.  tea  the  Anii  and  Gale  Lectung  by  Moyidbao,  ISW. 


1162 


SPLANCHNOLOGY 


stomach,  while  the  left  margin  joins  the  greater  curvature  at  an  acute  angle,  termed 
the  incisura  cardiaca. 

The  pyloric  orifice  communicates  with  the  duodenum,  and  its  position  is  usually 
indicated  on  the  surface  of  the  stomach  by  a  circular  groove,  the  duodenopyloric 
constriction.  This  orifice  lies  to  the  right  of  the  middle  line  at  the  level  of  the  upper 
border  of  the  first  lumbar  vertebra. 

Curvatures. — ^The  lesser  curvature  (curvatura  ventriculi  minor),  extending  between 
the  cardiac  and  pyloric  orifices,  forms  the  right  or  posterior  border  of  the  stomach. 
It  descends  as  a  continuation  of  the  right  margin  of  the  oesophagus  in  front  of  the 
fibres  of  the  right  crus  of  the  Diaphragma,  and  then,  turning  to  the  right,  it  crosses 
the  first  lumbar  vertebra  and  ends  at  the  pylorus.  Nearer  its  pyloric  than  its 
cardiac  end  is  a  well-marked  notch,  the  incisura  angularis,  which  varies  somewhat 
in  position  with  the  state  of  distension  of  the  viscus;  it  serves  to  separate  the 
stomach  into  a  right  and  a  left  portion.  The  lesser  curvature  gives  attachment 
to  the  two  layers  of  the  hepatogastric  ligament,  and  between  these  two  layers  are 
the  left  gastric  artery  and  the  right  gastric  branch  of  the  hepatic  artery. 


Antrum  cardiacum 


hungura  angularis     a 


PyloroduodenaZ 
openiruj 

Pyloric  antrum 
Sulcus  intermedium 


Pyloric  part 

Fig.  972. — Outline  of  stomach,  showing  its  anatomical 

landmarks. 


Ineistira 
aiiffularit 


Pylorus 


Mu8ctilar  eongtrietion  oehreen 
cardiac  and  pyloric  portions 


FiQ.  073. — Outline  of  stomadi  at  an  early  stage  of 

gastric  digestion. 


The  greater  curvature  (curvatura  ventrumli  major)  is  directed  mainly  forward, 
and  is  four  or  five  times  as  long  as  the  lesser  curvature.  Starting  from  the  cardiac 
orifice  at  the  incisura  cardiaca,  it  forms  an  arch  backward,  upward,  and  to  the  left; 
the  highest  point  of  the  convexity  is  on  a  level  with  the  sixth  left  costal  cartilage. 
From  this  level  it  may  be  followed  downward  and  forward,  with  a  slight  convexity 
to  the  left  as  low  as  the  cartilage  of  the  ninth  rib;  it  then  turns  to  the  right,  to  the 
end  of  the  pylorus.  Directly  opposite  the  incisura  angularis  or  the  lesser  curva- 
ture the  greater  curvature  presents  a  dilatation,  which  is  the  left  extremity  of  the 
pyloric  part;  this  dilatation  is  limited  on  the  right  by  a  slight  groove,  the  sulcus 
intermedins,  which  is  about  2.5  cm,  from  the  duodenopyloric  constriction.  The 
portion  between  the  sulcus  intermedius  and  the  duodenopyloric  constriction  is 
termed  the  pyloric  antrum.  At  its  commencement  the  greater  curvature  is  covered 
by  peritoneum  continuous  with  that  covering  the  front  of  the  organ.  The  left 
part  of  the  curvature  gives  attachment  to  the  gastrolienal  ligament,  while  to  its 
anterior  portion  are  attached  the  two  layers  of  the  greater  omentum,  separated 
from  each  other  by  the  gastroepiploic  vessels. 

Surfaces. — When  the  stomach  is  in  the  contracted  condition,  its  surfaces  are 
directed  upward  and  downward  respectively,  but  when  the  viscus  is  distended  they 
are  directed  forward,  and  backward.  They  may  therefore  be  described  as  antero- 
superior  and  postero-inferior. 

Antero-superior  Surface. — ^The  left  half  of  this  surface  is  in  contact  with  the 
Diaphragma,  which  separates  it  from  the  base  of  the  left  lung,  the  pericardium. 
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and  the  seventh,  eighth,  and  ninth  ribs,  and  intercostal  spaces  of  the  left  side.  The 
right  half  is  in  relation  with  the  left  and  quadrate  lobes  of  the  liver  and  with  the 
anterior  abdominal  wall.  When  the  stomach  is  empty,  the  transverse  colon  may 
lie.  on  the  front  part  of  this  sm'face.  The  whole  surface  is  covered  by  peritoneum. 
The  Postexo-inferior  Surface  is  in  relation  with  the  Diaphragma,  the  spleen, 
the  left  suprarenal  gland,  the  upper  part  of  the  front  of  the  left  kidney,  the  anterior 
surface  of  the  pancreas,  the  left  colic  flexure,  and  the  upper  layer  of  the  transverse 
mesocolon.  These  structures  form  a  shallow  bed,  the  stomach  bed,  on  which  the 
viscus  rests.  The  transverse  mesocolon  separates  the  stomach  from  the  duodeno- 
jejunal flexure  and  small  intestine.  The  postero-inferior  surface  is  covered  by 
peritoneum,  except  over  a  small  area  close  to  the  cardiac  orifice;  this  area  is  limited 
by  the  lines  of  attachment  of  the  gastrophrenic  ligament,  and  lies  in  apposition 
with  the  Diaphragma,  and  frequently  with  the  upper  portion  of  the  left  supra- 
renal gland. 

Component  Parts  of  the  Stomach. — The  stomach  is  capable  of  subdivision  into  distinctive 
parts,  and  the  divisions  may  be  made  on  either  anatomical  or  clim'cal  grounds. 

Anatomical  Svbdiviiions. — ^A  plane  passing  through  the  incisura  angularis  on  the  lesser  curva- 
ture and  the  left  limit  of  the  opposed  dilatation  on  the  greater  curvature  divides  the  stomach 
into  a  left  portion  or  body  and  a  right  or  pyloric  portion.  The  left  portion  of  the  body  is  known 
as  the  fondus,  and  is  marked  off  from  the  remainder  of  the  body  by  a  plane  passing  horizon- 
tally through  the  cardiac  orifice.  The  pyloric  portion  is  divided  by  a  plane  through  the  sulcus 
intermedins  at  right  angles  to  the  long  axis  of  this  portion;  the  part  to  the  right  of  this  plane 
is  the  pyloric  antnim  (Fig.  972). 

CliniaU  SuhdiviaUms. — If  the  stomach  be  examined  during  the  process  of  digestion  it  will  be 
found  divided  by  a  muscular  constriction  into  a  large  dilated  left  portion,  and  a  narrow  con- 
tracted tubular  right  portion.  The  constriction  is  in  the  body  of  the  stomach,  and  does  not 
follow  any  of  the  anatomical  landmarks;  indeed,  it  shifts  gradually  toward  the  left  as  digestion 
progresses,  i,  e.,  more  of  the  body  is  gradually  absorbed  into  the  tubular  part.  These  two  por- 
tions are  known  as  the  fondus  and  pyloric  portions.  It  will  be  seen  therefore  that  the  clinical 
fundus  includes  the  anatomical  fundus  and  the  proximal  part  of  the  body,  while  the  clinical 
pyloric  portion  comprises  the  distal  part  of  the  body,  and  the  anatomical  pyloric  part  (Fig.  973). 

Position  of  the  Stomach. — ^The  position  of  the  stomach  varies  with  the  posture,  with  the 
amoimt  of  the  stomach  contents  and  with  the  condition  of  the  intestines  on  which  it  rests.  In 
the  erect  posture  the  empty  stomach  is  somewhat  J-shaped;  the  part  above  the  cardiac  orifice 
is  usually  distended  with  gas;  the  pylorus  descends  to  the  level  of  the  second  lumbar  vertebra 
and  the  most  dependent  part  of  the  stomach  is  at  the  level  of  the  umbilicus.  Variation  in  the 
amount  of  its  contents  affects  mainly  the  cardiac  portion,  the  pyloric  portion  remaining  in  a  more 
or  less  contracted  condition  during  the  process  of  digestion.  As  the  stomach  fills  it  tends  to 
expand  forward  and  downward  in  the  direction  of  least  resistance,  but  when  this  is  interfered 
with  by  a  distended  condition  of  the  colon  or  intestines  the  fundus  presses  upward  on  the  liver 
and  Diaphragma  and  gives  rise  to  the  feelings  of  oppression  and  palpitation  complained  of  in 
such  cases.  His^  and  Cunningham'  have  shown  by  hardening  the  viscera  in  situ  that  the  con- 
tracted stomach  has  a  sickle  shape,  the  fundus  looking  directly  backward.  The  smfaces  are 
directed  upward  and  downward,  the  upper  suriace  having,  however,  a  gradual  do¥niward  slope 
to  the  right.    The  greater  curvatiure  is  in  front  and  at  a  slightly  higher  level  than  the  lesser. 

The  position  of  the  full  stomach  depends,  as  already  indicated,  on  the  state  of  the  intestines; 
when  these  are  empty  the  fundus  expands  vertically  and  also  forward,  the  pylorus  is  dii^laced 
toward  the  right  and  the  whole  organ  assiunes  an  oblique  position,  so  that  its  surfaces  are  directed 
more  forward  and  backward.  The  lowest  part  of  the  stomach  is  at  the  pyloric  vestibule,  which 
reaches  to  the  region  of  the  umbilicus.  Where  the  intestines  interfere  with  the  do¥niward 
expansion  of  the  fundus  the  stomach  retains  the  horizontal  position  which  is  characteristic  of 
the  contracted  viscus. 

Examination  of  the  stomach  during  life  by  x-rays  has  confirmed  these  findings,  and  has 
demonstrated  that,  in  the  erect  posture,  the  full  stomach  usually  presents  a  hook-like  appear- 
ance, the  long  axis  of  the  clinical  fundus  being  directed  downward,  medialward,  and  forward 
toward  the  lunbiUcus,  while  the  pyloric  portion  curves  upward  to  the  duodenopyloric  junction. 

Intorior  of  the  Stomach. — When  examined  after  death,  the  stomach  is  usually  fixed  at  some 
temporary  stage  of  the  digestive  process.  A  common  form  is  that  shown  in  Fig.  974.  If  the 
viscus  be  laid  open  by  a  section  through  the  plane  of  its  two  curvatures,  it  is  seen  to  consist  of 
two  segments:    (a)  a  large  globular  portion  on  the  left  and  (6)  a  narrow  tubular  part  on  the 

>  Archiv  far  Anatomie  und  Physiologie,  anat.  Abth.,  1903. 

'  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xlv,  part  i. 
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right.  These  correapond  to  the  cliuicBi  eubdivigions  of  fundus  and  pyloric  portions  already 
deecribed,  and  are  separated  by  a  coDstriction  which  indents  the  body  and  greater  curvature, 
but  does  not  involve  the  leaser  curvature.  To  the  left  of  the  cardiac  orifice  is  the  incisura 
cardiacai  the  projection  of  this  notch  into  the  cavity  of  the  stomach  increases  as  the  organ 
disteoda,  and  has  been  euppoeed  to  act  as  a  valve  preventing  regurgitation  into  the  tEBophagus. 
In  the  pyloric  portion  are  seen:  (a)  the  elevation  corresponding  to  the  incisura  angularis,  and 
(b)  the  circular  projection  from  the  duodenopyloric  constriction  which  forms  the  pyloric  valve; 
the  separation  of  the  pyloric  antrum  from  the  rest  of  the  pyloric  part  is  scarcely  indicated. 

The  pyloric  taIts  {valvula  pylori)  is  formed  by  a  reduplication  of  the  mucous 
membrane  of  tbe  stomach,  covering  a  muscular  ring  composed  of  a  thickened  por- 
tion of  the  circular  layer  of  the  muscular  coat.  Some  of  the  deeper  longitudinal 
fibres  turn  in  and  interlace  with  the  circular  fibres  of  the  valve. 


Fjo.  071.— Interior  o[  Ihe  itoRiiiEh. 

StmetiiM. — The  wall  of  the  stomach  consists  of  four  coats:  saronfl,  mtuenUr,  umUi,  and 
maeons,  together  with  vessels  and  nerves. 

The  BBTOna  eoat  C(un?ca  serosa)  is  derived  from  the  peritoneum,  and  covers  the  entire  surface 
of  the  organ,  excepting  along  the  greater  and  lesser  curvatures  at  the  points  of  attachment  of 
the  greater  and  leaser  omenta;  here  the  two  layers  of  peritoneum  leave  a  small  triangular  apace, 
along  which  tbe  nutrient  vessels  and  nerves  pass.  On  tbe  posterior  surface  of  the  stomach, 
close  to  the  cardiac  orifice,  there  is  also  a  small  area  uncovered  by  peritoneum,  where  the  organ 
is  in  contact  with  the  under  surface  of  the  Diaphragma. 

The  mnacnlar  eoat  (tunica  muscularie)  (Figs.  975,  976)  is  situated  immediately  beneath  tbe 
serous  covering,  with  which  it  is  closely  connected.  It  consists  of  three  seta  of  fibrea:  longU 
tudinal,  circular,  and  oblique. 

The  iojigitudiruil  fibres  {stratum  tongiludinale)  are  the  most  superficial,  and  are  arranged  in 
two  sets.  The  first  set  consists  of  fibrca  continuous  with  the  longitudinal  fibres  of  the  cesophagus; 
they  radiate  in  a  stellate  manner  from  the  cardiac  orifice  and  are  practically  all  lost  before  the 
pyloric  portion  is  reached.  Tbe  second  set  commences  on  the  body  of  the  stomach  and  paasee 
to  the  right,  its  fibres  becoming  more  thickly  distributed  as  they  approach  the  pylorus.  Some 
of  the  more  superficial  fibres  of  this  set  pass  on  to  tbe  duodenum,  but  the  deeper  fibres  dip  inward 
and  interlace  with  the  circular  fibres  of  the  pyloric  vaive. 

The  circular  fibres  (itratam  drculare)  form  a  uniform  layer  over  the  whole  extent  of  tbe  stomach 
beneath  the  longitudinal  fibres.  At  the  pylorus  they  are  most  abundant,  and  are  aggregated  into 
a  circular  ring,  which  projects  into  the  lumen,  and  forms,  with  tbe  fold  of  mucous  membrane 
covering  its  surface,  the  pylone  valve.  They  are  continuous  with  the  circular  fibres  of  the 
ceeopbagus,  but  are  sharply  marked  off  from  the  circular  fibrca  of  the  duodenum. 

The  obtupie  fibres  (fibrae  obliqwK)  internal  to  the  circular  layer,  are  limited  chiefly  to  the 
cardiac  end  of  tbe  stomach,  where  they  are  disposed  as  a  thick  uniform  layer,  covering  both 
surfaces,  some  passing  obUquely  from  left  to  right,  others  from  right  to  left,  around  the  cardiac 
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The  u«olftr  or  snbmusoiu  coftt  (tela  submucoaa)  consists  of  a  looee,  areolar  tissue,  connectinK 
the  mucous  aod  muscular  layers. 

The  moeotu  mombniie  {tunica  mucosa)  is  thick  and  its  surface  is  smooth,  soft,  and  velvety. 
In  the  freflh  state  it  is  of  a  pinkish  tinge  at  the  pyloric  end,  and  of  a  red  or  reddish-brown  color 


Fis.  07S.~The  loiwitudiDalHnd  circular  DiuHniluGbna  of  the  itomach.  viewed  franisbove  and  in  front.  (8p4lMhola.) 

ovet  the  rest  of  its  surface.  In  infancy  it  is  of  a  brighter  hue,  the  vascular  redness  being  more 
marked.  It  is  thin  at  the  cardiac  extremity,  but  thicker  toward  the  pylorus.  During  the  ex- 
tracted state  of  the  organ  it  is  thrown  into  numerous  plaits  or  rugs,  which,  for  the  moat  part, 


have  a  longitudinal  direction,  and  are  most  marked  toward  the  pyloric  end  of  the  stomach, 
and  along  the  greater  curvature  (Fig.  974).  These  folds  are  entirely  obliterated  when  the  oi^an 
becomes  distended. 
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Strudure  of  the  Mucout  MembraTie. — When  examiiied  with  a  lena,  the  inner  surface  of  the 
mucoua  membrane  presents  a  peculiar  honeycomb  appearance  from  being  covered  with  amall 
shallow  depreasionfl  or  alveoli,  of  a  polygonal  or  hexagonal  form,  which  vary  from  0.12  to  0.25 
mm.  in  diameter.  These  are  the  ducts  of  the  gastric  glands,  and  at  the  bottom  of  each  may  be 
seen  one  or  more  minute  orifices,  the  openings  of  the  gland  tubes.  The  surface  of  the  mucous 
membrane  is  covered  by  a  single  layer  of  columnar  epithehum  with  occasional  goblet  cells.  This 
epithelium  commencee  very  abruptly  at  the  cardiac  orifice,  where  there  is  a  sudden  transition 
from  the  stratified  epithehum  of  the  (Esophagus.  The  epithelial  lining  of  the  gland  ducts  is  of 
the  same  character  and  is  continuous  with  the  general  epithehal  lining  of  the  stomach  (Fig.  97B). 

Tha  Oastrie  Qlandi. — The  gastric  glands  are  of  three  kinds:  (a)  pyloric,  (b)  canUfte,  and  (c) 
fnudtu  or  osyntic  gl&ndi,  They  are  tubular  in  character,  and  are  formed  of  a  delicate  basement- 
membrane,  coDsisting  of  flattened  transparent  endothelial  cells  lined  by  epithelium.  The  pylorle 
(tuidl  CFig.  978)  are  found  in  the  pyloric  portion  of  the  stomach.  They  consist  of  two  or 
three  short  closed  tubes  opening  into  a  common  duct  or  mouth.  These  tubes  are  wavy,  and 
are  about  one-half  the  length  of  the  duct.  The  duct  is  lined  by  columnar  cells,  continuous 
with  the  epithelium  lining  the  surface  of  the  mucous  membrane  of  the  stomach,  the  tubes 
by  shorter  and  more  cubical  cell  which  are  finely  granular.  The  GUdiac  fUndl  (Fig.  977), 
few  in  number,  occur  close  to  the  cardiac  oriRce.    They  are  of  two  kinds:    (1)  simple  tubular 


glands  resembling  those  of  the  pyloric  end  of  the  stomach,  but  with  short  ducts;  (2)  com- 
pound racemose  glands  resembling  the  duodenal  glands.  The  tandtu  (l&ndl  (Fig.  979)  are 
found  in  the  body  and  fundus  of  the  stomach;  they  are  simple  tubes,  two  or  more  of  which 
open  into  a  single  duct.  The  duct,  however,  in  these  glands  is  shorter  than  in  the  pyloric 
variety,  sometimes  not  amounting  to  more  than  one-sixth  of  the  whole  length  of  the  gland; 
it  is  lined  throughout  by  columnar  epitheljupi.  The  gland  tubes  are  straight  and  parallel  to  each 
other.  At  the  point  where  they  open  into  the  duct,  which  is  termed  the  neck,  the  epithelium 
alters,  and  consists  of  short  columnar  or  polyhedral,  granular  cells,  which  almost  Rll  the  tube, 
so  that  the  lumen  becomes  suddenly  constricted  and  is  continued  down  as  a  very  fine  channel. 
They  are  known  as  the  chisf  or  csntral  eella  of  the  glands.  Between  these  cells  and  the  basement- 
membrane,  larger  oval  cells,  which  stain  deeply  with  eowin,  arc  found;  these  cells  are  studded 
throughout  the  tube  at  intervals,  giving  it  a  beaded  or  ^'aricose  appearance.  These  are  known 
as  the  puistal  or  oxyntk  CoIIb,  and  they  are  connected  with  the  lumen  by  fine  channels  which  run 
into  their  substance.  Between  the  glan<ls  the  mucous  membrane  consists  of  a  connective-tissue 
frame-work,  with  lymphoid  tissue.  In  places,  this  latter  tissue,  especially  in  early  life,  is  collected 
into  httle  masses,  which  to  a  certain  extent  re.^mble  the  solitary  nodules  of  the  intestine,  and  are 
termed  the  lenticulAr  fluids  of  the  stomach.  They  are  not,  however,  so  distinctly  circumscribed 
as  the  solitary  nodules.  Beneath  the  mucous  membrane,  and  between  it  and  the  submucous 
coat,  is  a  thin  stratum  of  involuntary  muscular  fibre  {jnuicularii  nmcoaae),  which  in  some  parts 
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coQsiste  only  of  a  aingle  longitudinal  l&yer ;  in  othere  of  two  layers,  an  inner  circular  and  on  outa 
lon^tudinal. 

TouoU  and  N«rTM. — The  arteries  supplying  the  Btomach  are:  the  left  gastric,  the  right 
gaBtric  and  right  gastroepiploic  branches  of  the  hepatic,  and  the  left  gastroepiploic  and  short 
gHstric  branches  of  the  lienal.  They  supply  the  muscular  co&t,  ramify  in  the  submucouB  coat,  and 
are  finally  distributed  to  the  mucous  membrane.  The  arrangement  of  the  vessels  in  the  mucous 
membrane  is  somewhat  peculiar.  The  arteries  break  up  at  the  base  of  the  gastric  tubules  into 
a  plexus  of  fine  capillaries  which  run  upward  between  the  tubules,  anastomosing  with  each  other, 
and  ending  in  a  plexus  of  larger  capillaries,  which  surround  the  mouths  of  the  tubes,  and  also 
form  hexagonal  meshes  around  the  ducts.  From  these  the  Tans  arise,  and  pursue  a  straight 
coune  downward,  between  the  tubules,  to  the  submucous  tissue;  they  end  either  in  the  lienal 
and  superior  mesenteric  veins,  or  directly  in  the  portal  vein.  The  lymphatlei  are  numerous: 
they  consist  of  a  superficial  and  a  deep  set,  and  pass  to  the  lymph  glands  found  along  the  two 
csurvaturee  of  the  organ  (page  792).      The  narrra  are  the  terminal  branches  of  the  right  and  left 
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vagi,  the  former  being  distributed  upon  the  back,  and  the  latt«r  upon  the  front  part  ot  the  organ. 
A  gr^t  number  of  branches  from  the  celiac  plexus  of  the  sympathetic  are  also  distributed  to 
It.  _  Nerve  plexuses  are  found  in  the  submucous  coat  dnd  between  the  layers  of  the  muscular  coat 
as  m  the  mt«tme.  From  these  plexuses  fibrils  are  distributed  to  the  muscular  tissue  and  the 
mucous  membrane. 

Allied  Anatomy.— Operations  on  the  stomach  are  frequently  performed.  By  gaitroUimy  b 
meant  an  incision  into  the  stomach  for  the  removal  of  a  foreign  body,  the  opening  being  imme- 
diately Wlerward  closed— in  contradistinction  to  ga^trottomy,  the  making  of  a  more  or  less  per- 
manent nstulous  openmg.  Gasirolomy  is  probably  best  performed  by  an  incision  in  the  linea  alba, 
^Wiauy  U  the  foreign  body  be  large,  but  may  be  performed  by  an  incision  over  the  foreign 
Doay  IWCii,  Where  this  can  be  felt,  or  by  one  of  the  incisions  for  gastrostomy  mentioned  below. 
ine  penwineal  cavity  is  opened,  and  the  point  at  which  the  stomach  is  to  be  incised  decided 
upon,  inis  portion  is  then  brought  out  of  the  abdominal  wound,  and  gauze  is  carefully  packed 
^^,7,;^  ^''!.'*«n^'>  "  now  opened  by  a  transverse  incision  and  the  foreign  body  extracted, 
ine  wouna  in  the  stomach  is  then  closed  by  Lembert's  sutures,  t.  «.,  by  sutures  passed  through 
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the  peritoneal  and  muscular  coats  in  such  a  way  that  the  peritoneal  surfaces  on  each  side  of  the 
wound  are  brought  into  apposition.  In  gastrostomy ,  the  incision  is  commenced  opposite  the  eighth 
left  intercostal  space,  5  cm.  from  the  median  line.,  and  carried  downward  for  7.5  cm.  By  this 
incision  the  fibres  of  the  Rectus  abdominis  are  exposed,  and  these  are  separated  in  the  same 
hne.  The  posterior  layer  of  the  sheath,  the  Transversus  muscle  and  transversalis  fascia,  and 
the  peritoneum  are  then  divided,  and  the  peritoneal  cavity  opened.  The  anterior  wall  of  the 
stomach  is  now  seized  and  drawn  out  of  the  wound,  and  a  silk  suture  passed  through  its  mus- 
cular and  serous  coats  at  the  point  selected  for  opening  the  viscus.  This  is  held  by  an  assistant 
so  that  a  long  conical  diverticulum  of  the  stomach  protrudes  from  the  external  wound,  and  the 
parietal  peritonemn  and  the  posterior  layer  of  the  sheath  of  the  Rectus  are  sutured  to  it.  A 
second  incision  is  made  through  the  skin^  over  the  margin  of  the  costal  cartilage,  above  and  a 
little  to  the  outer  side  of  the  first  incision.  A  tract  is  made  under  the  skin  through  the  subcu- 
taneous tissue  from  the  one  opening  to  the  other,  and  the  diverticulum  of  the  stomach  is  drawn 
along  this  tract  by  means  of  the  suture  inserted  into  it,  so  that  its  apex  appears  at  the  second 
opening.  A  small  perforation  is  now  made  into  the  stomach  through  this  protruding  apex,  and 
its  margins  are  carefully  and  accurately  sutured  to  the  edge  of  the  external  woimd.  The  remainder 
of  this  incision  and  the  whole  of  the  first  incision  are  then  closed  in  the  ordinary  way  and  the 
woimd  dressed. 

In  cases  of  gastric  ulcer  perforation  sometimes  takes  place,  and  this  was  formerly  regarded 
as  an  almost  fatal  complication.  In  the  present  day,  by  opening  the  abdomen  and  closing  the 
perforation,  which  is  generally  situated  on  the  anterior  surface  of  the  stomach,  a  considerable 
number  of  cases  are  cured,  provided  the  operation  is  done  not  longer  than  twelve  or  fifteen 
hours  after  the  perforation  has  taken  place.  The  opening  is  best  closed  by  bringing  the  peritoneal 
surfaces  on  either  side  into  apposition  by  means  of  Lembert's  sutures.  Free  drainage  of  the 
peritoneal  cavity  should  be  established  at  the  same  time. 

Excision  of  the  pylorus  has  occasionally  been  performed,  but  the  results  of  this  operation  are 
by  no  means  favorable,  and,  in  cases  of  cancer  of  the  pylorus,  before  operative  proceedings  are 
undertaken,  the  tumor  has  become  so  fixed  and  has  so  far  implicated  surrounding  parts  that 
removal  of  the  pylorus  is  impossible  and  gastroenterostomy  has  to  be  substituted.  The  object 
of  this  operation  is  to  make  a  fistulous  communication  between  the  stomach,  on  the  cardiac  side 
of  the  disease,  and  the  small  intestine,  as  high  up  as  is  possible.  In  cases  of  cancer  of  the  stomach 
involving  other  parts  than  the  pylorus,  the  question  of  removing  the  whole  or  greater  part  of 
the  stomach  has  to  be  considered.  This  operation  has  been  performed  by  Schlatter  and  others 
with  success. 

Hypertrophy  and  spasm  of  the  circumferential  muscular  coat  of  the  pylorus  coming  on  during 
the  first  few  weeks  or  months  of  life,  and  somewhat  erroneously  described  as  congenital  hyper- 
trophic stenosis  of  the  pyloruSf  is  a  serious  disorder  of  infancy.  It  is  characterized  by  abdominal 
pains  and  obstinate  vomiting  coming  on  after  food  has  been  given.  Gastric  peristalsis  can  be 
observed  by  inspection  of  the  child's  epigastrium  after  it  has  been  fed  and  before  vomiting  has 
occurred.  Progressive  wasting  for  want  of  nourishment  and  death  from  exhaustion  tend  to 
ensue.  Treatment  should  be  by  washing  out  the  stomach,  and  the  administration  at  frequent 
intervals  of  small  quantities  of  easily  digested  food,  so  as  to  minimize  irritation  of  the  gastric 
mucous  membrane.  Surgical  interference  entailing  a  severe  operation,  gives  favorable  results 
in  a  small  proportion  of  cases. 

The  stomach  is  seldom  ruptured  from  external  violence  on  account  of  its  protected  position. 
If  it  occurs,  it  is  when  the  organ  is  distended  with  food.  The  stomach  is  sometimes  injured  in 
gunshot  wounds.  There  is  intense  shock  and  severe  pain,  localized  at  first  at  the  seat  of  the 
injiuy,  but  soon  radiating  over  the  whole  abdomen.  The  treatment  consists  of  opening  the 
peritoneal  cavity,  clearing  away  all  the  extruded  contents  of  the  stomach,  and  repairing  the 
rent. 

The  Small  Intestine  (Intestinum  Tenue). 

The  small  intestine  is  a  convoluted  tube,  extending  from  the  pylorus  to  the  colic 
valve,  where  it  ends  in  the  large  intestine.  It  is  about  6  metres  long,^  and  gradually 
diminishes  in  size  from  its  commencement  to  its  termination.  It  is  contained  in 
the  central  and  lower  part  of  the  abdominal  cavity,  and  is  surrounded  above  and 
at  the  sides  by  the  large  intestine;  a  portion  of  it  extends  below  the  superior 
aperture  of  the  pelvis  and  lies  in  front  of  the  rectum.  It  is  in  relation,  in  front,  with 
the  greater  omentum  and  abdominal  parietes,  and  is  connected  to  the  vertebral 

1  Treves  staten  that,  in  one  hundred  caaes,  the  average  length  of  the  small  intestine  in  the  adult  male  was  22  feet 
6  inches,  and  in  the  adult  female  23  feet  4  inches:  but  that  it  varies  very  much,  the  extremes  in  the  male  beizig  31  feet 
10  inches,  and  15  feet  6  inches.  He  states  that  in  the  adult  the  length  of  the  bowel  is  independent  of  age,  height ,  and 
weight. 
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column  by  a  fold  of  peritoneum,  the  meBenteij.  The  small  intestine  is  divisible 
into  three  portions:  the  duodenum,  the  jejunnm,  and  the  ileum. 

The  Daodemim  (Fig.  980)  has  received  its  name  from  being  about  equal  in 
length  to  the  breadth  of  twelve  fingers  (25  cm.).  It  is  the  shortest,  the  widest, 
and  the  most  fixed  part  of  the  small  intestine,  and  has  no  mesentery,  being  only 
partially  covered  by  peritoneum.  Its  course  presents  a  remarkable  curve,  some- 
what of  the  shape  of  an  imperfect  circle,  so  that  its  termination  is  not  far  removed 
from  its  starting-point. 

In  the  adult  the  course  of  the  duodenum  is  as  follows :  commencing  at  the  pylorus 
it  passes  backward,  upward,  and  to  the  right,  beneath  the  quadrate  lobe  of  the 
hver  to  the  neck  of  the  gall-bladder,  varying  slightlj-  in  direction  according  to  the 
degree  of  distension  of  the  stomach:  it  then  takes  a  sharp  curve  and  descends 
along  the  right  margin  of  the  head  of  the  pancreas,  for  a  variable  distance,  generally 
to  the  level  of  the  upper  border  of  the  body  of  the  fourth  lumbar  vertebra.  It 
now  takes  a  second  bend,  and  passes  from  right  to  left  across  the  vertebral  column, 
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Fia.  080.— The  duodenum  Slid  pBocieu. 

having  a  slight  inclination  upward;  and  on  the  left  side  of  the  vertebral  column 
it  ascends  for  about  2.5  cm.,  and  then  ends  opposite  the  second  lumbar  vertebra 
in  the  jejunum.  As  it  unites  with  the  jejunum  it  turns  abruptly  forward,  forming 
the  duodendojejunal  flexure.  From  the  above  description  it  will  be  seen  that  the 
duodenum  maj'  be  divided  into  four  portions:  superior,  descendiuKi  horitontal, 
and  ascending. 

Relations. — The  superior  portion  {para  superior;  first  portion)  is  about  5  cm.  long. 
Beginning  at  the  pylorus,  it  ends  at  the  neck  of  the  gall-bladder.  It  is  tlie  most 
movable  of  the  four  portions.  It  is  almost  completely  covered  by  peritoneum,  but  a 
small  part  of  its  posterior  surface  near  the  neck  of  the  gall-blad<ler  and  the  inferior 
vena  cava  is  uncovered;  the  upper  border  of  its  first  half  has  the  hepato<]uodenal 
ligament  attached  to  it,  while  to  the  lower  border  of  the  same  segment  the  greater 
omentum  is  connected.  It  is  in  such  close  relation  with  the  gall-bladder  that  it 
is  usually  found  to  be  stained  by  bile  after  death,  especially  on  its  anterior  surface. 
It  is  in  relation  above  and  in  front  with  the  quadrate  lobe  of  the  liver  and  the  gall- 
74 
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bladder;  behind  with  the  gastroduodenal  artery,  the  common  bile  duct,  and  the 
portal  vein;  and  below  and  behind  with  the  head  and  neck  of  the  pancreas. 

The  desGMidliif  portion  (pars  descendens;  second  portion)  is  from  7  to  10  cm.  long,  and 
«xtends  from  the  neck  of  the  gall-bladder,  on  a  level  with  the  first  lumbar  vertebra, 
along  the  right  side  of  the  vertebral  column  as  low  as  the  upper  border  of  the  body 
of  the  fourth  lumbar  vertebra.  It  is  crossed  in  its  middle  third  by  the  transverse 
colon,  the  posterior  surface  of  which  is  uncovered  by  peritoneum  and  is  connected 
to  the  duodenum  by  a  small  quantity  of  connective  tissue.  The  supra^  and  infra- 
colic  portions  are  covered  in  front  by  peritoneum,  the  infracolic  part  by  the  right 
leaf  of  the  mesentery.  Posteriorly  the  descending  portion  of  the  duodenum  is  not 
covered  by  peritoneum.  The  descending  portion  is  in  relation,  in  front,  from  above 
downward,  with  the  duodenal  impression  on  the  right  lobe  of  the  liver,  the  trans- 
verse colon,  and  the  small  intestine;  behind,  it  has  a  variable  relation  to  the  front 
of  the  right  kidney  in  the  neighborhood  of  the  hiius,  and  is  connected  to  it  by 
loose  areolar  tissue;  the  renal  vessels,  the  inferior  vena  cava,  and  the  Psoas  below, 
are  also^behind  it.    At  its  medial  side  is  the  head  of  the  pancreas,  and  the  common 
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bile  duct;  to  its  lateral  side  is  the  right  colic  flexure.  The  common  bile  duct  and 
the  pancreatic  duct  together  perforate  the  medial  side  of  this  portion  of  the  intestine 
obliquely  {Figs.  981  and  1014),  some  7  to  10  cm.  below  the  pylorus;  the  accessory 
pancreatic  duct  sometimes  picrcesit  about  2  cm.  above  and  slightly  in  front  of  these. 
The  horisontal  portion  (pars  horizontalia;  third  or  preaortic  or  transverse  portion)  is 
from  5  to  7.5  cm.  long.  It  begins  at  the  right  side  of  the  upper  border  of  the  fourth 
lumbar  vertebra  and  passes  from  right  to  left,  with  a  slight  inclination  upward, 
in  front  of  the  great  vessels  and  crura  of  the  Diaphragma,  and  ends  in  the  ascending 
portion  in  front  of  the  abdominal  aorta.  It  is  crossed  by  the  superior  mesenteric 
vessels  and  the  mesentery.  Its  front  surface  is  covered  by  peritoneum,  except 
near  the  middle  iine,  where  it  is  crossed  by  the  superior  mesenteric  vessels.  Its 
posterior  surface  is  uncovered  by  peritoneum,  except  toward  its  left  extremity, 
where  the  posterior  lajer  of  the  mesentery  maj'  sometimes  be  found  covering  it 
to  a  variable  extent.  This  surface  rests  upon  the  right  crus  of  the  Diaphragma, 
the  inferior  vena  cava,  and  the  aorta.  The  upper  surface  is  in  relation  with  the 
head  of  the  pancreas. 
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The  ascending  portion  {pars  ascendens;  fourth  portion)  of  the  duodenum  is  about 
2.5  cm  long.  It  ascends  on  the  left  side  of  the  aorta,  as  far  as  the  level  of  the  upper 
border  of  the  second  lumbar  vertebra,  where  it  turns  abruptly  forward  to  become 
the  jejunum,  forming  the  duodenojejunal  flexure.  It  lies  in  front  of  the  left  Psoas 
major  and  left  renal  vessels,  and  is  covered  in  front,  and  partly  at  the  sides,  by 
peritoneimi  continuous  with  the  left  portion  of  the  mesentery. 

The  superior  part  of  the  duodenum,  as  stated  above,  is  somewhat  movable, 
but  the  rest  is  practically  fixed,  and  is  bound  down  to  neighboring  viscera  and  the 
posterior  abdominal  wall  by  the  peritoneum.  In  addition  to  this,  the  ascending 
part  of  the  duodenum  and  the  duodenojejunal  flexure  are  fixed  by  a  structure 
to  which  the  name  of  Muscvltis  suspensorius  diiodeni  has  been  given.  This  structure 
commences  in  the  connective  tissue  around  the  coeliac  artery  and  left  crus  of  the 
Diaphragma,  and  passes  downward  to  be  inserted  into  the  superior  border  of  the 
duodenojejunal  curve  and  a  part  of  the  ascending  duodenum,  and  from  this  it  is 
continued  into  the  mesentery.  It  possesses,  according  to  Treitz,  plain  muscular 
fibres  mixed  with  the  fibrous  tissue  of  which  it  is  principally  made  up.  It  is  of 
little  importance  as  a  muscle,  but  acts  as  a  suspensory  ligament. 

Vessels  and  Nenres. — The  arteries  supplying  the  duodenum  are  the  right  gastric  and  superior 
pancreaticoduodenal  branches  of  the  hepatic,  and  the  interior  pancreaticoduodenal  branch  of 
the  superior  mesenteric.  The  veins  end  in  the  lienal  and  superior  mesenteric.  The  nenres  are 
derived  from  the  coeliac  plexus. 

Jejunum  and  Ileum. — The  remainder  of  the  small  intestine  from  the  end  of  the 
duodenum  is  named  jejunum  and  ileum;  the  former  term  being  given  to  the  upper 
two-fifths  and  the  latter  to  the  lower  three-fifths.  There  is  no  morphological  line 
of  distinction  between  the  two,  and  the  division  is  arbitrary;  but  at  the  same  time 
the  character  of  the  intestine  gradually  undergoes  a  change  from  the  commence- 
ment of  the  jejunum  to  the  end  of  the  ileum,  so  that  a  portion  of  the  bowel  taken 
from  these  two  situations  would  present  characteristic  and  marked  differences. 
These  are  briefly  as  follows: 

The  Jejunum  {intestinum  jejunum)  is  wider,  its  diameter  being  about  4  cm., 
and  is  thicker,  more  vascular,  and  of  a  deeper  color  than  the  ileum,  so  that  a  given 
length  weighs  more.  The  circular  folds  {valvulae  conniventes)  of  its  mucous  mem- 
brane are  large  and  thickly  set,  and  its  villi  are  larger  than  in  the  ileum.  The  aggre- 
gated lymph  nodules  are  almost  absent  in  the  upper  part  of  the  jejunum,  and  in 
the  lower  part  are  less  frequently  found  than  in  the  ileum,  and  are  smaller  and  tend 
to  assume  a  circular  form.  By  grasping  the  jejunum  between  the  finger  and  thumb 
the  circular  folds  can  be  felt  through  the  walls  of  the  gut;  these  being  absent  in 
the  lower  part  of  the  ileum,  it  is  possible  in  this  way  to  distinguish  the  upper 
from  the  lower  part  of  the  small  intestine. 

The  Ileum  {intestinum  ileum)  is  narrow,  its  diameter  being  3.75  cm.,  and  its 
coats  thinner  and  less  vascular  than  those  of  the  jejunum.  It  possesses  but  few 
circular  folds,  and  they  are  small  and  disappear  entirely  toward  its  lower  end, 
but  aggregated  lymph  nodules  (Peyer's  patches)  are  larger  and  more  numerous. 
The  jejunum  for  the  most  part  occupies  the  umbilical  and  left  iliac  regions,  while 
the  ileum  occupies  chiefly  the  umbilical,  hypogastric,  right  iliac,  and  pelvic  regions. 
The  terminal  part  of  the  ileum  usually  lies  in  the  pelvis,  from  which  it  ascends  over 
the  right  Psoas  and  right  iliac  vessels;  it  ends  in  the  right  iliac  fossa  by  opening 
into  the  medial  side  of  the  commencement  of  the  large  intestine.  The  jejunum 
and  ileum  are  attached  to  the  posterior  abdominal  wall  by  an  extensive  fold  of 
peritoneum,  the  mesentery,  which  allows  the  freest  motion,  so  that  each  coil  can 
accommodate  itself  to  changes  in  form  and  position.  The  mesentery  is  fan-shaped; 
its  posterior  border  or  root,  about  15  cm.  long,  is  attached  to  the  posterior  abdominal 
wall  from  the  left  side  of  the  body  of  the  second  lumbar  vertebra  to  the  right  sacro- 
iliac articulation,  crossing  successively  the  horizontal  part  of  the  duodenum,  the 
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aorta,  the  inferior  vena  cava,  the  ureter,  and  right  Psoas  muscle  {Fig.  966).  Its 
breadth  between  its  vertebral  and  intestinal  borders  averages  about  20  cm.,  and  is 
greater  in  the  middle  than  at  its  upper  and  lower  ends.  According  to  Lockwood  it 
tends  to  increase  in  breadth  as  age  advances.  Between  the  two  layers  of  which  it  is 
composed  are  contained  bloodvessels,  nerves,  lacteais,  and  lymph  glands,  together 
with  a  variable  amount  of  fat. 


Miigcvlans  mufons 


Circular  miucidar  layer 


Flo.  9S2.~-SeFtioii  of  duadenuni  of  cat.     (Afifr  Schafi^r.)      X  HO. 

Hwkel'B  Diretticulnm  (diverticidam  i/fi').— This  consists  of  &  pouch  which  projectf  from  the 
lower  part  of  the  ileum  in  about  2  per  cent,  of  subjects.  Its  average  position  is  about.  1  meter 
above  the  colic  valve,  and  its  average  length  about  o  era.  Its  calibre  is  generally  similar  to  that 
of  the  ileum,  and  its  bhnd  extremity  may  be  free  or  may  be  connected  with  the  abdominal  wall 
or  with  some  other  portion  of  the  intestine  by  a  fibrous  band.  It  represents  the  remains  of 
the  proximal  part  of  the  vitelline  duct,  the  duct  of  communication  between  the  yolk-sac  and  the 
primitive  digestive  tube  in  early  fetal  life. 

Stmctoro.— The  wall  of  the  small  intestine  (Fig.  9S2)  ia  composed  of  four  coats:  Mrotis, 
mtucnUr,  Areolar,  and  mncons. 

The  serons  eo»t  [lanica  serosa)  is  derived  from  the  peritoneum.  The  superior  portion  of  the 
duodenum  is  almost  completely  surrounded  by  this  membrane  near  its  pyloric  end,  but  is  only 
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covered  in  front  at  the  other  extremity;  the  descending  portion  is  covered  by  it  in  front,  except 
where  it  is  carried  off  by  the  transverse  colon;  and  the  inferior  portion  lies  behind  the  peritoneum 
which  passes  over  it  without  being  closely  incorporated  with  the  other  coats  of  this  part  of  the 
intestine,  and  is  separated  from  it  in  and  near  the  middle  line  by  the  superior  mesenteric  vessels. 
The  rest  of  the  small  intestine  is  surrounded  by  the  peritoneum,  excepting  along  its  attached 
or  mesenteric  border;  here  a  space  is  left  for  the  vessels  and  nerves  to  pass  to  the  gut. 

The  muscular  coat  (tunica  muscularU)  consists  of  two  layers  of  fibres:  an  external,  longi- 
tudinal, and  an  internal,  circular  layer.  The  longitudinal  fibres  are  thinly  scattered  over  the 
surface  of  the  intestine,  and  are  more  distinct  along  its  free  border.  The  circular  fibres  form  a 
thick,  uniform  layer,  and  are  composed  of  plain  muscle  cells  of  considerable  length.  The  mus- 
cular coat  is  thicker  at  the  upper  than  at  the  lower  part  of  the  small  intestine. 

The  areolar  or  Bubmucous  coat  (tela  avbmucosa)  connects  together  the  mucous  and  muscular 
layers.  It  consists  of  loose,  filamentous  areolar  tissue  containing  bloodvessels,  lymphatics,  and 
nerves. 

The  mucous  membrane  (tunica  mucosa)  is  thick  and  highly  vascular  at  the  upper  part  of 
the  small  intestine,  but  somewhat  paler  and  thinner  below.  It  consists  of  the  following  structures : 
next  the  areolar  or  submucous  coat  is  a  double  layer  of  unstriped  muscular  fibres,  outer  longi- 
tudinal and  inner  circular,  the  mnscularis  mucosfls;  internal  to  this  is  a  quantity  of  retiform 
tissue,  enclosing  in  its  meshes  lymph  corpuscles,  and  in  this  the  bloodvessels  and  nerves  ramify; 
lastly,  a  basement-membrane,  supporting  a  single  layer  of  epithelial  cells,  which  throughout  the 
iotestine  are  columnar  in  character.  The  cells  are  granular  in  appearance,  and  each  possesses 
a  clear  oval  nucleus.  At  their  superficial  or  unattached  ends  they  present  a  distinct  layer  of 
highly  refracting  material,  marked  by  vertical  strise,  the  striated  border. 

The  mucous  membrane  presents  for  examination  the  following  structures,  contained  within 
it  or  belonging  to  it: 

Circular  folds.  Duodenal  glands. 

Villi.  Solitary  lymphatic  nodules. 

Intestinal  glands.  Aggregated  lymphatic  nodules. 

The  circular  folds  (plicae  circular es  [Kerkringi] ;  valvulae  conniventes;  valves  of  Kerkring)  are  large 
valvular  flaps  projecting  into  the  lumen  of  the  bowel.  They  are  composed  of  reduplications  of  the 
mucous  membrane,  the  two  layers  of  the  fold  being  bound  together  by  submucous  tissue;  unlike  the 
folds  in  the  stomach,  they  are  permanent,  and  are  not  obliterated  when  the  intestine  is  distended. 
The  majority  extend  transversely  around  the  cylinder  of  the  intestine  for  about  one-half  or  two- 
thirds  of  its  circumference,  but  some  form  complete  circles,  and  others  have  a  spiral  direction; 
the  latter  usually  extend  a  little  more  than  once  around  the  bowel,  but  occasionally  two  or  three 
times.  The  larger  folds  are  about  8  mm.  in  depth  at  their  broadest  part;  but  the  greater  number 
are  of  smaller  size.  The  larger  and  smaller  folds  alternate  with  each  other.  They  are  not  found 
at  the  commencement  of  the  duodenum,  but  begin  to  appear  about  2.5  or  5  cm.  beyond  the 
pylorus.  In  the  lower  part  of  the  descending  portion,  below  the  point  where  the  bile  and  pan- 
creatic ducts  enter  the  intestine,  they  are  very  large  and  closely  approximated.  In  the  hori- 
zontal and  ascending  portions  of  the  duodenum  and  upper  half  of  the  jejunum  they  are  large 
and  nimierous,  but  from  this  point,  down  to  the  middle  of  the  ileum,  they  diminish  considerably 
in  size.  In  the  lower  part  of  the  ileum  they  almost  entirely  disappear;  hence  the  comparative 
thinness  of  this  portion  of  the  intestine,  as  compared  with  the  duodenum  and  jejunum.  The 
circular  folds  retard  the  passage  of  the  food  along  the  intestines,  and  afford  an  increased  surface 
for  absorption. 

The  intestinal  villi  (villi  intestinales)  are  highly  vascular  processes,  projecting  from  the  mucous 
membrane  of  the  small  intestine  throughout  its  whole  extent,  and  giving  to  its  siu-face  a  velvety 
appearance.  They  are  largest  and  most  numerous  in  the  duodenum  and  jejunum,  and  become 
fewer  and  smaller  in  the  ileum. 

Structure  of  the  villi  (Figs.  983,  984). — ^The  essential  parts  of  a  villus  are:  the  lacteal  vessel, 
the  bloodvessels,  the  epithehum,  the  basement-membrane,  and  the  muscular  tissue  of  the  mucosa, 
all  being  supported  and  held  together  by  retiform  lymphoid  tissue. 

The  lacteals  are  in  some  cases  double,  and  in  some  animals  multiple,  but  usually  there  is  a 
single  vessel.  Situated  in  the  axis  of  the  villus,  each  commences  by  dilated  cecal  extremities 
near  to,  but  not  quite  at,  the  summit  of  the  villus.  The  walls  are  composed  of  a  single  layer  of 
endothelial  cells. 

The  muscular  fibres  are  derived  from  the  muscularis  mucosae,  and  are  arranged  in  longitudinal 
bundles  around  the  lacteal  vessel,  extending  from  the  base  to  the  summit  of  the  villus,  and  giving 
off,  laterally,  individual  muscle  cells,  which  are  enclosed  by  the  reticulum,  and  by  it  are  attached 
to  the  basement-membrane  and  to  the  lacteal. 

The  bloodvessels  (Fig.  985)  form  a  plexus  under  the  basement  membrane,  and  are  enclosed 
in  the  reticular  tissue. 

These  structures  are  surrounded  by  the  basemenl-m^mbrane,  which  is  made  up  of  a  stratum 
of  endothelial  cells,  and  upon  this  is  placed  a  layer  of  columnar  epithelium^  the  characteristics 
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of  which  have  been  described.    The  reliform  titgue  forma  a  net-work  (Fig.  984)  in  the  n 
of  which  a  number  of  leucocytes  are  found. 


CeniTcd  latltal 
Smooth  nttucic  p>rfa 
Btticular  tianu 
■  Columnar  (pi'JfteiiuTO 


Fio,  084. — TruuvscM  MHtion  of  ft  tUIiu.  boat  the  bumaa  in 


wlut    BhrunkBn    away    from    tha    epitbalium,    b.    LuM*L    c. 
Columur  spitbelium.    d.  lU  nrislcd  border.    (.  Qobl«  oalli. 
From  Uis         /,  Leucocytea  io  epithelium,  f.  LauHwytea  balow  aiNtheUiun. 
e.  BloodvsBKla.    h.  MuKlecellmut  uron. 

The  intMtiiud  flaitds  (slandulae  inleslijudei  IL/Uberkakm];  erypU  of  LiOitrkiihn)  (Fig.  986)  are 
found  in  t»nHiderable  numbers  over  every  part  of  the  mucous  membrane  of  the  small  intestine. 


Capillarita 
Lymphalic  vettd  CapiUaritt 


f^jmphatic 


Jimail  artery        Lympkalk  '^xxiu 
Fio.  9M.-VilU  of  am.ll  inteetino.  ahoiriiii  bloodveajgl,  and  lymphalie  i-ssKin,     (Cadiat.) 

They  consiHt  of  minute  tubular  depressions  of  the  mucous  membrane,  arranged  perpendicularly  to 
the  surface,  upon  which  they  open  by  small  circular  apertures.    They  may  be  seen  with  the  aid 
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of  a  lens,  their  orifices  appeariog  as  minute  dota  scattered  between  the  villi.  Their  walls  &re 
thin,  consisting  of  a  basement  membrane  lined  by  columnar  epithelium,  and  covered  on  their 
erterior  by  capillary  vessels. 

The  daodonal  gUndi  (^UatduUie  duodenaks  (SrunneriJ;  Brunner's  gland*)  are  limited  to  the 
duodenum  (Fig.  982),  and  are  found  in  the  submucous  areolar  tissue.  They  are  lai^eet  and  most 
numerous  near  the  pylorus,  rorming  an  almost  complete  layer  in 
the  superior  portion  and  upper  half  of  the  descending  portions  of 
the  duodenum.  They  then  begin  to  diminish  in  number,  and 
practically  disappear  at  the  junction  of  the  duodenum  and  jeju- 
num. They  are  small  compound  acinotubular  glands  consisting 
of  a  number  of  alveoli  lined  by  short  columnar  epithehum  and 
opening  by  a  single  duct  on  the  inner  surface  of  the  intestine. 

The  Bolitu;  lymphatic  nodules  (noduit  l]fmpkalici  solitaHi;  soti- 
lary  glandti)  are  found  scattered  throughout  the  mucous  mem- 
brane of  the  small  intestine,  but  are  most  numerous  in  the  lower 
part  of  the  ileum.  Their  tree  surfaces  are  covered  with  rudimen- 
tary villi,  except  at  the  summits,  and  each  gland  is  surrounded  by 
the  openings  of  the  intestinal  glands.  Each  consists  of  a  dense 
interlacing  retiform  tissue  closely  packed  with  lymph-corpusclee, 
and  permeated  with  an  abundant  capillary  network.  The  inter- 
spaces of  the  retiform  tissue  are  continuous  with  larger  lymph 
Spaces  which  surround  the  gland,  through  which  they  communi- 
cate with  the  lacteal  system.  They  are  situated  partly  in  the 
submucous  tissue,  partly  in  the  mucous  membrane,  where  they 
form  slight  projections  of  its  epithelial  layer  (see  Fig.  998).  , 

The  affreiated  lymphatic  nodulei  {nod-uii  lympkalici  aggregali; 
Peyer't  patchee;  Peyer'a  glandt,-  agrninaled  folliclet;  tongiUae  inles- 
tinfde*)  (Fig.  987)  form  circular  or  oval  patches,  from  twenty  to 
thirty  in  number,  and  varying  in  length  from  2  to  10  cm.  They  are 
largest  and  most  numerous  in  the  ileum.    In  the  lower  part  of  the 

jejunum  they  are  small,  circular,  and  few  in  number.     They  are  ^      iniMtm»l  ilud 

occasionally  seen  in  the  duodenum.    They  are  placed  lengthwise    from°the  hurun  ioteatiiu.  <mn^ 
in  the  inteetine,  and  are  situated  in  the  portion  of  the  tube  most    wot.) 
distant  from  the  attachment  of  the  mesentery.     Each  patch  is 
formed  of  a  group  of  solitary  lymphatic  nodules  covered  with  muci 
patchee  do  not,  as  a  rule,  possess  viUi  on  their  free  surfaoee.    They  t 


Fip.  987. — Vertical  sectioa  of  ■  bumto  BureiaMd  lympliitiii  nodule.  inJKtsd  (hrough  lU  lymphitio  catiali.  a. 
Villi  wich  tbeir  cliyle  paasKgu.  b.  iDtMtinarilsndg.  e.  MuBculajis  muEouB.  d.  Cupola  orapei  of  Klitury  oodula. 
(.  MnialiDoeof  nodule.    /,  Baseof  nodule,    o-  PoinU  ol  eiil  of  (Jie  lacteals  [rom  the  villi,  and  eatranM  into  ilia  true 


young  subject,    become    indistinct    in  middle    age,   and 
advanced  life.    They  are  freely  supplied  with  bloodvessels  (Fig. 
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plexus  around  each  follicle  and  give  off  fine  branches  permeating  the  lymphoid  tissue  in  the 
ioterior  of  the  follicle.    The  lymphatic  plexuses  are  especially  abundant  around  these  patches. 

VeiBBU  Uid  Mmtob. — The  jejunum  and  ileum  are  supplied  by  the  snparior  mesantoric  vterr, 
the  intestinal  branches  of  which,  having  reached  the  attached  border  of  the  bowel,  run  between 
the  serous  and  musculaj-  coats,  with  frequent  inosculations  to  the  free  border,  where  they  also 
anastomose  with  other  branches  running  around  the  opposite  surfaee  of  the  gut.     From  these 


Fio.  eS8.— TrHngveras  BHtion  thiaugh  tbe  equatorial  Pio.  B89,— Tbe  myenterie  plsiu*  from  tti*  rabbit. 

Teasels  numerous  branches  are  given  off,  which  pierce  the  muscular  coat,  supplying  it  and  forming 
an  intricate  plexus  in  the  submucous  tissue.    From  this  plexus  minute  vessels  pass  to  the  glands 
and  villi  of  the  mucous  membrane.     The  TSiiU  have  a  similar  course  and  arrangement  to  the 
arteries.    The  Ijnnplutica  of  the  small  intestine  (lacteab)  are  arranged  in  two  sets,  those  of  the 
mucous  membrane  and  those  of  the  muscular  coat.    The  lymphatics  of  the  villi  commence  in 
these  structures  in  the  manner  described  above.    They  form  an  intricate  plexus  in  the  mucous 
and  HubmucouB  tissue,  being  joined   by   the   lymphatics   from   the 
lymph  spaces  at  the  bases  of  the  solitary  nodules,  and  from  this  pass 
to  larger  vessels  at  the  mesenteric  border  of  the  gut.    The  lymphatics 
of  the  muscular  coat  are  situated  to  a  great  extent  between  the  two 
layers  of  muscular  Ebres,  where  they  form  a  close  plexus;  through- 
out their  course  they  communicate  freely  with  the  lymphatics  from 
the  mucous  membr&ne,  and  empty  themselves  in  the  same  manner 
as  these  into  the  origins  of  the  lacteal  vessels  at  the  attached  border 
of  the  gut. 

The  nwvn  of  the  small  intestines  are  derived  from  the  plexuses  of 
sympathetic  nerves  around  the  superior  mesenteric  artwy.  From 
this  source  they  run  to  the  moBsnteric  fimjaa  (Auerbach's  pierus) 
(Fig.  989)  of  nerves  and  ganglia  situated  between  tbe  circular  and 
longitudinal  muscular  fibres  from  which  the  nervous  branches  are 
BubmiieSS'Trom  ih!.'"'™i.w'  distributed  to  the  muscular  coats  of  the  intestine.  From  this  a 
X  GO.  secondary  plexus,  the  plenzs  ol  the  anhmncou  (MeiMner'*  plexus) 

(Fig.  990)  is  derived,  and  is  formed  by  branches  which  have  per- 
forated the  circular  muscular  fibres.  This  plexus  lies  in  the  submucous  coat  of  l\ie  intestine;  it 
also  contains  ganglia  from  which  nerve  fibres  pass  to  the  muscularis  mucosae  and  to  the  mucous 
membrane.    The  nerve  bundles  of  the  submucous  plexus  are  finer  than  those  of  tbe  myenteric 

The  Large  Intestitie  (Inteatinum  Crassum). 

The  large  intestine  extends  from  the  end  of  the  ileum  to  the  anus.  It  is  about 
1.5  metres  long,  being  one-fifth  of  the  whole  extent  of  the  intestilial  canal.  Its 
calibre  is  largest  at  its  commencement  at  the  cecum,  and  gradually  diminishes 


THE  LARGE  INTESTINE  1177 

as  far  as  the  rectum,  where  there  is  a  dilatation  of  considerable  size  just  above 
the  anal  canal.  It  differs  from  the  small  intestine  in  its  greater  calibre,  its  more 
&ced  position,  its  sacculated  form,  and  in  possessing  certain  appendages  to  its 
external  coat,  the  appendices  epiploicae.  Further,  its  longitudinal  muscular  fibres 
do  not  form  a  continuous  layer  around  the  gut,  but  are  arranged  in  three  longitudinal 
buds  or  taniae.  The  large  intestine,  in  its  course,  describes  an  arch  which  sur- 
rounds the  convolutions  of  the  small  intestine.  It  commences  in  the  right  iliac 
region,  in  a  dilated  part,  the  cecum.  It  ascends  through  the  right  lumbar  and  hypo- 
chondriac regions  to  the  under  surface  of  the  liver;  it  here  takes  a  bend,  the  right 
colic  flexure,  to  the  left  and  passes  transversely  across  the  abdomen  on  the  confines 
of  the  epigastric  and  umbilical  regions,  to  the  left  hj-pochondriac  region;  it  then 
bends  again,  the  left  colic  flexure,  and  descends  through  the  left  lumbar  and  iliac 
regions  to  the  pelvis,  where  it  forms  a  bend  called  the  sigmoid  flexure;  from  this  it 
is-continued  along  the  posterior  wall  of  the  pelvis  to  the  anus.  The  large  intestine 
is  divided  into  the  cecum,  colon,  rectum,  and  anal  canal. 


The  Cecum  {intestimim  caecum)  (Fig.  991),  the  commencement  of  the  large 
intestine,  is  the  large  blind  pouch  situated  below  the  colic  valve.  Its  blind  end 
is  directed  downward,  and  its  open  end  upward,  communicating  directly  with  the 
colon,  of  which  this  blind  pouch  appears  to  be  the  beginning  or  head,  and  hence  the 
old  name  of  caput  caecum  eoU  was  applied  to  it.  Its  size  is  variously  estimated  by 
different  authors,  but  on  an  average  it  may  be  said  to  be  6.25  cm.  in  length  and  7.5  in 
breadth.  It  is  situated  in  the  right  iliac  fossa,  abo\-e  the  lateral  half  of  the  inguinal 
ligament :  it  rests  on  the  Iliacus  and  Psoas  major,  and  usually  lies  in  contact  with  the 
anterior  abdominal  wall,  but  the  greater  omentum  and,  if  the  cecum-be  empty, 
some  coils  of  small  intestine  maj'  lie  in  front  of  it.  As  a  rule,  it  is  entirely  enveloped 
by  peritoneum,  but  in  a  certain  number  of  cases  (5  per  cent..  Berry)  the  peritoneal 
covering  is  not  complete,  so  that  the  upper  part  of  the  posterior  surface  Is  uncovered 
and  conneeted  to  the  iliac  fascia  by  connective  tissue.  The  cecum  lies  quite  free 
in  the  abdominal  cavity  and  enjo\-s  a  considerable  amount  of  movement,  so  that 
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it  may  become  herniated  down  the  right  inguinal  canal,  and  has  occasionally 
been  found  in  an  inguinal  hernia  on  the  left  side.  The  cecum  varies  in  shape,  but, 
according  to  Treves,  in  man  it  may  be  classified  under  one  of  four  types.  In  early 
fetal  life  it  is  short,  conical,  and  broad  at  the  base,  with  its  apex  turned  upward 
and  medialward  toward  the  ileocolic  junction.  It  then  resembles  the  cecum  of  some 
monkeys,  e.  g.,  mangabey  monkey.  As  the  fetus  grows  the  cecum  increases  in 
length  more  than  in  breadth,  so  that  it  forms  a  longer  tube  than  in  the  primitive 
form  and  without  the  broad  base,  but  with  the  same  inclination  of  the  apex  toward 
the  ileocolic  junction.  This  form  is  seen  in  other  monkeys,  e.  g,,  the  spider  monkey. 
As  development  goes  on,  the  lower  part  of  the  tube  ceases  to  grow  and  the  upper 
part  becomes  greatly  increased,  so  that  at  birth  there  is  a  narrow  tube,  the  vermi- 
form process,  hanging  from  a  conical  projection,  the  cecum.  This  is  the  infantile 
form,  and  as  it  persists  throughout  life  in  about  2  per  cent,  of  cases,  it  is  regarded 
by  Treves  as  the  first  of  his  four  types  of  human  ceca.  The  cecum  is  conical  and 
the  appendix  rises  from  its  apex.  The  three  longitudinal  bands  start  from  the 
appendix  and  are  equidistant  from  each  other.  In  the  second  type,  the  conical 
cecum  has  become  quadrate  by  the  growing  out  of  a  saccule  on  either  side  of  the 
anterior  longitudinal  band.  These  saccules  are  of  equal  size,  and  the  appendix 
arises  from  between  them,  instead  of  from  the  apex  of  a  cone.  This  type  is  found 
in  about  3  per  cent,  of  cases.  The  third  type  is  the  normal  type  of  man.  Here 
the  two  saccules,  which  in  the  second  type  were  uniform,  have  grown  at  unequal 
rates:  the  right  with  greater  rapidity  than  the  left.  In  consequence  of  this  an 
apparently  new  apex  has  been  formed  by  the  growing  downward  of  the  right  sac- 
cule, and  the  original  apex,  with  the  appendix  attached,  is  pushed  over  to  the  left 
toward  the  ileocolic  junction.  The  three  longitudinal  bands  still  start  from  the 
base  of  the  vermiform  process,  but  they  are  now  no  longer  equidistant  from  each 
other,  because  the  right  saccule  has  grown  between  the  anterior  and  postero- 
lateral bands,  pushing  them  over  to  the  left.  This  type  occurs  in  about  90  per 
cent,  of  cases.  The  fourth  type  is  merely  an  exaggerated  condition  of  the  third; 
the  right  saccule  is  still  larger,  and  at  the  same  time  the  left  saccule  has  become 
atrophied,  so  that  the  original  apex  of  the  cecum,  with  the  vermiform  process,  is 
close  to  the  ileocolic  junction,  and  the  anterior  band  courses  medialward  to  the 
same  situation,    This  type  is  present  in  about  4  per  cent,  of  cases. 

The  Vermiform  Process  or  Appendix  {'processus  vermiformis)  (Fig.  991)  is  a  long, 
narrow,  worm-shaped  tube,  which  starts  from  what  was  originally  the  apex  of  the 
cecum,  and  may  pass  in  one  of  several  directions:  upward  behind  the  cecum;  to 
the  left  behind  the  ileum  and  mesentery;  or  downward  into  the  lesser  pelvis.  It 
varies  from  2  to  20  cm.  in  length,  its  average  being  about  8.3  cm.  It  is  retained 
in  position  by  a  fold  of  peritoneum  (mesenteriole),  derived  from  the  left  leaf  of 
the  mesentery.  This  fold,  in  the  majority  of  cases,  is  more  or  less  triangular  in 
shape,  and  as  a  rule  extends  along  the  entire  length  of  the  tube.  Between  its  two 
layers  and  close  to  its  free  margin  lies  the  appendicular  artery  (Fig.  991).  The  canal 
of  the  vermiform  process  is  small,  extends  throughout  the  whole  length  of  the  tube, 
and  communicates  with  the  cecum  by  an  orifice  which  is  placed  below^  and  behind 
the  ileocecal  opening.  It  is  sometimes  guarded  by  a  semilunar  valve  formed  by  a 
fold  of  mucous  membrane,  but  this  is  by  no  means  constant. 

Structure. — The  coats  of  the  vermiform  process  are  the  same  as  those  of  the  intestine:  serous, 
muscular,  submucous,  and  mucous.  The  serous  coat  forms  a  complete  investment  for  the  tube, 
except  along  the  narrow  hne  of  attachment  of  its  mesenteriole  in  its  proximal  two-thirds.  The 
longitudinal  muscular  fibres  do  not  form  three  bands  as  in  the  greater  part  of  the  large  intestine, 
but  invest  the  whole  organ,  except  at  one  or  two  points  where  both  the  longitudinal  and  circular 
fibres  are  deficient  so  that  the  peritoneal  and  submucous  coats  are  contiguous  over  small  areas. 

The  circular  mUrScle  fibres  form  a  much  thicker  layer  than  the  longitudinal  fibres,  and  are 
separated  from  them  by  a  small  amount  of  connective  tissue.  The  submucous  coat  is  well 
marked,  and  contains  a  large  number  of  masses  of  lymphoid  tissue  which  cause  the  mucous 
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membrane  to  bulge  inUi  the  lumen  and  so  lender  the  latter  of  small  aize  and  irregular  shape. 
The  mncoui  membruie  is  lined  by  columnar  epithelium  and  resembles  that  of  the  rest  of  the 
large  intestine,  but  the  intestinal  glands  are  fewer  in  number  (Fig.  992). 
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The  Colic  Talve  (mlvula  coti;  ileocecal  valve)  (Fig.  993) . — The  lower  end  of  the  ileum 
ends  by  opening  into  the  medial  and  back  part  of  the  large  intestine,  at  the  point 
of  junction  of  the  cecum  with  the  colon.  The  opening  is  guarded  by  a  valve, 
consisting  of  two  segments  or  lips,  which  project  into  the  lumen  of  the  large  intes- 
tine. If  the  intestine  has  been  inflated  and  dried,  the  lips  are  of  a  semilunar  shape. 
The  upper  one,  nearly  horizontal  in  direction,  is  attached  by  its  cojivex  border 


to  the  line  of  junction  of  the  ileum  with  the  colon;  the  lower  lip,  which  is  longer 
and  more  concave,  is  attached  to  the  line  of  junction  of  the  ileum  with  the  cecum. 
At  the  ends  of  the  aperture  the  two  segments  of  the  valve  coalesce,  and  are  continued 
as  narrow  membranous  ridges  around  the  canal  for  a  short  distance,  forming  the 
trennla  of  the  valve.  The  left  or  anterior  end  of  the  aperture  is  rounded;  the  right 
or  posterior  is  narrow  and  pointed.    In  the  fresh  condition,  or  in  specimens  which 
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have  been  hardened  in  situ,  the  lips  project  as  thick  cushion-like  folds  into  the  lumen 
of  the  large  gut,  while  the  opening  between  them  may  present  the  appearance  of  a 
slit  or  may  be  somewhat  oval  in  shape. 

Each  lip  of  the  valve  is  formed  by  a  reduplication  of  the  mucous  membrane 
and  of  the  circular  muscular  fibres  of  the  intestine,  the  longitudinal  fibres  and 
peritoneum  being  continued  uninterruptedly  from  the  small  to  the  large  intestine. 

The  surfaces  of  the  valve  directed  toward  the  ileum  are  covered  with  villi,  and 
present  the  characteristic  structure  of  the  mucous  membrane  of  the  small  intestine; 
while  those  turned  toward  the  large  intestine  are  destitute  of  villi,  and  marked 
with  the  orifices  of  the  numerous  tubular  glands  peculiar  to  the  mucous  membrane 
of  the  large  intestine.  These  diflFerences  in  structure  continue  as  far  as  the  free 
margins  of  the  valve.  It  is  generally  maintained  that  this  valve  prevents  reflux 
from  the  cecum  into  the  ileum,  but  in  all  probability  it  acts  as  a  sphincter  around 
the  end  of  the  ileum  and  prevents  the  contents  of  the  ileum  from  passing  too 
quickly  into  the  cecum. 

The  Colon  is  divided  into  four  parts:  the  ascending,  transverse,  descending,  and 
sigmoid. 

The  Ascending  Colon  {colon  ascendens)  is  smaller  in  calibre  than  the  cecum,  with 
which  it  is  continuous.  It  passes  upward,  from  its  conMnencement  at  the  cecum, 
opposite  the  colic  valve,  to  the  under  surface  of  the  right  lobe  of  the  liver,  on  the 
right  of  the  gall-bladder,  where  it  is  lodged  in  a  shallow  depression,  the  colic  impres- 
sion; here  it  bends  abruptly  forward  and  to  the  left,  forming  the  right  colic  (hepatic) 
flexure  (Fig.  980).  It  is  retained  in  contact  with  the  posterior  wall  of  the  abdomen 
by  the  peritoneum,  which  covers  its  anterior  surface  and  sides,  its  posterior  surface 
being  connected  by  loose  areolar  tissue  with  the  Iliacus,  Quadratus  lumborum, 
aponeurotic  origin  of  Transversus  abdominis,  and  with  the  front  of  the  lower  and 
lateral  part  of  the  right  kidney.  Sometimes  the  peritoneum  completely  invests 
it,  and  forms  a  distinct  but  narrow  mesocolon.*  It  is  in  relation,  in  front,  with  the 
convolutions  of  the  ileum  and  the  abdominal  parietes. 

The  Transverse  Colon  {colon  transwrsum)  the  longest  and  most  movable  part  of 
the  colon,  passes  with  a  downward  convexity  from  the  right  hypochondriac  region 
across  the  abdomen,  opposite  the  confines  of  the  epigastric  and  umbilical  zones, 
into  the  left  hjT^ochondriac  region,  where  it  curves  sharply  on  itself  beneath  the 
lower  end  of  the  spleen,  forming  the  left  colic  {splenic)  flexure.  In  its  course  it 
describes  an  arch,  the  concavity  of  which  is  directed  backward  and  a  little  upward; 
toward  its  splenic  end  there  is  often  an  abrupt  U-shaped  curve  which  may  descend 
lower  than  the  main  curve.  It  is  almost  completely  invested  by  peritoneum,  and 
is  connected  to  the  inferior  border  of  the  pancreas  by  a  large  and  wide  duplicature 
of  that  membrane,  the  transverse  mesocolon.  It  is  in  relation,  by  its  upper  surface, 
with  the  liver  and  gall-bladder,  the  greater  curvature  of  the  stomach,  and  the 
lower  end  of  the  spleen;  by  its  under  surface,  with  the  small  intestines;  by  its  ante- 
rior surface,  with  the  anterior  layers  of  the  greater  omentum  and  the  abdominal 
parietes;  its  posterior  surface  is  in  relation  from  right  to  left  with  the  descending 
portion  of  the  duodenum,  the  head  of  the  pancreas,  and  some  of  the  convolutions 
of  the  jejunum  and  ileumt 

The  left  colic  or  splenic  flexure  (Fig.  980)  is  situated  at  the  junction  of  the  trans- 
verse and  descending  parts  of  the  colon,  and  is  in  relation  with  the  lower  end  of  the 
spleen  and  the  tail  of  the  pancreas;  the  flexure  is  so  acute  that  the  end  of  the  trans- 
verse colon  usually  lies  in  contact  with  the  front  of  the  descending  colon.    It  lies 

*  Treves  states  that,  after  a  careful  examination  of  one  hundred  subjects,  he  found  that  in  fiftv-two  there  was  neither 
an  ascending  nor  a  descending  mesocolon.  In  twenty-two  there  was  a  descending  mesocolon,  out  no  trace  of  a  ooire- 
sponding  fold  on  the  other  side.  In  fourteen  subjects  there  was  a  mesocolon  to  both  the  ascending  and  the  desoendins 
segments  of  the  bowel;  while  in  the  remaining  twelve  there  was  an  ascending  mesocolon,  but  no  corresponding  fold 
on  the  left  side.  It  follows,  therefore,  that  in  performing  lumbar  colotomy  a  mesocolon  may  be  expected  upon  the  left 
side  in  30  per  cent,  of  all  cases,  and  on  the  right  in  26  per  cent. — The  .Anatomy  of  the  Intestmal  Canal  and  Peritoneum 
in  Man,  188.5,  p.  55. 
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at  a  higher  level  than,  and  on  a  plane  posterior  to,  the  right  colic  flexure,  and  is 
attached  to  the  Diaphragma,  opposite  the  tenth  and  eleventh  ribs,  by  a  peritoneal 
fold,  named  the  phrenicocolle  l^ament,  which  assists  in  supporting  the  lower  end 
of  the  spleen  {see  page  1157). 

The  Descendinf  Colon'  (cohn  desceruhm)  passes  downward  through  the  left 
hypochondriac  and  lumbar  regions  along  the  lateral  border  of  the  left  kidney. 
At  the  lower  end  of  the  kidney  it  turns  mediaiward  toward  the  lateral  border  of 
the  Psoas,  and  then  descends,  in  the  angle  between  Psoas  and  Quadratus  lumborum, 
to  the  crest  of  the  ilium,  where  it  ends  in  the  iliac  colon.  The  peritoneum  covers 
its  anterior  surface  and  sides,  while  its  posterior  surface  is  connected  by  areolar 
tissue  with  the  lower  and  lateral  part  of  the  left  kidney,  the  aponeurotic  origin  of 
the  Transversus  abdominis,  and  the  Quadratus  lumborum  (Fig.  980).  It  is  smaller 
in  calibre  and  more  deeply  placed  than  the  ascending  colon,  and  is  more  frequently 
covered  with  peritoneum  on  its  posterior  surface  than  the  ascending  colon  (Treves). 
In  front  of  it  are  some  coils  of  small  intestine. 


The  niac  Colon  (Fig.  994)  is  situated  in  the  left  iliac  fossa,  and  is  about  12  to 
15  cm.  long.  It  begins  at  the  level  of  the  iliac  crest,  where  it  is  continuous  with 
the  descending  colon,  and  ends  in  the  sigmoid  colon  at  the  superior  aperture  of  the 
lesser  pelvis.  It  curves  downward  and  mediaiward  in  front  of  the  Uiacus  and  Psoas, 
and,  as  a  rule,  is  covered  by  peritoneum  on  its  sides  and  anterior  surface  only. 

The  Sigmoid  Colon  (colon  siginoideuvt;  pelvic  colon;  sigmoid  fiexure)  (Fig.  994) 
forms  e  loop  which  averages  about  40  cm.  in  length,  and  normally  lies  within  the 
pelvis,  but  on  account  of  its  freedom  of  mo\ement  it  is  liable  to  be  displaced  into 
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the  abdominal  cavity.  It  begins  at  the  superior  aperture  of  the  lesser  pelvis, 
where  it  is  continuous  with  the  iliac  cx>lon,  and  passes  transversely  across  the  front 
of  the  sacrum  to  the  right  side  of  the  pelvis;  it  then  curves  on  itself  and  turns 
toward  the  left  to  reach  the  middle  line  at  the  level  of  the  third  piece  of  the  sacrum, 
where  it  bends  downward  and  ends  in  the  rectum.  It  is  completely  surrounded  by 
peritoneum,  which  forms  a  mesentery  (sigmoid  mesocolon),  which  diminishes  in 
length  from  the  centre  toward  the  ends  of  the  loop,  where  it  disappears,  so  that  the 
loop  is  fixed  at  its  junctions  with  the  iliac  colon  and  rectum,  but  enjoys  a  consider- 
able range  of  movement  in  its  central  portion.  Behind  the  sigmoid  colon  are  the 
external  iliac  vessels,  the  left  Piriformis,  and  left  sacral  plexus  of  nerves;  infrorU, 
it  is  separated  from  the  bladder  in  the  male,  and  the  uterus  in  the  female,  by  some 
coils  of  the  small  intestine. 


The  Rectum  (inteMinum  rectum)  (Fig.  995)  is  continuous  above  with  the  sigmoid 
colon,  while  below  it  ends  in  the  anal  cimal.  From  its  origin  at  the  level  of  the 
third  sacral  vertebra  it  passes  downward,  lying  in  the  sacrococcygeal  curve,  and 
extends  for  about  2.5  cm,  in  front  of,  and  a  little  below,  the  tip  of  the  coccyx, 
as  far  as  the  apex  of  the  prostate.  It  then  bends  sharply  backward  into  the  anal 
canal.    It  therefore  presents  two  antero-posterior  curves:  an  upper,  with  its  con- 


THE  LARGE  INTESTINE  1183 

vexity  backward,  and  a  lower,  with  its  convexity  forward.    'IVo  lateral  curves  are 
also  described,  one  to  the  right  opposite  the  junction  of  the  third  and  fourth  sacral 
vertebrae,  and  the  other  to  the  left,  opposite  the  left  sacrococcygeal  articulation; 
they  are,  however,  of  little  importance.    The  rectum  is  about  12  cm.  long,  and  at 
its  commencement  its  calibre  is  similar  to  that  of  the  sigmoid  colon,  but  near  its 
termination  it  is  dilated  to  form  the  rectal  ampulla.   The  rectum  has  no  sacculations 
comparable  to  those  of  the  colon,  but  when  the  lower  part  of  the  rectum  is  con- 
tracted, its  mucous  membrane  is  thrown  into  a  number  of  folds,  which  are  longitudi- 
nal in  direction  and  are  effaced  by  the  distension  of  the  gut.    Besides  these  there 
are  certain  permanent  transverse  folds,  of  a  semilunar  shape,  known  as  Hooston's 
valves  (Fig.  996).    They  are  usually  three  in  number;  sometimes  a  fourth  is  found, 
and  occasionally  only  two  are  present.    One  is 
situated  near  the  commencement  of  the  rectum, 
on  the  right  side;  a  second  extends  inward  from 
the  Ifft  side  of  the  tube,  opposite  the  middle  of 
the  sacrum;  a  third,  the  largest  and  most  con- 
stant,  projects  backward  from  the  forepart  of 
the  rectum,  opposite  the  fundus  of  the  urinary 
bladder.    When  a  fourth  is  present,  it  is  situated 
nearly  2.5'cm.  above  the  anus  on  the  left  and 
posterior  wall  of  the  tube.    These  folds  are  about 

12  mm.    in   width,   and   contain   some  of   the  — ..,-~. 

circular  fibres  of  the  gut.  In  the  empty  state  of 
the  intestines  they  overlap  each  other,  as  Houston 
remarks,  so  effectually  as  to  require  considerable 
manoeuvering  to  conduct  a  bougie  or  the  finger 
along  the  canal.  Their  use  seems  to  be,  "to 
support  the  weight  of  fecal  matter,  and  prevent 

its  urging  toward  the  anus,  where  its  presence  ^^^T 

always  excites  a  sensation  demanding  its  dis-  n™ 

charge.'  nnu 

The  peritoneum  is  related  to  the  upper  two- 
thirds  of  the  rectum,  covering  at  first  its  front 
and  sides,  but  lower  down  its  front  only;  from 
the  latter  it  is  reflected  on  to  the  seminal  vesicles 

in  the  mate  and  the  posterior  vaginal  wall  in  the      ''"'■  **'"~^"^i  ^r  "*""'""  " 
female. 

The  level  at  which  the  peritoneum  leaves  the  anterior  wall  of  the  rectum  to  be 
reflected  on  to  the  viscus  in  front  of  it  is  of  considerable  importance  from  a  surgical 
point  of  view,  in  connection  with  the  removal  of  the  lower  part  of  the  rectum.  It 
is  higher  in  the  male  than  in  the  female.  In  the  former  the  height  of  the  recto- 
vesical excavation  is  about  7.5  cm.,  i.  e..  the  height  to  which  an  ordinary  index 
finger  can  reach  from  the  anus.  In  the  female  the  height  of  the  rectouterine  excava- 
tion is  about  5.5  cm.  from  the  anal  orifice.  The  rectum  is  surrounded  by  a  dense 
tube  of  fascia  derived  from  the  fascia  endopelvina,  but  fused  behind  with  the  fascia 
covering  the  sacrum  and  coccyx.  The  facial  tube  is  loosely  attached  to  the  rectai 
wall  by  areolar  tissue  in  order  to  allow  of  distension  of  the  viscus. 

Belatloiu  of  the  Bectum. — The  upper  part  of  the  rectum  is  in  relation,  behind,  with  the  superior 
hemDirhoidal  veesela,  the  left  Piriformis,  and  left  sacral  pleitUB  of  nerves,  which  separate  it  from 
the  pelvic  surfaces  of  the  sacral  vertebne;  in  its  lower  part  it  Ues  directly  on  the  sacrum,  coccyx, 
and  Levatores  ani,  a  dense  fascia  alone  intervenLg;  in  front,  it  is  separated  above,  in  the  male, 
from  the  fundus  of  the  bladder;  in  the  female,  from  the  intestinal  surface  of  the  uterus  and  its 

iPBtcnoD  ("ThB  Fonn  of  the  Rectum."  JduitihL  of  AaBtamy  bqiI  Physolo^.  vol.  iliii)  uliliies  the  Uiird  fold  for 
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appendages,  by  some  convolutions  of  the  small  intestine,  and  frequently  by  the  sigmoid  colon; 
below,  it  is  in  relation  in  the  male  with  the  triangular  portion  of  the  fundus  of  the  bladder,  the 
vesiculae  seminales,  and  ductus  deferentes,  and  more  anteriorly  with  the  posterior  surface  of 
the  prostate;  in  the  female,  with  the  posterior  wall  of  the  vagina. 

The  Anal  Canal  (pars  analis  recti)  (Fig.  997),  or  terminal  portion  of  the  lai^ 
intestine,  begins  at  the  level  of  the  apex  of  the  prostate,  is  directed  downward  and 
backward,  and  ends  at  the  anus.  It 
forms  an  angle  with  the  lower  part  of 
the  rectum,  and  measures  from  2.5  to 
4  cm.  in  length.  It  has  no  peritoneal 
covering,  but  is  invested  by  the  Sphinc- 
ter ani  intemus,  supported  by  the 
Levatores  ani,  and  surrounded  at  its 
termination  by  the  Sphincter  ani  ex- 
ternus.  In  the  empty  condition  it  pre- 
sents the  appearance  of  an  antero- 
posterior longitudinal  slit.  Behind  it 
is  (i  mass  of  muscular  and  fibrous 
tissue,  the  anoeoccfgeal  body  (Syming- 
ton); in  front  of  it,  in  the  male,  but 
separated  by  connective  tissue  from  it, 
are  the  membranous  portion  and  bulb 
of  the  urethra,  and  the  fasciaof  the  uro- 
genital diaphragm;  and  in  the  female 
it  is  separated  from  the  lower  end  of 
the  vt^ina  by  a  mass  of  muscular  and 
iibrous  tissue,  named  the  p«rineal  body. 

Fio,  997— Cororml  Hction    through    the  uul    canal.  Thc    lumCU  of    the    aUal    Canal    pre- 

rayminitm.)    fl.  Cavity  o(  unnBry  bladder.     I'.  D,  Ductus  ....  ,1*  L  « 

deferaat.      S.V.    Seminal   vesicle      R.    Second    put    of      SCntS,   m    itS   Upper  half,    a    number    of 

^iH^t  ■nfui»iiru«.™&s.  spWiictif Mi^MteSiua.  ^'^'  Vertical  folds,  produced  by  an  infolding 
of  the  mucous  membrane  and  some  of 
the  muscular  tissue.  They  are  known  as  the  rectal  columns  [Morgagni]  (Fig.  996), 
and  are  separated  from  one  another  by  furrows  (rectal  sinuses),  which  end  below 
in  small  valve-like  folds,  termed  anal  valves,  which  join  together  the  lower  ends 
of  the  rectal  columns. 

Btmcmie  of  the  Colon.— The  large  intestine  has  four  coats:  aarons,  muocnlat,  areolar,  and 
mucous. 

The  serona  coat  (tunica  sero»a)  is  derived  from  the  peritoneum,  and  invefits  the  different 
portiona  of  the  large  intestine  to  a  variable  extent.  The  cecum  is  completely  covered  by  the 
serous  membrane,  except  in  about  5  per  cent,  of  cases  where  the  upper  part  of  the  posterior 
surface  is  uncovered.  The  ascending,  descending,  and  iUac  parts  of  the  colon  are  usually  covered 
only  in  front  and  at  the  sides;  a  variable  amount  of  the  posterior  surface  is  uncovered.'  The 
transverse  colon  is  almost  completely  invested,  the  parts  o^rrespoitding  to  the  attachment  of 
the  greater  omentum  and  transverse  mesocolon  being  alone  excepted.  The  sigmoid  colon  is 
entirely  surrounded.  The  rectum  is  covered  above  on  its  anterior  surface  and  sides;  below, 
on  its  anterior  aspect  only;  the  anal  canal  is  entirely  devoid  of  any  serous  covering.  In  the 
course  of  the  colon  the  peritoneal  coat  is  thrown  into  a  number  of  small  pouches  filled  with  fat, 
called  appendiCM  epiploicts.    They  are  moat  numeroua  on  the  transverse  colon. 

The  mnscuUur  coat  (lunica  muscularui)  consists  of  an  external  longitudinal,  and  an  internal 
circular,  layer  of  non-striped  muscular  fibres. 

The  longitudinal  fibres  do  not  form  a  continuous  layer  over  the  whole  surface  of  the  large  intes- 
tine. In  the  cecum  and  colon  they  arc  especially  collected  into  three  flat  longitudinal  bands 
[taeniae  coli),  each  of  about  12  mm.  in  width;  one,  the  posterior,  is  placed  along  the  attached 
border  of  the  intestine;  the  anterior,  the  lai^est,  corresponds  along  the  arch  of  the  colon  to  the 
attachment  of  the  greater  omentiun,  but  is  in  front  in  the  ascending,  descending,  and  iliac  parts 
of  the  colon,  and  in  the  sigmoid  colon;  the  third,  or  lateral  band,  is  found  on  the  medial  side  of 
the  ftscendioK  and  descending  parts  of  the  colon,  and  on  the  under  aspect  of  the  transverse  colon. 

I  See  footnoU.p.  1180. 
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These  baiuls  &re  shorter  than  the  other  coata  of  the  intestine,  &nd  serve  to  produce  the  sacculi 
which  arc  characteristic  of  the  cecum  and  colon;  accordingly,  when  they  are  dissected  off,  the 
tube  can  be  lengthened,  and  its  sacculated  character  becomes  lost.  In  the  eiitraoid  colon  the  longi- 
tudinal fibres  become  more  scattered;  and  around  the  rectum  they  spread  out  and  foim  a,  layer, 
which  completely  encircles  this  portion  of  the  gut,  but  is  thicker  on  the  anterior  and  posterior 
surfaces,  where  it  forms  two  bands,  than  on  the  lat«ra1  surfaces.  In  addition,  two  bands  of  plain 
muscular  tissue  arise  from  the  second  and  third  coccygeal  vertfbrs,  and  pass  downward  and 
forward  to  blend  with  the  longitudinal  muscular  fibres  on  the  posterior  wall  of  the  anal  canal. 
These  are  known  as  the  BectocoecTCMl  muBclM. 

The  circular  fibres  form  a  thin  layer  over  the  cecum  and  colon,  being  especially  accumulated 
in  the  intervals  between  the  sacculi;  in  the  rectum  they  form  a  thick  layer,  and  in  the  anal  canal 
they  become  numerous,  and  constitute  the  Sphincter  ani  intemus. 

The  ueoUr  coat  (tela  mibmucosa;  submucous  coat)  connects  the  muscular  and  mucous  layers 
closely  together. 

The  mucoiu  mBmbrane  (tunica  mucosa)  in  the  cectmi  and  colon,  is  pale,  smooth,  destitute  of 
villi,  and  raised  into  numerous  crMCOTtijtolds  which  correspond  to  the  intervale  between  the 
sacculi.  In  the  rectum  it  is  thicker,  bradSTker  color,  more  vascular,  and  connected  loosely  to 
the  muscular  coat,  as  in  the  (psophagus. 


Solitary  lympAolie  nodvie 


As  in  the  small  intestine,  the  mucous  membrane  (Fig.  998)  consists  of  a  muscular  layer,  the 
muscularis  mucosae;  a  quantity  of  retiform  tissue  in  which  the  vessels  ramify;  a  basement-mem- 
brane and  epitheUum  which  is  of  the  columnar  variety,  and  resembles  the  epithelium  found  in 
the  small  intestine.  The  mucous  membrane  of  the  lai^  intestine  presents  for  examination  glands 
and  soUtary  lymphatic  nodules. 

The  glands  of  the  great  intestine  are  minute  tubular  prolongations  of  the  mucous  membrane 
arranged  perpendicularly,  side  by  side,  over  its  entire  surface;  they  are  longer,  more  numerous, 
and  placed  in  much  closer  apposivion  than  those  of  the  small  intestine;  and  they  open  by  minute 
rotmded  orifices  upon  the  aivface,  giving  it  a  cribriform  appearance.  Each  gland  is  lined  by 
short  columnar  epitheUum  and  contains  numerous  goblet  cells. 

The  aoUtary  lymphatic  nodtllM  [noduli  lymphatic  solitarii)  (Fig.  998)  of  the  large  intestine 
are  most  abundant  in  the  cecum  and  vermiform  process,  but  are  irregularly  scattered  also  over 
the  rest  of  the  intestine.    They  are  similar  to  those  of  the  small  intestine. 

Tntels  and  H«TVW. — The  arteriM  supplying  the  colon  are  derived  from  the  cohc  and  sigmoid 
branches  of  the  mesenl«ric  arteries.  They  give  off  large  branches,  which  ramify  between  and 
supply  the  muscular  coals,  and  after  dividing  into  small  vessels  in  the  submucous  tissue,  pass 
to  the  mucous  membrane.  The  rectum  is  supplied  by  the  superior  hemorrhoidal  branch  of  the 
inferior  mesenteric,  and  the  anal  canal  by  the  middle  hemorrhoidal  from  the  hjrpogastric,  and 
the  inferior  hemorrhoidal  from  the  internal  pudendal  artery.  The  superior  hemorrhoidal,  the 
continuation  of  the  superior  mesenteric,  divides  into  two  branches,  which  run  down  either  side 
of  the  rectum  to  within  about  12.5  cm.  of  the  anus;  they  here  spUt  up  into  about  six  branches, 
which  pierce  the  muscular  coat  and  descend  between  it  and  the  mucous  membrane  in  a  longi- 
75 
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tudinal  direction,  parallel  with  each  other  as  far  as  the  Sphincter  ani  intemus,  where  they  anas- 
tomose with  the  other  hemorrhoidal  arteries  and  form  a  series  of  loops  aroimd  the  anus.  The 
veiiis  of  the  rectum  oonunence  in  a  plexus  of  vessels  which  surrounds  the  anal  canal.  In  the 
vessels  forming  this  plexus  are  smaller  saccular  dilatations  just  within  the  margin  of  the  anus; 
from  the  plexus  about  six  vessels  of  considerable  size  are  given  off.  These  ascend  between  the 
muscular  and  mucous  coats  for  about  12.5  cm.,  running  parallel  to  each  other;  they  then 
pierce  the  muscular  coat,  and,  by  their  union,  form  a  single  trunk,  the  superior  hemorrhoidal 
vein.  This  arrangement  is  termed  the  hemozrhoidal  plexiu;  it  commimicates  with  the  tribu- 
taries of  the  middle  and  inferior  hemorrhoidal  veins,  at  its  commencement,  and  thus  a  communi- 
cation is  established  between  the  systemic  and  portal  circulations.  The  lymphatics  of  the  laiige 
intestine  are  described  on  page  792.  The  nerves  are  derived  from  the  sympathetic  plexuses 
around  the  branches  of  the  superior  and  inferior  mesenteric  arteries.  They  are  distributed  in 
a  similar  way  to  those  found  in  the  small  intestine. 

Applied  Aiiatoiny. — ^The  small  intestine  is  much  exposed  to  injury,  but,  in  consequence  of 
elasticity  and  the  ease  with  which  one  coil  glides  over  another,  it  is  not  so  frequently  ruptured 
as  would  otherwise  be  the  case.  Any  part  of  it  may  be  ruptured,  but  probably  the  most  conmion 
situation  is  the  horizontal  portion  of  the  duodenum,  on  accoimt  of  its  being  more  fixed  than 
other  portions  of  the  bowel,  and  because  it  is  situated  in  front  of  the  bodies  of  the  vertebne, 
so  that  if  this  portion  of  the  intestine  is  struck  by  a  sharp  blow,  as  from  the  kick  of  a  horse,  it  is 
unable  to  glide  out  of  the  way,  but  is  compressed  against  the  bone  and  so  lacerated.  Wounds 
of  the  intestine  sometimes  occur.  If  the  woimd  is  a  small  puncture,  under,  it  is  said,  6  mm.  in 
length,  no  extravasation  of  the  contents  of  the  bowel  takes  place;  the  mucous  membrane  becomes 
everted  and  plugs  the  little  opening.  The  small  intestine,  and  most  frequently  the  ileum,  may 
become  strangulated  by  internal  bands,  or  through  apertures,  normal  or  abnormal.  The  bands 
may  be  formed  in  several  different  ways:  they  may  be  old  peritoneal  adhesions  from  previous 
attacks  of  peritonitis:  or  an  adherent  omentum  from  the  same  cause;  or  the  band  may  be  formed 
by  Meckel's  divierticulum,  which  has  contracted  adhesions  at  its  distal  extremity;  or  it  may  be 
the  result  of  the  abnormal  attachment  of  some  normal  structure,  as  the  adhesion  of  two  appen- 
dices epiploicae,  or  an  adherent  vermiform  process  or  uterine  tube.  Intussusception,  most  com- 
monly an  invagination  of  the  small  intestine  into  the  large,  may  take  place;  it  may  attain  great 
size,  and  it  is  not  uncommon  in  these  cases  to  find  the  colic  valve  projecting  from  the  anus. 
Stricture,  the  impaction  of  foreign  bodies,  and  twisting  of  the  gut  (volvulus)  may  also  lead  to 
intestinal  obstruction. 

Resection  of  a  portion  of  the  intestine  may  be  required  in  cases  of  gangrene;  for  the  removal 
of  new  growth  in  the  bowel;  in  dealing  with  artificial  anus;  and  in  cases  of  rupture.  The  opera- 
gion  is  termed  enleredomy,  and  is  performed  as  follows:  the  abdomen  having  been  opened  and 
the  amount  of  bowel  requiring  removal  having  been  determined  upon,  the  intestine  must  be 
clamped  on  either  side  of  this  portion  in  order  to  prevent  the  escape  of  any  of  its  contents  during 
the  operation-.  The  portion  of  the  bowel  is  then  separated  above  and  below  by  means  of  scissors. 
If  the  portion  resected  is  small,  it  may  be  simply  removed  from  the  mesentery  at  its  attachment, 
and  the  bleeding  vessels  tied;  but  if  it  be  large  it  \inll  be  necessary  to  take  away  a  triangular  piece 
of  the  mesentery,  and,  having  secured  the  vessels,  suture  the  cut  edges  of  this  structure  together. 
In  doing  this,  care  must  be  taken  not  to  leave  any  intestine  projecting  beyond  the  line  of  the 
section  of  mesentery,  as  gangrene  is  very  likely  to  occur  in  the  projecting  part  if  this  is  done. 
The  surgeon  then  proceeds  to  unite  the  cut  ends  of  the  bowel  together  by  what  is  termed  end-to- 
end  anastomosis.  There  are  many  ways  of  doing  this,  which  may  be  divided  into  two  classes, 
one  where  the  anastomosis  is  made  by  means  of  some  mechanical  appliance,  such  as  Murphy's 
button,  or  one  of  the  forms  of  decalcified  bone  bobbin;  and  the  other,  where  the  operation  is 
performed  by  suturing  the  ends  of  the  bowel  in  such  a  manner  that  the  peritoneum  covering  the 
two  divided  ends  is  brought  into  contact,  so  that  speedy  union  may  ensue. 

The  vermiform  process  is  very  liable  to  become  inflamed,  because  it  contains  a  relatively 
large  amount  of  lymphoid  tissue,  which  is  prone  to  bacterial  infection.  In  many  cases  the  inflam- 
mation is  set  up  by  the  impaction  in  it  of  a  solid  mass  of  feces  or  a  foreign  body,  or  by  the  inspis- 
sation  of  its  mucous  secretion  in  catarrhal  conditions.  The  inflammation  may  result  in  ulceration 
and  perforation,  or  if  very  acute  in  gangrene  of  the  process.  These  conditions  generally  require 
immediate  operative  interference,  and  in  chronic  cases  with  reeurring  attacks  of  inflammation 
it  is  always  advisable  to  remove  this  diverticulum  of  the  bowel.  In  incising  the  abdominal  wall 
for  this  operation,  the  muscles  should  be  split  in  the  direction  of  their  fibres  rather  than  cut 
across  in  order  to  prevent  subsequent  weakening  of  the  abdominal  parietes  and  the  occurrence 
of  a  ventral  hernia.  After  the  process  has  been  removed  it  is  better  to  suture  the  planes  of  the 
abdominal  wall  separately. 

In  external  hernia  the  ileum  is  the  portion  of  bowel  most  frequently  herniated.  When  a  part 
of  the  large  intestine  is  involved  it  is  usually  the  cecum,  and  this  may  occur  even  on  the  left  side. 
In  some  few  cases  the  vermiform  process  has  been  the  part  implicated  in  strangulated  hernia. 

Chronic  ulcer  of  the  duodenum  is  sometimes  met  with,  probably  produced  by  the  same  causes 
as  chronic  ulcer  of  the  stomach.     It  may  perforate  and  set  up  a  rapidly  fatal  peritonitis,  or  it 
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may  open  into  one  of  the  large  duodenal  vessels  and  cause  death  from  hemorrhage.    An  acute 
ulcer  sometimes,  but  rarely,  follows  extensive  bums  of  the  skin. 

The  calibre  of  the  large  intestine  gradually  diminishes  from  the  cecum,  which  has  the  greatest 
diameter  of  any  part  of  the  bowel,  to  the  point  of  junction  of  the  sigmoid  colon  with  the  rectiun. 
At  or  a  Uttle  below  this  point  stricture  most  commonly  occurs,  and  diminishes  in  frequency  as 
one  proceeds  upward  to  the  cecum.  When  distended  by  some  obstruction  low  down,  the  outline 
of  the  large  intestine  can  be  defined  throughout  nearly  the  whole  of  its  course — all,  in  fact,  except 
the  right  and  left  colic  flexures,  which  are  more  deeply  placed;  the  distension  is  most  obvious  in 
the  flanks  and  on  the  front  of  the  abdomen  just  above  the  umbilicus.  The  cecum,  however, 
is  the  portion  of  the  bowel  which  becomes  most  distended.*  It  may  assume  enormous  dimensions, 
and  has  been  known  to  give  way  from  the  distension,  causing  fatal  peritonitis.  The  right  colic 
flexure  and  the  right  extremity  of  the  transverse  colon  are  in  close  relationship  with  the  Uver, 
and  abscess  of  this  viscus  sometimes  bursts  into  the  gut  in  this  situation.  The  gall-bladder  may 
become  adherent  to  the  colon,  and  gallstones  may  find  their  way  into  the  latter  and  may  become 
impacted  or  may  be  discharged  per  anum.  The  mobility  of  the  sigmoid  colon  renders  it  more 
liable  to  become  the  seat  of  a  volvulus  or  twist  than  any  other  part  of  the  intestine.  It  generally 
occurs  in  patients  who  have  been  the  subjects  of  habitual  constipation,  and  in  whom,  therefore, 
the  mesocolon  is  elongated.  The  gut  at  this  part,  being  loaded  with  feces,  falls  over  the  part 
below,  and  so  gives  rise  to  the  twist. 

Hernia. — The  two  chief  sites  at  which  external  hernia  may  take  place  are  the  inguinal  region 
and  the  femoral  canal.  The  description  of  the  inguinal  canal  and  its  relations  will  be  found  on 
page  508,  and  that  of  the  femoral  canal  on  page  712.  Some  points  in  regard  to  the  disposition 
of  the  peritoneum  in  these  regions  may,  however,  be  recapitulated  here.  y^/^'//fii 

Between  the  upper  margin  of  the  front  of  the  pelvis  and  the  umbilicus,  thep^toneimi,  when 
viewed  from  behind,  will  be  seen  to  be  raised  into  five  folds,  with  intervfisimg  depressions,  by 
more  or  less  prominent  bands  which  converge  to  the  umbilicus  (Fig.  962)r  The  middle  umbilical 
ligament,  situated  in  the  middle  line,  is  covered  by  a  fold  of  peritoneum  known  as  the  middle 
umbilical  fold.  On  either  side  of  this  a  fold  of  peritoneum  around  the  obliterated  umbiUcal  artery 
forms  the  lateral  umbilical  fold.  To  either  side  of  these  three  cords  is  the  inferior  epigastric 
artery  covered  by  the  epifutric  fold.  Between  these  raised  folds  are  depressions  constituting 
the  so-called  foveee.  The  most  medial,  between  the  middle  and  lateral  umbilical  folds,  is  known 
as  the  sapravesical  fovea.  The  intermediate  one  is  situated  medial  to  the  pUca  epigastrica,  and 
is  termed  the  medial  ingniwal  fovea.  The  third  is  lateral  to  the  pUca  epigastrica,  and  is  known 
as  the  lateral  ingninal  fovea.  Occasionally  the  inferior  epigastric  arteiy  corresponds  in  position 
to  the  obliterated  hypogastric  artery,  and  then  there  is  but  one  fold  on  each  side  of  the  middle 
line.  In  the  usual  position  of  the  parts,  the  floor  of  the  lateral  inguinal  fovea  corresponds  to  the 
abdominal  inguinal  ring,  and  into  this  fovea  an  oblique  inguinal  hernia  descends.  Medial  to 
the  epigastric  fold  are  the  medial  inguinal  and  the  supravesical  fovesB,  and  through  either  of 
these  a  direct  hernia  may  descend.  The  whole  of  the  space  between  the  inferior  epigastric  artery, 
the  margin  of  the  Rectus  abdominis,  and  the  inguinal  ligament  is  known  as  Hesselbach's  triangle. 
Below  the  level  of  the  inguinal  ligament  is  a  small  depression  corresponding  to  the  position  of  the 
femoral  ring.    It  is  known  as  the  femoral  fovea,  and  into  it  a  femoral  hernia  descends. 

Tngninal  Hernia. — Inguinal  hernia  is  that  form  of  protrusion  which  makes  its  way  through 
the  abdominal  wall  in  the  inguinal  region.  There  are  two  principal  varieties  of  it:  lateral  or 
obUque,  and  medial  or  direct. 

In  oblique  inguinal  hernia  the  intestine  escapes  from  the  abdominal  cavity  at  the  abdominal 
inguinal  ring,  pushing  before  it  a  pouch  of  peritoneum  which  forms  the  hernial  sac.  As  it  enters 
the  inguinal  canal  it  receives  an  investment  from  the  extraperitoneal  tissue  and  is  enclosed  in 
the  infundibuUform  fascia.  In  passing  along  the  inguinal  canal  it  displaces  upward  the  arched 
fibres  of  the  Transversus  and  Obliquus  intemus,  and  receives  a  covering  of  Cremaster  muscle 
and  cremasteric  fascia.  It  then  passes  along  the  front  of  the  spermatic  cord  and  escapes  from 
the  inguinal  canal  at  the  subcutaneous  inguinal  ring)  becoming  invested  by  intercrural  fascia. 
Lastly  it  descends  into  the  scrotum,  receiving  coverings  from  the  superficial  fascia  and  the 
integument. 

The  seat  of  stricture  in  oblique  inguinal  hernia  is  at  either  the  abdominal  or  the  subcutaneous 
inguinal  ring;  most  frequently  in  the  latter  situation.  If  it  is  situated  at  the  subcutaneous  ring, 
the  division  of  a  few  fibres  at  one  point  of  the  circumference  is  all  that  is  necessary  for  the  replace- 
ment of  the  hernia.  If  at  the  abdominal  ring,  it  is  necessary  to  divide  the  aponeurosis  of  the 
ObUquus  extemus  so  as  to  lay  open  the  inguinal  canal,  in  dividing  the  aponeurosis  the  incision 
should  be  directed  parallel  to  the  inguinal  hgament,  and  the  constriction  at  the  abdominal  ring 
should  then  be  divided  directly  upward. 

When  the  intestine  passes  along  the  inguinal  canal  and  escapes  from  the  subcutaneous  ring 
into  the  scrotum,  it  is  called  complete  oblique  inguinal  or  scrotal  hernia.  If  the  intestine  does  not 
escape  from  the  subcutaneous  ring,  but  is  retained  inline  inguinal  canal,  it  is  called  incomplete 
inguinal  hernia  or  bubonocele.  In  each  of  these  cases  the  coverings  which  invest  it  will  depend 
upon  the  extent  to  which  it  descends  in  the  inguinal  canal. 


1188 


SPLANCHNOLOGY 


TVMIC 

VAOIMAU 


Complete  oblique  Inguinal 


Complete  congenital 


TumCA 
VAOINALt 


Incomplete  congenital 
Fia.  990. — Varieties  of  oblique  inguinal  hernia. 


There  are  some  other  varieties  of  oblique  inguinal  hernia  (Fig.  999}  depending  upon  congenital 
defects  in  the  saccus  vaginalis,  the  pouch  of  peritoneum  which  precedes  the  descent  of  the  testis. 
Normally  this  pouch  is  closed  before  birth,  closure  commencing  at  two  points,  viz.,  at  the  abdomi- 
nal inguinal  ring  and  at  the  top  of  the  epididymis,  and  gradually  extending  until  the  whole  of 
the  intervening  portion  is  converted  into  a  fibrous  cord.    From  failure  in  the  completion  of  this 

process,  variations  in  the  relation  of  the 
hernial  protrusion  to  the  testis  and 
tunica  vaginalis  are  produced;  these 
constitute  distinct  varieties  of  in0:uinal 
hernia,  viz.,  the  hernia  of  the  funicular 
process  and  the  complete  congenital 
variety. 

Where  the  saccus  vaginalis  remains 
patent  throughout,  the  cavity  of  the 
tunica  vaginahs  conmiunicates  directly 
with  that  of  the  peritoneum.  The  in- 
testine descends  along  this  pouch  into 
the  cavity  of  the  tunica  vaginalis  which 
constitutes  the  sac  of  the  hernia,  and 
the  gut  Ues  in  contact  with  the  testis. 
Though  this  form  of  hernia  is  termed 
complete  congenital,  the  term  does  not 
imply  that  the  hernia  existed  at  birth, 
but  merely  that  a  condition  is  present 
which  may  allow  of  the  descent  of  the 
hernia  at  any  moment.  As  a  matter  of 
fact,  congenital  hemise  frequently  do 
not  appear  until  adult  life. 

Where  the  processus  vaginalis  is 
occluded  at  the  lower  point  only,  i.  e., 
just  above  the  testis,  the  intestine 
descends  into  the  pouch  of  peritoneum 
as  far  as  the  testis,  but  is  prevented 
from  entering  the  sac  of  the  timica  vaginalis  by  the  septum  which  has  formed  between  it  and  the 
pouch.  This  is  known  as  hernia  into  the  funicular  process  or  incomplete  congenital  hernia:  it 
differs  from  the  former  in  that  instead  of  enveloping  the  testis  it  lies  above  it. 

In  direct  inguinal  hernia  the  protrusion  makes  its  way  through  some  part  of  Hesselbach's 
triangle,  either  through  (a)  the  lateral  part,  where  only  extraperitoneal  tissue  and  transversalis 
fascia  intervene  between  the  peritoneum  and  the  aponeurosis  of  the  Obhquus  extemus;  or  through 
(5)  the  inguinal  aponeurotic  falx  which  stretches  across  the  medial  two-thirds  of  the  triangle 
betweep  the  artery  and  the  middle  line.  In  the  former  the  hernial  protrusion  escapes  from 
the  abdomen  on  the  lateral  side  of  the  inguinal  falx,  pushes  before  it  the  peritoneum,  extra- 
peritoneal tissue,  and  transversalis  fascia,  and  enters  the  inguinal  canal.  It  passes  along  nearly 
the  whole  length  of  the  canal  and  finally  emerges  from  the  subcutaneous  ring,  receiving  an  invest- 
ment from  the  intercrural  fascia.  The  coverings  of  this  form  of  hernia  are  similar  to  those  of 
the  obUque  form,  except  that  a  portion  derived  from  the  general  layer  of  transversalis  fascia 
replaces  the  infundibuliform  fascia. 

In  the  second  form,  which  is  the  more  frequent,  the  hernia  is  either  forced  through  the  fibres 
of  the  inguinal  falx,  or  the  falx  is  gradually  distended  in  front  of  it  so  as  to  form  a  complete 
investment  for  it.  The  intestine  then  enters  the  lower  end  of  the  inguinal  canal,  escapes  at  the 
subcutaneous  ring,  lying  on  the  medial  side  of  the  cord,  and  receives  additional  coverings  from 
the  intercrural  fascia;  the  superficial  fascia  and  the  integument.  The  coverings  of  this  form 
therefore  differ  from  those  of  the  oblique  form  in  that  the  inguinal  falx  is  substituted  for  the 
Cremaster,  and  the  infundibuliform  fascia  is  replaced  by  a  portion  of  the  general  layer  of  the 
transversalis  fascia. 

The  seat  of  stricture  in  both  varieties  of  direct  hernia  is  usually  found  either  at  the  neck  of  the 
sac  or  at  the  subcutaneous  ring.  In  that  form  which  perforates  the  inguinal  falx  ij  not  infrequently 
occurs  at  the  edges  of  the  fissure  through  which  the  gut  passes.  In  all  cases  of  inguinal  hernia, 
whether  direct  or  oblique,  it  is  proper  to  divide  the  stricture  directly  upward;  by  cutting  in  this 
direction  the  incision  is  made  parallel  to  the  inferior  epigastric  artery — lateral  to  it  in  the  oblique 
variety,  medial  to  it  in  the  direct  form  of  hernia;  all  chance  of  wounding  the  vessel  is  thus  avoided. 
Direct  inguinal  hernia  is  of  much  less  frequent  occurrence  than  oblique,  and  is  found  more  often 
in  men  than  in  women.  The  main  differences  in  position  between  it  and  the  oblique  form  are: 
(a)  it  is  placed  over  the  pubis  and  not  in  the  course  of  the  inguinal  canal;  (6)  the  inferior  epi- 
gastric artery,  runs  on  the  lateral  or  iliac  side  of  the  neck  of  the  sac;  and  (c)  the  spermatic  cord 
lies  along  its  lateral  and  posterior  sides,  not  directly  behind  it  as  in  oblique  inguinal  hernia. 
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Femoral  Hernia. — In  femoral  hernia  the  protrusion  of  the  intestine  takes  place  through  the 
femoral  ring.  As  already  described  (page  712).  this  ring  is  closed  by  the  femoral  septum,  a 
partition  of  modified  extraperitoneal  tissue;  it  is  therefore  a  weak  spot  in  the  abdominal  wall, 
and  especially  in  the  female,  where  the  ring  is  larger  and  where  profound  changes  are  produced 
in  the  tissues  of  the  abdomen  by  pregnjincy.  Femoral  hernia  is  therefore  more  conmion  in 
women  than  in  men. 

When  a  portion  of  intestine  is  forced  through  the  femoral  ring,  it  carries  before  it  a  pouch  of 
peritoneum,  which  forms  the  hernial  sac.  It  receives  an  investment  from  the  extraperitoneal 
tissue  or  femoral  septum,  and  descends  along  the  femoral  canal,  or  inner  compartment  of  the 
sheath  of  the  femoral  vessels,  as  far  as  the  fossa  ovalis;  at  this  point  it  changes  its  course,  being 
prevented  from  extending  farther  down  the  sheath  on  account  of  the  narrowing  of  the  latter, 
and  its  close  contact  with  the  vessels,  and  also  the  close  attachment  of  the  superficial  fascia 
and  femoral  sheath  to  the  lower  part  of  the  circumference  of  the  fossa  ovalis.  The  tumor  is 
consequently  directed  forward,  pushing  before  it  the  fascia  cribrosa,  and  then  curves  upward 
over  the  inguinal  ligament  and  the  lower  part  of  the  aponeurosis  of  the  Obliquus  extemus.  being 
covered  by  the  superficial  fascia  and  integument.  While  the  hernia  is  contained  in  the  femoral 
cani&l  it  is  usually  of  small  size,  owing  to  the  resisting  nature  of  the  surrounding  parts,  but  when 
it  escapes  from  the  fossa  ovalis  into  the  loose  areolar  tissue  of  the  groin  it  becomes  considerably 
enlarged.  The  direction  taken  by  a  femoral  hernia  is  at  first  downward,  then  forward  and  up- 
ward; in  the  application  of  taxis  for  the  reduction  of  a  femoral  hernia  therefore,  pressure  should 
be  directed  in  the  reverse  order. 

The  coverings  of  a  femoral  hernia  from  within  outward  are:  peritoneum,  femoral  septum, 
femoral  sheath,  fascia  cribrosa,  superficial  fascia,  and  integument.  Sir  Astley  Cooper  has  described 
an  investment  for  femoral  hernia  under  the  name  of  fascia  propriaf  lying  inmiediately  external 
to  the  peritoneal  sac  but  frequently  separated,  from  it  by  some  adipose  tissue.  Surgically  it  is 
important  to  remember  the  frequent  existence  of  this  layer  on  account  of  the  ease  with  which  an 
inexperienced  operator  may  mistake  the  fascia  for  the  peritoneal  sac  and  the  contained  fat  for 
omentum,  as  there  is  often  a  great  excess  of  subperitoneal  fatty  tissue  enclosed  in  the  ''fascia 
propria. '^  In  many  cases  it  resembles  a  fatty  tumor,  but  on  further  dissection  the  true  hernial 
sac  will  be  found  in  the  centre  of  the  mass  of  fat.  The  fascia  propria  is  merely  modified  extra- 
peritoneal tissue  which  has  been  thickened  to  form  a  membranous  sheet  by  the  pressure  of  the 
hernia. 

When  the  intestine  descends  along  the*  femoral  canal  only  as  far  as  the  foesa  ovalis  the  con- 
dition is  known  as  incomplete  femoral  hernia.  The  small  size  of  the  protrusion  in  this  form  of 
hernia,  on  account  of  the  firm  and  resisting  nature  of  the  canal  in  which  it  is  contained,  renders 
it  an  exceedingly  dangerous  variety  of  the  disease,  from  the  extreme  difficulty  of  detecting  the 
existence  of  the  swelling,  especially  in  corpulent  subjects.  The  coverings  of  an  incomplete 
femoral  hernia  would  be  from  without  inward:  integument,  superficial  fascia,  superior  cornu  of 
falciform  margin  of  the  fossa  ovalis,  femoral  sheath,  femoral  septum,  and  peritoneum. 

The  seat  of  stricture  of  a  femoral  hernia  varies:  it  may  be  in  the  peritoneum  at  the  neck  of 
the  hernial  sac;  in  the  greater  number  of  cases  it  is  at  the  point  of  jimction  of  the  falciform  margin 
of  the  fossa  ovalis  with  the  free  edge  of  the  lacunar  ligament;  or  it  may  be  at  the  margin  of  the 
fossa  ovalis.  The  stricture  should  in  every  case  be  divided  in  a  direction  upward  and  medialward 
for  a  distance  of  about  4  to  6  nmi.  All  vessels  or  other  structures  of  importance  in  relation  to 
the  neck  of  the  sac  will  thus  be  avoided. 

The  pubic  tubercle  forms  an  important  landmark  in  serving  to  differentiate  the  inguinal  from 
the  femoral  variety  of  hernia.  The  inguinal  protrusion  is  above  and  medial  to  the  tubercle,  while 
the  femoral  is  below  and  lateral  to  it. 

There  are  several  details  of  practical  interest  in  connection  with  the  mesentery  which  merit 
notice.  (1)  The  depth  of  the  mesentery — that  is  to  say,  the  distance  from  its  parietal  to  its 
intestinal  attachment — is  normally  less  than  20  cm.,  generally  nearer  15  cm. ;  but  under  certain 
abnormal  conditions  it  may  become  elongated,  and  this  would  appear  to  favor  the  occurrence  of 
hernia  of  the  intestine.  (2)  Not  only  may  the  depth  of  the  mesentery  be  increased,  but  its  point 
of  attachment  to  the  posterior  abdominal  wall  may  yield,  and  descend  over  the  lumbar  vertebrae. 
This  condition,  which  is  known  under  the  name  of  enteropiosiSf  usually  occurs  in  women  who 
have  borne  many  children,  and  is  attended  with  general  relaxation  of  the  abdominal  parietes. 
It  produces  a  characteristic  appearance,  the  abdomen  being  prominent  and  pendulous  below, 
while  above,  it  is  flattened  and  constricted.  (3)  Holes  are  sometimes  present  in  the  mesentery, 
and  these  may  be  congenital,  or  may  be  the  result  of  injury.  They  are  of  practical  importance, 
since  a  knuckle  of  intestine  may  become  herniated  into  one  of  them,  causing  acute  strangulation. 
(4)  The  lymph  glands  contained  between -the  two  layers  of  the  mesentery  are  frequently  the 
seat  of  tuberculous  deposit,  especially  in  children. 

The  colon  frequently  requires  opening  in  cases  of  intestinal  obstruction,  and  by  some  surgeons 
this  operation  is  performed  in  cases  of  cancer  of  the  rectum  as  soon  as  the  disease  is  recognized, 
in  the  hope  that  the  symptoms  may  be  relieved  by  removing  the  irritation  produced  by  the 
passage  of  fecal  matter  over  the  diseased  surface.    The  operation  of  colostomy  may  be  performed 
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either  in  the  iliac  or  lumbar  region;  but  iliac  colostomy  has  in  the  present  day  entirely  super- 
seded the  lumbar  operation.  The  main  reason  for  preferring  this  operation  is  that  a  spur-shaped 
process  of  the  mesocolon  can  be  formed,  which  prevents  any  fecal  matter  finding  its  way  past 
the  artificial  anus,  and  the  greater  ease  in  maintaining  cleanliness.  The  sigmoid  colon  being 
entirely  surrounded  by  peritoneum,  a  coil  can  be  drawn  out  of  the  wound  and  opened,  leaving  the 
attachment  of  the  mesocolon  to  form  a  spur,  much  as  it  does  in  an  artificial  anus  caused  by 
sloughing  o^he  intestine  after  a  strangulated  hernia,  and  this  prevents  any  fecal  matter  finding 
its  way  from  the  gut  above  the  opening  into  that  below.  The  operation  is  performed  by  making 
an  incision  5  to  7  cm.  long  from  a  point  2.5  cm.  medial  to  the  anterior  superior  iliac  spine,  parallel 
to  the  inguinal  ligament.  The  various  muscular  layers  are  cut  through,  and  the  peritoneum 
opened;  the  sigmoid  colon  is  now  sought  for,  pulled  out  of  the  wound,  and  fixed  by  passing  a 
needle  threaded  with  carbolized  silk  first  through  the  mesocolon  close  to  the  gut,  and  then  through 
the  abdominal  wall.  The  wound  is  dressed,  and  about  the  second  day  the  protruding  coil  of 
intestine  is  opened. 

The  surgical  anatomy  of  the  rectum  is  of  considerable  importance.  There  may  be  congenital 
malformations  due  to  arrest  of,  or  imperfection  in,  development.  Thus,  there  may  be  no  proo- 
todoeal  invagination  (see  page  174),  and  consequently  a  complete  absence  of  the  anus;  or  the 
hind-gut  may  be  imperfectly  developed,  and  there  may  be  an  absence  of  the  rectum,  though  the 
anus  is  developed;  or  the  ectodermal  invagination  may  not  communicate  with  the  termination 
of  the  hind-gut  from  want  of  solution  of  continuity  in  the  septum  which  in  early  fetal  life  exists 
between  the  two.  The  mucous  membrane  is  thick  and  but  loosely  connected  to  the  muscular 
coat  beneath,  and  thus  favors  prolapse,  especially  in  children.  The  vessels  of  the  rectum  are 
arranged,  as  mentioned  above,  longitudinally,  and  are  contained  in  the  loose  cellular  tissue 
between  the  mucoiis  and  muscular  coats,  and  receive  no  support  from  surrounding  tissues,  and 
this  favors  varicosity.  Moreover,  the  veins,  after  running  upward  in  a  longitudinal  direction  for 
about  12.5  cm.  in  the  submucous  tissue,  pierce  the  muscular  coats,  and  are  liable  to  become 
constricted  at  this  spot  by  the  contraction  of  the  muscular  wall  of  the  gut.  In  addition  to  this 
there  are  no  valves  in  the  superior  hemorrhoidal  veins,  and  the  vessels  of  the  rectum  are  p^laced 
in  a  dependent  pocfition,  and  are  liable  to  be  pressed  upon  and  obstructed  by  hardened  feces. 
The  anatomical  arrangement,  therefore,  of  the  hemorrhoidal  vessels  explains  the  great  tendency 
to  the  occurrence  of  piles.  The  presence  of  the  Sphincter  ani  extemus  is  of  surgical  importance, 
since  it  is  the  constant  contraction  of  this  muscle  which  prevents  an  ischiorectal  abscess  from 
healing,  and  causes  it  to  become  a  fistula.  Also  the  refiex  contraction  of  this  muscle  is  the  cause 
of  the  severe  pain  complained  of  in  fissure  of  the  anus.  The  relations  of  the  peritoneum  to  the 
bowel  are  of  importance  in  connection  with  the  operation  of  removal  of  the  rectum  for  malignant 
disease.  This  membrane  gradually  leaves  the  rectum  as  it  descends  into  the  pelvis;  first  leaving 
its  posterior  surface,  then  the  sides,  and  then  the  anterior  surface,  to  become  reflected,  in  the 
male  on  to  the  posterior  wall  of  the  bladder,  forming  the  rectovesical  excavation,  and  in  the 
female  on  to  the  posterior  wall  of  the  vagina,  forming  rectouterine  excavation.  The  recto- 
vesical excavation  extends  to  within  7.6  cm.  from  the  anus.  Within  recent  years  much  more 
extensive  operations  have  been  done  for  the  removal  of  cancer  of  the  rectum,  and  in  these  the 
peritoneal  cavity  has  necessarily  been  opened.  If,  in  these  cases,  the  opening  is  plugged  with 
antiseptic  gauze  until  the  operation  is  completed  and  then  the  edges  of  the  wound  in  the  peri- 
toneum are  accurately  brought  together  with  sutures,  no  evil  result  appears  to  follow.  For  cases 
of  cancer  of  the  rectimi  which  are  too  low  to  be  reached  by  abdominal  section,  and  too  high  to 
be  removed  by  the  perineum,  Kraske  has  devised  an  operation  which  goes  by  his  name.  The 
patient  is  placed  on  his  right  side  and  an  incision  is  made  from  the  last  piece  of  the  sacrum  to 
the  anus.  The  soft  parts  are  now  separated  from  the  back  of  the  sides  of  the  sacrum  and  coccyx, 
and  the  sacrotuberous  and  sacrospinous  ligaments  are  separated.  The  coccyx  is  removed,  and 
if  necessary  a  small  piece  of  the  sacrum,  and  the  edges  of  the  wound  being  now  forcibly  drawn 
outward,  a  considerable  length  of  the  rectum  is  brought  into  view,  and  the  diseased  portion  can 
be  removed;  leaving  the  anal  portion  of  the  gut,  if  healthy.  The  two  divided  ends  of  the  gut 
can  sometimes  be  approximated  and  sutured  together,  the  posterior  part  being  left  open  for 
drainage. 

The  loose  connective  tissue  around  the  rectum  is  occasionally  the  site  of  an  abscess,  the  active 
focus  of  which,  however,  may  be  located  elsewhere.  This  form  of  abscess  may  be  described  as 
the  superior  pelvic  rectal;  it  is  placed  above  the  pelvic  diaphragm  but  beneath  the  peritoneum. 
The  acute  variety  is  generally  due  to  ulceration  or  perforation  of  the  bowel  (possibly  produced 
by  a  foreign  body)  above  the  level  of  attachment  of  the  Levator  ani.  The  abscess  may  also  occur 
above  a  stricture  (simple  or  malignant)  of  the  rectum;  occasionally  it  arises  from  suppuration 
around  the  prostate,  and  more  rarely  follows  abscess  of  the  vesiculae  seminales.  Chronic  abscesses 
also  appear  in  the  same  region  either  from  caries  of  the  anterior  surface  of  the  sacnun  or  from 
caseation  of  the  presacral  lymph  glands,  while  in  other  cases  an  abscess  finds  its  way  down  into 
the  pelvis  from  disease  of  the  anterior  surfaces  of  the  bodies  of  the  lumbar  vertebrae. 
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The  Liver  (Hepar). 

The  liver  is  the  largest  gland  in  the  body,  and  is  situated  in  the  upper  and  right 
parts  of  the  abdominal  cavity,  occupying  almost  the  whole  of  the  right  hypochon- 
drium,  the  greater  part  of  the  epigastrium,  and  not  uncommonly  extending  into 
the  left  hypochondrium  as  far  as  the  mammary  line.  In  the  male  it  Weighs  from 
1.4  to  1.6  kilogm.,  in  the  female  from  1.2  to  1.4  kilogm.  It  is  relatively  much  larger, 
in  the  fetus  than  in  the  adult,  constituting,  in  the  former,  about  one-eighteenth, 
and  in  the  latter  about  one  thirty-sixth  of  the  entire  body  weight.  Its  greatest 
transverse  measurement  is  from  20  to  22.5  cm.  Vertically,  near  its  lateral  or  right 
surface,  it  measures  about  15  to  17.5  cm.,  while  its  greatest  antero-posterior  diame- 
ter is  on  a  level  with  the  upper  end  of  the  right  kidney,  and  is  from  10  to  12.5  cm. 
Opposite  the  vertebral  column  its  measurement  from  before  backward  is  reduced 
to  about  7.5  cm.  Its  consistence  is  that  of  a  soft  solid;  it  is,  however,  friable  and 
easily  lacerated;  its  color  is  a  dark  reddish  brown,  and  its  specific  gravity  is  1.05. 

To  obtain  a  correct  idea  of  its  shape  it  must  be  hardened  in  situ,  and  it  will 
then  be  seen  to  present  the  appearance  of  a  wedge,  the  base  of  which  is  directed 
to  the  right  and  the  thin  edge  toward  the  left.  Symington  describes  its  shape 
as  that  "  of  a  right-angled  triangular  prism  with  the  right  angle  rounded  off." 

Surfaces. — ^The  liver  possesses  five  surfaces,  viz.,  superior,  inferior,  anterior,  pos- 
terior, and  right  lateral.  A  sharp,  well-defined  margin  divides  the  inferior  from 
the  superior,  anterior,  and  right  lateral  surfaces,  but  the  other  surfaces  are  separated 
from  one  another  by  rounded  borders.  The  superior  and  anterior  surfaces  are 
attached  to  the  Diaphragma  and  anterior  abdominal  wall  by  a  triangular  or  falci- 
form fold  of  peritoneum,  the  falciform  ligament,  in  the  free  margin  of  which  is  a 
rounded  cord,  the  ligamentum  teres  {obliterated  umbilical  vein).  The  line  of  attach- 
ment of  the  falciform  ligament  divides  the  liver  into  two  parts,  termed  the  right 
and  left  lobes,  the  right  being  much  the  larger.  The  inferior  and  posterior  surfaces 
are  divided  into  five  lobes  by  five  fossae,  which  are  arranged  in  the  form  of  the  letter 
H.  The  left  limb  of  the  H  marks  on  these  surfaces  the  division  of  the  liver  into 
right  and  left  lobes;  it  is  known  as  the  left  sagittal  fossa,  and  consists  of  two  parts, 
viz.,  the  fossa  for  the  umbilical  vein  in  front  and  the  fossa  for  the  ductus  venosus 
behind.  The  right  limb  of  the  H  is  formed  in  front  by  the  fossa  for  the  gall-bladder, 
and  behind  by  the  fossa  for  the  inferior  vena  cava;  these  two  fossae  are  separated 
from  one  another  by  a  band  of  liver  substance,  termed  the  caudate  process.  The 
bar  connecting  the  two  limbs  of  the  H  is  the  porta  {transverse  fissure))  in  front  of  it 
is  the  quadrate  lobe,  behind  it  the  caudate  lobe. 

The  superior  surface  {fades  superior)  (Fig.  1000)  comprises  a  part  of  both  lobes, 
and,  as  a  whole,  is  convex,  and  fits  under  the  vault  of  the  Diaphragma;  its  central 
part,  however,  presents  a  shallow  depression,  which  corresponds  with  the  position 
of  the  pericardium  on  the  upper  surface  of  the  Diaphragma.  It  is  separated  from 
the  anterior,  posterior,  and  right  lateral  surfaces  by  rounded  borders.  Its  left 
extremity  is  separated  from  the  under  surface  by  a  prominent  sharp  margin. 
Except  along  the  lines  of  attachment  of  the  falciform  ligament  it  is  completely 
covered  by  peritoneum. 

The  anterior  surface  is  large,  triangular  in  shape,  and  also  comprises  a  part  of 
both  lobes.  It  is  directed  forward,  and  the  greater  part  of  it  is  in  contact  with 
the  Diaphragma,  which  separates  it  on  the  right  from  the  sixth  to  the  tenth  ribs 
and  their  cartilages,  and  on  the  left  from  the  seventh  and  eighth  costal  cartilages. 
Its  middle  part  lies  behind  the  xiphoid  process,  and,  in  the  angle  between  the  diverg- 
ing rib  cartilage  of  opposite  sides,  is  in  contact  with  the  abdominal  wall.  It  is 
separated  from  the  inferior  surface  by  a  sharp  margin,  and  from  the  superior  and 
right  lateral  surfaces  by  rounded  borders,  It  is  completely  covered  by  peritoneum 
except  along  the  line  of  attachment  of  the  falciform  ligament. 
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The  light  lateral  surface  is  covered  by  peritoneum,  and  is  convex  from  before 
b&ckward  and  slightly  so  from  above  downward.  It  is  directed  toward  the  right 
side,  forming  the  base  of  the  wedge,  and  lies  against  the  lateral  portion  of  the  Dia- 
phragma,  which  separates  it  from  the  lower  part  of  the  pleura  and  lung,  outside 
which  are  the  right  costal  arches  from  the  seventh  to  the  eleventh  inclusive. 


Ltft  trumgular  Ugamrnt 

Flo.  1000.— The  tnipcrior,  Bnurior,  and  right  iHtcml  lurfanNi  a(  the  Uver.     (From  model  by  Hie.) 

The  inferior  surface  (fades  inferior;  visceral  surface)  (Figs.  1001  1002)  is  uneven, 
concave,  directed  downward,  backward,  and  to  the  left,  and  is  in  relation  with 
the  stomach  and  duodenum,  the  right  colic  flexure,  and  the  right  kidney  and  supra- 
renal  gland.  The  surface  is  almost  completely  invested  by  peritoneum;  the  only 
parts  devoid  of  this  covering  are  where  the  gall-bladder  is  attached  to  the  liver, 
and  at  the  porta  Jiepatis  where  the  two  lasers  of  the  lesser  omentum  are  separated 
from  each  other  b\-  the  blooch-essels  and  ducts  of  the  liver.  The  inferior  surface 
of  the  left  lobe  presents  behind  and  to  the  left  the  gastric  impression,  moulded 
over  the  antero-superior  surface  of  the  stomach,  and  to  the  right  of  this  a  rounded 
eminence,  the  tuber  omentale,  which  fits  into  the  concavity  of  the  lesser  curvature 
of  the  stomach  and  lies  in  front  of  the  anterior  layer  of  the  lesser  omentum.  The 
under  surface  of  the  right  lobe  is  divided  into  two  unequal  portions  by  the  fossa 
for  the  gall-bladder;  the  portion  to  the  left,  the  smaller  of  the  two,  is  the  quadrate 
lobe,  and  is  in  relation  with  the  pyloric  end  of  the  stomach,  the  superior  portion 
of  the  ddodt^uum,  and  the  transverse  colon.  The  portion  of  the  under  surface  of 
the  right  lobe  to  the  right  of  the  fossa  for  the  gall-bladder  presents  two  impressions, 
one  situated  behind  the  other,  and  separated  by  a  ridge.  The  anterior  of  these 
two  impressions,  the  colic  imi^ession,  is  shallow  and  is  produced  by  the  right  colic 
flexure;  the  posterior,  the  renal  impression,  is  deeper  and  is  occupied  b.\-  the  upper 
part  of  the  right  kidne>'  and  lower  part  of  the  right  suprarenal  gland.  Medial 
■  to  the  renal  impression  is  a  third  ami  slightly  marked  impression,  lying  between  it 
and  the  neck  of  the  gall-bladder.  This  is  caused  by  the  descending  portion  of  the 
duodenum,  and  is  known  as  the  duodenal  impression,  -lust  in  front  of  the  inferior 
vena  cava  is  a  narrow  strip  of  iiver  tissue,  the  caudate  process,  which  connects 
the  right  inferior  angle  of  the  caudate  lobe  to  the  under  surface  of  the  right  lobe. 
It  forms  the  upper  boundary  of  the  epiploic  foramen  of  the  peritoneum. 
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The  posterior  surface  {fades  posterior)  (Fig.  1002)  is  rounded  and  broad  behind 
the  right  lobe;  but  narrow  on  the  left.  0\'er  a  large  part  of  its  extent  it  is  not 
covered  by  peritoneum;  this  uncovered  portion  is  about  7.5  cm.  broad  at  its  widest 


part,  and  is  in  direct  contact  with  the  Diaphragma.  It  is  marked  off  from  the  upper 
surface  by  the  line  of  reflection  of  the  upper  lajer  of  the  coronary  ligament,  and 
from^the  under  surface  by  the  line  of  reflection  of  the  lower  layer  of  the  coronary 
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ligament.  The  central  part  of  the  posterior  surface  presents  a  deep  conca\'ity 
which  is  moulded  on  the  vertebral  column  and  crura  of  the  Diaphragma.  To  the 
right  of  this  the  inferior  vena  cava  is  lodged*  in  its  fossa  between  the  uncovered 
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area  and  the  caudate  lobe.  Close  to  the  right  of  this  fossa  and  immediately  above 
the  renal  impression  is  a  small  triangular  depressed  area,  the  suprarenal  impression, 
the  greater  part  of  which  is  devoid  of  peritoneum;  it  lodges  the  right  suprarenal 
gland.  To  the  left  of  the  inferior  vena  cava  is  the  caudate  lobe,  which  lies  between 
the  fossa  for  the  vena  cava  and  the  fossa  for  the  ductus  venosus.  Its  lower  end 
projects  and  forms  part  of  the  posterior  boundary  of  the  porta;  on  the  right,  it 
is  connected  with  the  under  surface  of  the  right  lobe  of  the  liver  by  the  caudate 
process,  and  on  the  left  it  presents  an  elevation,  the  papillary  process.  Its  posterior 
surface  rests  upon  the  Diaphragma,  being  separated  from  it  merely  by  the  upper 
part  of  the  omental  bursa.  To  the  left  of  the  fossa  for  the  ductus  venosus  is  a 
groove  in  which  lies  the  antrum  cardiacum  of  the  oesophagus. 

The  anterior  border  {margo  anterior)  is  thin  and  sharp,  and  marked  opposite 
the  attachment  of  the  falciform  ligament  by  a  deep  notch,  the  umbilical  notch, 
and  opposite  the  cartilage  of  the  ninth  rib  by  a  second  notch  for  the  fundus  of  the 
gall-bladder.  In  adult  males  this  border  generally  corresponds  with  the  lower 
margin  of  the  thorax  in  the  right  mammary  line;  but  in  women  and  children  it 
usually  projects  below  the  ribs. 

The  left  extremity  of  the  liver  is  thin  and  flattened  from  above  downward. 

FossSB. — ^The  left  sagittal  fossa  {fossa  sagittalis  sinistra;  longitudinal  fissure) 
is  a  deep  groove,  which  extends  from  the  notch  on  the  anterior  margin  of  the  liver 
to  the  upper  border  of  the  posterior  surface  of  the  organ;  it  separates  the  right  and 
left  lobes.  The  porta  joins  it,  at  right  angles,  and  divides  it  into  two  parts.  The 
anterior  part,  or  fossa  for  the  umbilical  vein,  lodges  the  umbilical  vein  in  the  fetus, 
and  its  remains  (the  ligamentum  teres)  in  the  adult;  it  lies  between  the  quadrate 
lobe  and  the  left  lobe  of  the  liver,  and  is  often  partially  bridged  over  by  a  pro- 
longation of  the  hepatic  substance,  the  pons  hepatis.  The  posterior  part,  or  fossa 
for  the  ductus  venosus,  lies  between  the  left  lobe  and  the  caudate  lobe;  it  lodges  in 
the  fetus,  the  ductus  venosus,  and  in  the  adult  a  slender  fibrous  cord,  the  ligamentum 
venosum,  the  obliterated  remains  of  that  vessel. 

The  porta  or  transverse  fissure  {porta  hepaiis)  is  a  short  but  deep  fissure,  about 
5  cm.  long,  extending  transversely  across  the  under  surface  of  the  left  portion  of  the 
right  lobe,  nearer  its  posterior  siu^ace  than  its  anterior  border.  It  joins  nearly 
at  right  angles  with  the  left  sagittal  fossa,  and  separates  the  quadrate  lobe  in 
front  from  the  caudate  lobe  and  process  behind.  It  transmits  the  portal  vein, 
the  hepatic  artery  and  nerves,  and  the  hepatic  duct  and  lymphatics.  The  hepatic 
duct  lies  in  front  and  to  the  right,  the  hepatic  artery  to  the  left,  and  the  portal 
vein  behind  and  between  the  duct  and  artery. 

The  fossa  for  the  gall-bladder  {fossa  vesicae  felleae)  is  a  shallow,  oblong  fossa, 
placed  on  the  under  surface  of  the  right  lobe,  parallel  with  the  left  sagittal  fossa. 
It  extends  from  the  anterior  free  margin  of  the  liver,  which  is  notched  bv  it,  to  the 
right  extremity  of  the  porta. 

The  fossa  for  the  inferior  vena  cava  {fossa  venae  cavae)  is  a  short  deep  depression, 
occasionally  a  complete  canal  in  consequence  of  the  substance  of  the  liver  surround- 
ing the  vena  cava.  It  extends  obliquely  upward  on  the  posterior  surface  between 
the  caudate  lobe  and  the  bare  area  of  the  liver,  and  is  separated  from  the  porta 
by  the  caudate  process.  On  slitting  open  the  inferior  vena  cava  the  orifices  of 
the  hepatic  veins  will  be  seen  opening  into  this  vessel  at  its  upper  part,  after 
perforating  the  floor  of  this  fossa. 

Lobes. — The  right  lobe  {lobus  hepatis  dexter)  is  much  larger  than  the  left;  the 
proportion  between  them  being  as  six  to  one.  It  occupies  the  right  hypochon- 
drium,  and  is  separated  from  the  left  lobe  on  its  upper  and  anterior  surfaces  by 
the  falciform  ligament;  on  its  under  and  posterior  surfaces  by  the  left  sagittal 
fossa;  and  in  front  by  the  umbilical  notch.  It  is  of  a  somewhat  quadrilateral  form, 
its  under  and  posterior  surfaces  being  marked  by  three  fossae:  the  porta  and  the 
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fossse  for  the  gall-bladder  and  inferior  vena  cava,  which  separate  its  left  part 
into  two  smatler  lobes;  the  quadrate  and  caudate  lobes.  The  impressions  on  the 
right  lobe  have  already  been  described. 

•  The  quadrate  lobe  (lobus  quadratus)  is  situated  on  the  under  surface  of  the  right 
lobe,  bounded  in  front  by  the  anterior  margin  of  the  liver;  behind  by  the  porta; 
on  the  right,  by  the  fossa  for  the  gall-bladder;  and  on  the  left,  by  the  fossa  for  the 
umbilical  vein.  It  is  oblong  in  shape,  its  antero-posterior  diameter  being  greater 
than  its  transverse. 

The  caudate  lobe  (lobus  cavdatiis;  Spigelian  lobe)  is  situated  upon  the  posterior 
surface  of  the  right  lobe  of  the  liver,  opposite  the  tenth  and  eleventh  thoracic 
vertebrae.  It  is  bounded,  below,  by  the  porta;  on  the  right,  by  the  fossa  for  the 
inferior  vena  cava;  and,  on  the  left,  by  the  fossa  for  the  ductus  venosus.  It  looks 
backward,  being  nearly  vertical  in  position;  it  is  longer  from  above  downward 
than  from  side  to  side,  and  is  somewhat  concave  in  the  transverse  direction.  The 
caudate  process  is  a  small  elevation  of  the  hepatic  substance  extending  obliquely 
lateralward,  from  the  lower  extremity  of  the  caudate  lobe  to  the  under  surface  of 
the  right  lobe.  It  is  situated  behind  the  porta,  and  separates  the  fossa  for  the  gall- 
bladder from  the  commencement  of  the  fossa  for  the  inferior  vena  cava. 

The  left  lobe  {lobus  hepatic  sinister)  is  smaller  and  more  flattened  than  the  right. 
It  is  situated  in  the  epigastric  and  left  hypochondriac  regions.  Its  upper  surface 
is  slightly  convex  and  is  moulded  on  to  the  Diaphragma;  its  under  surface  presents 
the  cardiac  impression  and  omental  tuberosity,  already  referred  to  page  1192. 

Ligaments. — ^The  liver  is  connected  to  the  under  surface  of  the  Diaphragma 
and  to  the  anterior  wall  of  the  abdomen  by  five  ligaments;  four  of  these — the 
falciform,  the  coronary,  and  the  two  lateral — are  peritoneal  folds;  the  fifth,  the 
round  ligament,  is  a  fibrous  cord,  the  obliterated  umbilical  vein.  The  liver  is  also 
attached  to  the  lesser  curvature  of  the  stomach  by  the  hepatogastric  and  to  the 
duodenum  by  the  hepatoduodenal  ligament  (see  page  1156). 

The  falciform  ligament  (Hgamentumfcdciforme  hepatis)  is  a  broad  and  thin  antero- 
posterior peritoneal  fold,  falciform  in  shape,  its  base  being  directed  downward 
and  backward,  its  apex  upward  and  backward.  It  is  situated  in  an  antero-posterior 
plane,  but  lies  obliquely  so  that  one  surface  faces  forward  and  is  in  contact  with 
the  peritoneum  behind  the  right  Rectus  and  the  Diaphragma,  while  the  other  is 
directed  backward  and  is  in  contact  with  the  left  lobe  of  the  liver.  It  is  attached 
by  its  left  margin  to  the  under  surface  of  the  Diaphragma,  and  the  posterior  surf  ace 
of  the  sheath  of  the  right  Rectus  as  low  down  as  the  umbilicus;  by  its  right  margin 
it  extends  from  the  notch  on  the  anterior  margin  of  the  liver,  as  far  back  as  the 
posterior  surface.  It  is  composed  of  two  layers  of  peritoneum  closely  united 
together.  Its  base  or  free  edge  contains  between  its  layers  the  round,  ligament 
and  the  parumbilical  veins. 

The  coronary  ligament  (ligamenlum  coronariwn  hepatis)  consists  of  an  upper 
and  a  lower  layer.  The  upper  layer  is  formed  by  the  reflection  of  the  peritoneum 
from  the  upper  margin  of  the  bare  area  of  the  liver  to  the  under  surface  of  the  Dia- 
phragma, and  is  continuous  with  the  right  layer  of  the  falciform  ligament.  The 
lower  layer  is  reflected  from  the  lower  margin  of  the  bare  area  on  to  the  right  kidney 
and  suprarenal  gland,  and  is  termed  the  hepatorenal  ligament. 

The  triangular  ligaments  (lateral  ligam&nts)  are  two  in  number,  right  and  left. 
The  right  triangular  ligament  (ligamentum  triangvlare  dextrum)  is  situated  at  the 
right  extremity  of  the  bare  area,  and  is  a  small  fold  which  passes  to  the  Diaphragma, 
being  formed  by  the  apposition  of  the  upper  and  lower  layers  of  the  coronary 
ligament.  The  left  triangular  ligament  {ligamenlum  triangnlare  sinistrum)  is  a  fold 
of  some  considerable  size,  which  connects  the  posterior  part  of  the  upper  surface 
of  the- left  lobe  to  the  Diaphragma;  its  anterior  layer  is  continuous  with  the  left 
layer  of  the  falciform  ligament. 
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The  round  liKament  {ligamentum  teres  kepatis)  is  a  fibrous  cord  resulting  from  the 
obliteration  of  the  umbilical  vein.  It  ascends  from  the  umbilicus,  in  tlie  free  margin 
of  the  falciform  ligament,  to  the  umbilical  notch  of  the  liver,  from  which  it  may  be 
traced  in  its  proper  fossa  on  the  inferior  surface  of  the  liver  to  the  porta,  where 
it  becomes  continuous  with  the  ligavtenivm  tenomim. 


Orifica  of  iiUraMniiar  otin. 

."lAft^Ki*" 


1.  1003.— LonjitudinBl  Bodion  of  a  hepatia  vain.                 Fio.  100*.— Lonaitudiiuil  »eclioii  of  >  amall  potUl  vain 
(After  Kiemiui.>  anda-'     ■■'-—"- ■ 


TaBUla  and  NarroS-^The  veeseb  connected  with  the  liver  are;  the  lupfttio  vrinj,  the  p<ntsl 
T«in,  and  the  hopatk  veins. 

The  hepatic  uMry  and  porUI  vein,  accompanied  by  numerous  iierveH,  Bscond  to  the  porta, 
between  the  layers  of  the  lesser  omentum.  The  bile  duct  and  the  lymphatic  veeeela  descend 
from  the  porta  between  the  layers  of  the  same  omeatiun.  The  relative  positions  of  the  three 
structures  are  as  follows:    the  bile  duct  Uea  to  the  right,  the  hepatic  artery  to  the  left,  and  the 


Fio.   1005. —Section  of  injecuid  livet  (dogl. 

portal  vein  behind  and  between  the  other  two.  They  are  enveloped  in 
fibrous  capsule  of  QUason,  which  accompanies  the  vessels  in  their  c 
canals  in  the  interior  of  the  organ  (Fig.  1004). 

The  hepatic  veins  (Fig.  1003)  convey  the  blood  from  the  liver,  and  are  described  on  page  764, 
They  have  very  little  cellular  investment,  and  what  there  is  binds  their  parietes  closely  to  the 
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walls  o[  the  canals  through  which  they  run;  80  that,  oa  section  of  the  organ,  they  remain  widely 
open  and  are  Holitary,  and  may  be  easily  distinguished  from  the  branches  of  the  portal  vein, 
which  are  more  or  less  collapsed,  and  always  accompanied  by  an  art«ry  and  duct. 

The  lymplutic  TOIieU  of  the  liver  are  described  on  page  792. 

The  nflrvAB  of  the  liver,  derived  from  the  left  vagus  and  sympathetic,  enter  at  the  porta  and 
accompany  the  vessels  and  ducte  to  the  interlobular  spaces.  Here,  according  to  Korolkow,  the 
medullated  fibree  are  distributed  almost  exclusively  to  the  coats  of  the  bloodvessels;  while  the 
non'meduUated  enter  the  lobules  and  ramify  between  the  cells. 

Stmctius  ol  ths  Urer. — The  substance  of  the  liver  is  composed  of  lobules,  held  together  by 
an  extremely  fine  areolar  tissue,  in  which  ramify  the  portal  vein,  hepatic  ducts,  hepatic  artery, 
hepatic  veins,  lymphatics,  and  nerves;  the  whole  being  invested  by  a  serous  and  a  fibrous  coat. 

The  sennu  coat  (tunica  serosa)  is  derived  from  the  peritoneum,  aod  invests  the  greater  part 
of  the  surface  of  the  organ.    It  is  intimately  adherent  to  the  fibrous  coat. 

The  flbrotu  eoftt  {eapttda  fibrota  [GlUioni\;  areolar  coat)  lies  beneath  the  serous  investment, 
and  covera  the  entire  surface  of  the  organ.  It  is  difficult  of  demonstration,  excepting  where 
the  serous  coat  is  deficient.  At  the  porta  it  is  continuous  with  the  fibrous  capsule  of  GlisBon, 
and  on  the  surface  of  the  organ  with  the  areolar  tissue  separating  the  lobules. 

The  lobnlu  {lobuti  hepaiie)  form  the  chief  mass  of  the  hepatic  substance;  they  may  be  seen 
either  on  the  surface  of  the  organ,  or  by  making  a  section  through  the  gland,  as  small  granular 
bodies,  about  the  sice  of  a  miiletr^eed,  measuring  from  1  to  2.5  mm.  in  diameter.  In  the  human 
subject  their  outlines  are  very  irr^ular;  but  in  some  of  the  lower  animals  (for  example,  the  pig) 
they  are  well-defined,  and,  when  divided  transversely,  have  polygonal  outlines.  The  bases  of 
the  Iconics  are  clustered  around  the  smallest  radicles  (tublolrular)  of  the  hepatic  veins,  to  which 
each  is  connected  (Fig.  1003)  by  means  of  a  small  branch  which  issues  from  the  centre  of  the 
lobule  (inlralobular).  The  remaining  part  of  the  surface  of  each  lobule  is  imperfectly  isolated 
from  the  surrounding  lobules  by  a  thin  stratum  of  areolar  tissue,  in  which  is  contained  a  plexus 
of  vessels,  the  intorlobnlftr  plenu,  and  ducts.  In  some  animals,  as  the  pig,  the  lobules  are  com- 
pletely isolated  from  one  another  by  the  interlobular  areolar  tissue  (Fig.  1006). 

If  one  of  the  sublobuiar  veins  be  laid  open,  the  bases  of  the  lobules  may  be  seen  through  the 
thin  wall  of  the  vein  on  which  they  rest,  arranged  in  a  form  resembling  a  teeselated  pavement, 
the  centre  of  each  polygonal  space  presenting  a  minute  aperture,  the  mouth  of  an  intralobular 
vein  (Fig.  1003). 

Microscopic  Appeararux  (Fig.  1006). — Each  lobule  consists  of  a  mass  of  cells,  hepttte  ceUa, 
arranged  in  irregular  radiating  columns  between  which  are  the  blood  channels  (Hnusoidi).  These 
convey  the  blood  from  the  cireum- 
ference  to  the  centre  of  the  lobule, 
and  end  in  the  intralobnUr  vein, 
which  runs  through  its  centre,  to 
open  at  its  base  into  one  of  the  inb- 
lobaUr  T«ins.  Between  the  cells  are 
also    the    minute     bile    capillaries.  g,'„, 

Therefore,  in  the  lobule  there  are  all 
the   essentials  of  a  secreting  gland; 
that  is  to  say:   (1)  eeUa,  by  which 
the  secretion   is  formed;  (2)   blood-       Column  of  liver- 
veuoli,  in  close  relation  with  the  "'^ 

cells,    containing    the    blood    from      Irttfrkiinilar  van 
which  the  secretion   is  derived;  (3)  IrUralolmlaT  vt 

dneti,  by  which  the  secretion,  when 
formed.  Is  carried  away. 

1.  The  hepatic  eeUa  are  polyhedral 
in  form.    They  vary  in  size  from  12 

to  25^  in  diameter.      They  contam  SuUo&tila: 

one  or  sometimes  two  distinct  nuclei. 
The  nucleus  exhibits  an  intranuclear 
net-work  and  one  or  two  retractile 

nucleoli.    The   cells  usually   contain  fio,  lOOS.— a  ninale  lobule  of  tho  liver  ol  s  pig.     x  so. 

granules;  some  of  which  are  proto- 
plasmic, while  others  consist  of  glycogen,  fat,  or  an  iron  compound.    In  the  lower  vertebrates, 
e.  (r,,  trog,  the  cells  are  arranged  in  tubes  with  the  bile  duct  forming  the  lumen  and  bloodvessels 
externally.     According  to  DeWpine,  evidences  of  this  arrwigement  can  be  found  in  the  human 

2.  The  Btoodvessels. — The  blood  in  the  capillary  plexus  around  the  liver  cells  is  brought  to 
the  liver  principally  by  the  portal  vein,  but  also  to  a  certain  extent  by  the  hepatic  artery.^JI 

The  bvpatie  Utory,  entering  the  liver  at  the  porta  with  the  portal  vein  and  hepatic  duct, 
ramifies  with  these  vessels  through  the  portal  canals.    It  gives  off  Tifiiul  bruielies,  which  ramify 
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in  the  fibrous  capeule  of  Glisson,  and  appear  to  be  destined  chiefly  for  the  nutrition  of  the  coats 
of  the  vessels  and  ducts.  It  also  gives  off  f:«|Wllll»r  bnmchM,  which  reach  the  suriace  of  the 
organ,  ending  in  its  fibraus  coat  in  stellate  plexuses.  Finally,  it  gives  ofF  interlobalu  bnnehaa, 
which  form  a  plexus  outside  each  lobule,  to  supply  the  waUs  of  the  interlobular  veins  and  the 
accompanying  bile  ducts.  From  this  plexus  lobular  branches  enter  the  lobule  and  end  ui  the 
aet-work  of  sinusoids  bctwewi  the  cells. 
The  portal  vsin  also  enters  at  the  porta,  and  runs  through  the  portal  canals  (Pig.  1007), 
.  enclosed  in  Glisson's  capsule,  dividing  in  its  course  into  branches,  which  finally  break  up  into  a 
plexus,  the  interlobular  pUxns,  in  the  interlobular  spaces.    These  branches  receive  the  vaginal 

and  capsular  veins,  correspond- 

R.l,.^,,^        i/cpoiic  arlefjf  jng  to  the  vaginal  and  capsular 

branches  of  the  hepatic,  arterj-. 

Thus  it  will  be  seen  that  all  the 

blood  carried  to  the  liver  by  the 

portal  vein  and  hepatic  artery 

Lutmihatic        '""^s  '^  ""J"  '"**'  t^^  interlob- 

WMei  "^   plexus.     FrocQ   this  plexus 

thebloodiscarried  is  to  the  lobule 

by  fine  branches  which  converge 

from    the  circumference   to  the 


Fia.  lOOT,— SecliDD  acroH  portol  conal  ol  pig.     >:  260.  sbovu  by  Gulii's  meCbod.    X  450. 

centre  of  the  lobule,  and  are  connected  by  transverse  branches  (Fig.  1005).  The  walla  of  these 
small  vessels  are  incomplete  so  that  the  blood  is  brought  into  direct  relationship  with  the  liver 
cells.  The  lining  endothelium  consists  of  irregularly  branched,  disconnected  cells  {eleUale  celU  of 
Kupffer).  Moreover,  according  to  Herring  and  Simpson,  minute  channels  penetrate  the  liver  cells 
themselves,  conveying  the  constituents  of  the  blood  into  their  substance.  It  will  be  seen  that  the 
blood  capillaries  of  the  liver  lobule  differ  structurally  from  capillaries  elsewhere.  Developmentally 
they  are  formed  by  the  growth  of  the  columns  of  liver  cells  into  large  blood  spaces  or  sinuses, 
and  hence  they  have  received  the  name  of  "sinusoids."  Arrived  at  the  centre  of  the  lobule, 
the  sinusoids  empty  themselves  into  one  vein,  of  considerable  size,  which  runs  down  the 
centre  of  the  lobule  from  apex  to  base,  and  is  callad  the  intralobolAr  vein.  At  the  base  of 
the  lobule  this  vein  Oiiens  directly  into  the  BUblobnlar  vein,  with  which  the  lobule  is  con- 
nected. The  Bublobular  veins  unite  to  form  larger  and  larger  trunks,  and  end  at  last  in  the 
hepatic  veins,  these  converge  to  form  three  large  trunks  which  open  into  the  inferior  vena  cava 
while  that  vessel  is  situated  in  its  fossa  on  the  posterior  surface  of  the  liver. 

3.  The  bile  ducts  commence  by  little  passages  in  the  Uver  cells  which  communicate  with 
canaUculi  termed  intsrcellular  biliary  pusatea  (bile  capiUaries).  These  passages  are  merely 
httle  channels  or  spaces  left  between  the  contiguous  surfaces  of  two  cells,  or  In  the  angle  where 
three  or  more  liver  cells  meet  (Fig.  1008),  and  they  are  always  separated  from  the  blood  capil- 
laries by  at  least  half  the  width  of  a  hver  cell.  The  channels  thus  formed  radiate  to  the  circum- 
ference of  the  lobule,  and  open  into  the  interlobular  bile  ducts  which  rim  in  Glisson's  capsule, 
accompanying  the  portal  vein  and  hepatic  artery  (Fig.  1007).  These  join  with  other  ducts  to 
form  two  main  trunks,  which  leave  the  hver  at  the  transverse  fissure,  and  by  their  union  form 
the  hepatic  dnot. 

SlTuctuTe  oj  the  Duels. — The  walls  of  the  biliary  ducts  consist  of  a  connective-tissue  coat,  in 
which  are  muscle  cells,  arranged  both  circularly  and  longitudinally,  and  an  epithelial  layer, 
consisting  of  short  columnar  cells  resting  on  a  dit^tinct  basement-membrane. 

Excretory  Apparatus  of  the  Liver. — The  excretory  apparatus  of  the  liver  con- 
sists of  (1)  the  hepatic  duct,  formed  by  tKe  junction  of  the  two  main  ducts,  which 
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pa»s  out  ol  the  liver  at  the  porta;  (2)  the  r^U-bladder,  which  serves  as  a  reservoir 
for  the  bile;  (3)  the  cjrstie  dact,  or  the  duct  of  the  gall-bladder;  and  (4)  the  eommon 
bile  dnet,  formed  by  the  junction  of  the  hepatic  and  cystic  ducts. 

The  Hepatic  Duct  {ductus  hepaiicus). — Two  main  trunks  of  nearly  equal  size 
issue  from  the  liver  at  the  porta,  one  from  the  right,  the  other  from  the  left  lobe; 
these  unite  to  form  the  hepatic  duct,  which  passes  downward  and  to  the  right  for 
about  4  cm.,  between  the  layers  of  the  lesser  omentum,  where  it  is  joined  at  an 
acute  angle  by  the  cystic  duct,  and  so  forms  the  common  bile  duct.  The  hepatic 
duct  is  accompanied  by  the  hepatic  artery  and  portal  vein. 

The  Gall-bladder  {vesica  fellea)  {Fig.  1009). — The  gall-bladder  is  a  conical  or 
pear-shaped  musculomembranous  sac,  lodged  in  a  fossa  on  the  under  surface 
of  the  right  lobe  of  the  liver,  and  extending 
from  near  the  right  extremity  of  the  porta  to 
the  anterior  border  of  the  organ.  It  is  from 
7  to  10  cm.  in  length,  2.5  cm.  in  breadth  at  its 
widest  part,  and  holds  from  30  to  35  c.c.  It  is 
divided  into  a  fundus,  body,  and  neck.    The 

fondns,  or  broad  extremity,  is  directed  down-  ^ 

ward,  forward,  and  to  the  right,  and  projects 
beyond  the  anterior  border  of  the  liver;  the 
body  and  neck  are  directed  upward  and  back- 
ward to  the  left.  The  upper  surface  of  the  gall- 
bladder is  attached  to  the  liver  by  connective 
tissue  and  vessels.  The  under  surface  is 
covered  by  peritoneum,  which  is  reflected  on  to 
it  from  the  surface  of  the  liver.  Occasionally 
the  whole  of  the  organ  is  invested  by  the 
serous  membrane,  and  is  then  connected  to 
the  liver  by  a  kind  of  mesentery, 

BeUtioiu.— The  body  u  in  relation,  by  its  upper 
surface,  with  the  hver;  by  its  under  Burface,  with  the 
coDunencement  of  the  transverse  colon;  and  farther 
back  UHUally  with  the  upper  end  of  the  descending 
portion  of  the  duodenum,  but  sometimes  with  the 
superior  portion  of  the  duodenum  or  pyloric  end  of 
the  stomach.  The  tnndiu  is  completely  invrsted  by 
peritoneum;  it  is  in  relation,  in  front,  with  the  abdom- 
mal  porietes,  immediately  below  the  ninth  costal  car- 
tilage; behind  with  the  transverse  colon.  The  neck  is 
narrow,  and  curves  upon  itself  Uke  the  letter  S;  at  its 
point  of  connection  with  the  cystic  duct  it  presents  a 
weU-marked  constriction,  C,^  lOOH.-The  g.ii-bi»idor «»!  bile  ducw 

BtTOCture  (Fig.  1010). — The  gall-bladder  consisie  of  laid  open,    tspsiiehoii.) 

three  coat«;  ■oroiu,  fibTOmasenlAr,  and  mncons. 

The  extomal  or  leroiu  coat  {lunica  serosa  vesicae  felteae)  is  deri\'ed  from  the  peritoneum;  it 
completely  invests  the  fundus,  but  covers  the  body  and  neck  only  on  their  under  surfaces. 

The  flbromuscnl&r  cokt  (tunica  muscutaris  vesicae  feUeae),  a  thin  but  strong  layer  forming  the 
frame-work  of  the  sac,  consiBts  of  dense  fibrous  tissue,  which  interlaces  in  all  directions,  and  is 
mired  with  plain  muscular  fibres,  disposed  chiefly  in  a  longitudinal  direction,  a  few  running 
transversely. 

The  imemal  or  mocons  eoat  (lanica  mucosa  vesicae  /eUeae)  ia  loosely  connected  with  the  fibrous 
layer.  It  is  generally  of  a  yellowish-brown  color,  anti  is  elevated  into  minute  rugEC.  Opposite 
the  neck  of  the  gall-bladder  the  mucous  membrane  projects  inward  in  the  form  of  oblique  ridges 
or  folds,  forming  a  sort  of  spiral  valve. 

The  mucous  membrane  is  continuous  through  Ihe  hepatic  duct  with  the  mucous  membrane 
lining  the  ducts  of  the  hver,  and  through  the  common  bile  duct  with  the  mucous  membrane  of 
the  duodenum.  It  is  covered  with  columnar  epithelium,  and  secretes  mucin;  in  some  animals 
it  secretes  a  nucleoprotein  instead  of  mucin. 


1200  SPLANCHNOLOGY 

The  CTStic  Duct  (ductus  q/sticui). — The  cystic  duct  about  4  cm.  long,  runs  back- 
ward, downward,  and  to  the  left  from  the  neck  of  the  gall-bladder,  and  joins  the 
hepatic  duct  to  form  the  common  bile  duct.  The  mucous  membrane  lining  its 
interior  is  thrown  into  a  series  of  crescentic  folds,  from  five  to  twelve  in  number, 
similar  to  those  found  in  the  neck  of  the  gall-bladder.  They  project  into  the  duct 
in  regular  succession,  and  are  directed  obliquely  around  the  tube,  presenting 
much  the  appearance  of  a  continuous  spiral  valve.  When  the  duct  is  distended, 
the  spaces  between  the  folds  are  dilated,  so  as  to  give  to  its  exterior  a  twisted 
appearance. 

Cclumnar  evitketium 


The  Commcm  Bile  Duct  (ductus  choledochis). — The  common  bile  duct  is  formed 
by  the  junction  of  the  cystic  and  hepatic  ducts;  It  is  about  7.5  cm,  long,  and  of  the 
diameter  of  a  goose-quill. 

It  descends  along  the  right  border  of  the  lesser  omentum  behind  the  superior 
portion  of  the  duodenum,  in  front  of  the  portal  vein,  and  to  the  right  of  the  hepatic 
artery ;  it  then  runs  in  a  groove  near  the  right  border  of  the  posterior  surface  of  the 
head  of  the  pancreas;  here  it  is  situated  in  front  of  the  inferior  vena  cava,  and  is 
occasionally  completely  imbedded  in  the  pancreatic  substance.  At  its  termination 
it  lies  for  a  short  distance  along  the  right  side  of  the  terminal  part  of  the  pancreatic 
duct  and  passes  with  it  obliquely  between  the  mucous  and  muscular  coats.  The 
two  ducts  unite  and  open  by  a  common  orifice  upon  the  summit  of  the  duodenal 
papilla,  situated  at  the  medial  side  of  the  descending  portion  of  the  duodenum,  a 
little  below  its  middle  and  about  7  to  10  cm.  from  the  pylorus  {Fig.  1015).  The 
short  tube  formed  by  the  union  of  the  two  ducts  is  dilated  into  an  ampulla,  the 
anyioUa  of  Vater. 

Structore.— The  raats  of  the  lai^c  biliary  ducts  are  on  ezt«nial  or  fibrona,  and  an  inMmal  or 
mucous.  The  flbrans  coat  is  rompoHod  of  strong  libroareolar  tissue,  with  a  certain  amount  of 
miucular  tissiu^,  arranged,  for  the  moat  part,  in  a  circular  manner  around  the  duct.  Tlie  muconi 
coftt  is  continuous  with  the  lining  membrane  of  the  hepatic  ducts  and  gall-bladder,  and  also  with 
that  of  the  duodenum;  and,  like  the  mucous  membrane  of  these  stnicturea,  its  epithelium  is  of 
the  columnar  variety.  It  is  provided  with  numerous  mucous  glands,  which  are  lobulated  and 
open  by  minute  orifices  scattered  irregularly  in  the  larger  ducts. 

i^pUed  Anatomf. — On  account  of  its  large  size,  its  fixed  position,  and  its  friability,  the  liver 
is  more  frequently  ruptured  than  any  of  the  other  abdominal  viscera.  The  rupture  may  vary 
from  a  slight  scratch  to  an  extensive  and  complete  laceration  of  its  substance,  dividing  it  int^ 
two  parts.  Sometimes  an  internal  rupture,  without  laceration  of  the  peritoneal  covering,  takes 
place,  and  such  injuries  are  most  susceptible  of  repair;  but  small  tears  of  the  surface  may  also 
heal;  when,  however,  the  laceration  is  extensive,  death  usually  takes  place  from  hemorrhage, 
on  account  of  the  fact  that  the  hepatic  veins  are  contained  in  rigid  canals  in  the  liver  substance 
and  are  unable  to  contract,  and  are  moreover  unprovided  with  valves.  The  liver  may  also  be 
torn  by  tlie  end  of  a  broken  rib  perforating  the  Diaphragma.     It  may  be  injured  by  sttd)s  or 
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other  punctured  wounds,  and  when  these  are  inflicted  through  the  chest  wall  the  pleural  and 
peritoneal  cavities  may  both  be  opened  up,  and  both  lung  and  liver  wounded.  In  cases  of  wound 
of  the  liver  from  the  front,  hernia  of  a  part  of  this  viscus  may  take  place,  but  generally  can  be 
easily  replaced.  In  cases  of  laceration  of  the  liver,  when  there  is  evidence  that  bleeding  is  going 
on,  the  abdomen  must  be  opened,  the  laceration  sought  for,  and  the  bleeding  arrested.  This 
may  be  done  temporarily  by  introducing  the  forefinger  into  the  epiploic  foramen  and  placing  the 
thumb  on  the  lesser  omentum,  and  compressing  the  hepatic  artery  and  portal  vein  between  the 
two.  The  margins  of  the  laceration,  if  small,  can  be  brought  together  and  sutured  by  means 
of  a  blunt  curved  needle  passed  from  one  side  of  the  wound  to  the  other.  All  sutures  must  be 
passed  before  any  are  tied,  and  this  must  be  done  with  the  greatest  gentleness,  as  the  liver  sub- 
stance is  very  friable.  When  the  laceration  is  extensive  it  must  be  packed  with  gauze,  the  end 
of  which  is  allowed  to  hang  out  of  the  external  wound. 

Abscess  of  the  liver  is  of  not  infrequent  occurrence.  The  so-called  tropical  abscess  is  due  to 
absorption  from  the  intestine  of  the  amoeba  of  dysentery,  which  reaches  the  liver  through  the 
portal  system  and  causes  the  formation  of  a  large  chronic  abscess;  this  may  open  in  many  different 
ways  on  account  of  the  relations  of  the  liver  to  other  organs.  Thus  it  has  been  known  to  burst 
into  the  lungs  when  the  pus  is  coughed  up,  or  into  the  stomach  when  the  pus  is  vomited;  it  may 
burst  into  the  colon,  or  duodenum;  or,  by  perforating  the  Diaphragma,  it  may  empty  itself  into 
the  pleural  cavity.  It  often  makes  its  way  forward,  and  points  on  the  anterior  abdominal  wall, 
and  finally  it  may  burst  into  the  peritoneal  or  pericardial  cavities.  Abscesses  of  the  liver  fre- 
quently require  opening,  and  this  must  be  done  by  an  incision  in  the  abdominal  wall,  in  the 
thoracic  wall,  or  in  the  lumbar  region,  according  to  the  direction  in  which  the  abscess  is  tracking. 
The  incision  through  the  abdominal  wall  is  to  be  preferred  when  possible.  The  abdominal  wall 
is  incised  over  the  swelling,  and,  unless  the  peritoneum  is  adherent,  gauze  is  packed  all  around 
the  exposed  liver  surface,  the  abscess  opened,  and  a  large  drainage-tube  inserted. 

Hydatid  cysts  are  more  often  found  in  the  liver  than  in  any  of  the  other  viscera.  The  reason 
of  this  is  not  far  to  seek.  The  embryo  of  the  egg  of  the  taenia  echinococcus,  being  liberated  in 
the  stomach  by  the  disintegration  of  its  shell,  bores  its  way  through  the  gastric  walls  and  usually 
enters  a  bloodvessel,  and  is  carried  by  the  blood  stream  to  the  hepatic  capillaries,  where  its  onward 
course  is  arrested,  and  where  it  undergoes  development  into  the  fully  formed  hydatid. 

Ptosis  of  the  livevy  or  hepatoptosis,  from  abnormal  laxity  of  its  ligaments  and  failiu-e  of  the 
support  it  usually  receives  from  the  subjacent  viscera,  is  an  occasional  cause  of  various  nervous 
and  gastro-intestinal  disturbances.  It  has  been  very  fully  described  by  G16nard  and  his  pupils. 
In  women  who  have  used  very  tight  corsets  and  in  men  who  have  worn  tightly  buckled  belts, 
the  lower  margin  of  the  right  lobe  may  become  elongated  by  the  pressiu-e,  producing  an  abnormal 
lobe  known  as  the  linguiform  or  RiedeVs  lobe.  This  may  cause  indefinite  abdominal  symptoms 
suggesting  dyspepsia  or  disease  of  the  gall-bladder;  and  if  discovered  accidentally,  a  Riedel's 
lobe  may  be  mistaken  for  a  tumor  of  the  right  kidney,  of  the  right  suprarenal  gland,  of  the 
transverse  colon  or  pancreas,  or  even  of  the  vermiform  process. 

The  gall-bladder  may  become  distended  in  cases  of  obstruction  of  its  duct  or  the  common 
bile  duct,  or  from  a  collection  of  gall-stones  in  its  interior,  thus  forming  a  large  tumor.  The 
swelling  is  pear-shaped,  and  projects  downward  and  forward  to  the  umbilicus.  It  moves  with 
respiration,  since  it  is  attached  to  the  hver.  To  relieve  this  condition,  the  gall-bladder  must  be 
opened  (ckolecystolomy)  and  the  gall-stones  removed.  The  operation  is  performed  by  an  incision, 
5  to  7  cm.  long,  through  the  lateral  part  of  the  right  Rectus,  conmiencing  at  the  costal  margin. 
The  peritoneal  cavity  is  opened,  and,  the  tumor  having  been  found,  gauze  is  packed  around  it 
to  protect  the  peritoneal  cavity,  and  it  is  aspirated.  When  the  contained  fluid  has  been  evacu- 
ated the  flaccid  bladder  is  drawn  out  of  the  abdominal  wound  and  its  wall  incised;  any  gall- 
stones in  the  bladder  are  now  removed.  If  the  case  is  one  of  obstruction  of  the  duct,  an  attempt 
must  be  made  to  dislodge  the  stone  by  manipulation  through  the  wall  of  the  duct;  or  it  may  be 
crushed  from  without  by  the  fingers  or  carefully  padded  forceps.  If  this  does  not  succeed,  the 
safest  plan  is  to  incise  the  duct,  extract  the  stone,  and  close  the  incision  by  fine  sutures  in  two 
layers.  After  all  obstruction  has  been  removed,  the  edges  of  the  incision  in  the  gall-bladder  may 
be  sutiu-ed  to  the  posterior  sheath  of  the  Rectus  and  a  fistulous  communication  established 
between  the  gall-bladder  and  the  exterior,  a  drainage-tube  being  inserted  into  the  cavity;  this 
fistulous  opening  usually  closes  in  the  course  of  a  few  weeks.  The  gall-bladder  may  be  com- 
pletely removed  if  it  be  quite  certain  that  no  cause  for  biliary  obstruction  remain :  this  is  also 
done  for  primary  malignant  growth  of  the  viscus. 

The  Pancreas  (Figs.  1011,  1012). 

Dissection. — The  pancreas  may  be  exposed  for  dissection  in  three  different  ways:    (1)  By 

raising  the  liver,  drawing  down  the  stomach,  and  tearing  through  the  gastrohepatic  omentum, 

and  the  ascending  layer  of  the  transverse  mesocolon,    (2)  By  raising  the  stomach,  the  arch  of 

the  colon,  and  greater  omentum,  and  then  dividing  the  inferior  layer  of  the  transverse  mesocolon 
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and  raising  its  ascending  layer.  (3)  By  dividing  the  two  Uyera  of  peritoneum,  wbidh  descend 
Crom  the  greater  curvature  of  the  etomach  to  form  the  greater  omeatum;  turning  the  stomach 
upward,  and  then  cutting  through  ttie  ascending  layer  of  the  transverse  mesocolon  (see  Fig.  961). 

Eedua  abdominU  EighUi  cotUd  cartilage 


Abdominal  aorta  Twtlftk  Tib 

3.  lOII.— TruuvsreewctioQ  throush  the  middle  of  (he  fint  lumbar  vertebra,  showinc  tlis  raUUoiuoI  UupucreM. 


The  paccraas  is  a  cttmpound  racemose  glanil,  analogous  in  its  structures  to  the 
^alivar\-  (tiands,  though  softer  and  less  compactlj-  arranged  than  those  organs. 
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It  is  long  and  irregularly  prismatic  in  shape;  its  right  extremity,  being  broad,  is 
called  the  head,  and  is  connected  to  the  main  portion  of  the  organ,  or  body,  by  a 
slight  constriction,  the  neek;  while  its  left  extremity  gradually  tapers  to  form  the 
taU.  It  is  situated  transversely  across  the  posterior  wall  of  the  abdomen,  at  the 
back  of  the  epigastric  and  left  hypochondriac  regions.  Its  length  varies  from  12.5 
to  15  cm.,  and  its  weight  from  60  to  100  gm. 

Kelations. — The  Head  {caput  pancreatU)  is  flattened  from  before  backward,  and 
is  lodged  within  the  curve  of  the  duodenum.  Its  upper  border  is  overlapped  by  the 
superior  part  of  the  duodenum  and  its  lower  overlaps  the  horizontal  part;  its  right 
and  left  borders  overlap  in  front,  and  insinuate  themselves  behind,  the  descending 
and  ascending  parts  of  the  duodenum  respectively.  The  angle  of  junction  of  the 
lower  and  left  lateral  borders  forms  a  prolongation,  termed  the  uncinate  process.  In 
the  groove  between  the  duodenum  and  the  right  lateral  and  lower  borders  in  front 
are  the  anastomosing  superior  and  inferior  pancreaticoduodenal  arteries;  the  com- 
mon bile  duct  descends  behind,  close  to  the  right  border,  to  its  termination  in  the 
descending  part  of  the  duodenum. 


Fia.  1013— The  pancreu  and  duodenum  froin  behind,     (From  model  hy  His.) 

Anteriw  Surface. — The  greater  part  of  the  right  half  of  this  surface  is  in  contact 
with  the  transverse  colon,  only  areolar  tissue  intervening.  From  its  upper  part 
the  aeek  springs,  its  right  limit  being  marked  by  a  groove  for  the  gastroduodenal 
artery.  The  lower  part  of  the  right  half,  below  the  transverse  colon,  is  covered 
by  peritoneum  continuous  with  the  inferior  layer  of  the  transverse  mesocolon, 
and  is  in  contact  with  the  coils  of  the  small  intestine.  The  superior  mesenteric 
artery  passes  down  in  front  of  the  left  half  across  the  uncinate  process;  the  superior 
mesenteric  vein  runs  upward  on  the  right  side  of  the  artery  and,  behind  the  neck, 
joins  with  the  lienal  vein  to  form  the  portal  vein. 

Posterior  Surface.— The  posterior  surface  is  in  relation  with  the  inferior  vena 
cava,  the  common  bile  duct,  the  renal  veins,  the  right  crus  of  the  Diaphragma, 
and  the  aorta. 

The  Neck  springs  from  the  right  upper  portion  of  the  front  of  the  head.  It  is 
about  2.5  cm.  long,  and  is  directed  at  first  upward  and  forward,  and  then  upward 
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and  to  the  left  to  join  the  body;  it  is  somewhat  flattened  from  above  downward 
and  backward.  Its  antero-superior  surface  supports  the  pylorus;  its  postero- 
inferior  surface  is  in  relation  with  the  commencement  of  the  portal  vein;  on  the 
right  it  is  grooved  by  the  gastroduodenal  artery. 

The  Body  {corpus  pancreatis)  is  somewhat  prismatic  in  shape,  and  has  three 
surfaces:  anterior,  posterior,  and  inferior. 

The  anterior  surface  (fades  anterior)  is  somewhat  concave;  and  is  directed  for- 
ward and  upward:  it  is  covered  by  the  postero-inferior  surface  of  the  stomach 
which  rests  upon  it,  the  two  organs  being  separated  by  the  omental  bursa.  Where 
it  joins  the  neck  there  is  a  well-marked  prominence,  the  tuber  omentale,  which 
abuts  against  the  posterior  surface  of  the  lesser  omentum. 

The  posterior  surface  (Jades  posterior)  is  devoid  of  peritoneum,  and  is  in  contact 
with  the  aorta,  the  lienal  vein,  the  left  kidney  and  its  vessels,  the  left  suprarenal 
gland,  the  origin  of  the  superior  mesenteric  artery,  and  the  crura  of  the  Diaphragma. 

The  inferior  surface  (fades  inferior)  is  narrow  on  the  right  b\it  broader  on  the  left, 
and  is  covered  by  peritoneum;  it  lies  upon  the  duodenojejunal  flexure  and  on  some 
coils  of  the  jejunum;  its  left  extremity  rests  on  the  left  colic  flexure. 

The  superior  border  (margo  superior)  is  blunt  and  flat  to  the  right;  narrow  and 
sharp  to  the  left,  near  the  tail.  It  commences  on  the  right  in  the  omental  tuber- 
osity, and  is  in  relation  with  the  coeliac  artery,  from  which  the  hepatic  artery 
courses  to  the  right  just  above  the  gland,  while  the  lienal  artery  runs  toward  the 
left  in  a  groove  along  this  border. 

The  anterior  border  (margo  anterior)  separates  the  anterior  from  the  inferior 
surface,  and  along  this  border  the  two  layers  of  the  transverse  mesocolon  diverge 
from  one  another;  one  passing  upward  over  the  anterior  surface,  the  other 
backward  over  the  inferior  surface. 

The  inferior  border  (margo  inferior)  separates  the  posterior  from  the  inferior 
surface;  the  superior  mesenteric  vessels  emerge  under  its  right  extremity. 

The  Tail  (cavda  pancreatis)  is  narrow;  it  extends  to  the  left  as  far  as  the  lower 
part  of  the  gastric  surface  of  the  spleen,  lying  in  the  phrenicolienal  ligament, 
and  it  is  in  contact  with  the  left  colic  flexure. 

Birmingham  described  the  body  of  the  pancreas  as  projecting  forward  as  a  promi- 
nent ridge  into  the  abdominal  cavity  and  forming  part  of  a  shelf  on  which  the 
stomach  lies.  "The  portion  of  the  pancreas  to  the  left  of  the  middle  line  has  a 
very  considerable  antero-posterior  thickness;  as  a  result  the  anterior  surface  is  of 
considerable  extent;  it  looks  strongly  upward,  and  forms  a  large  and  important 
part  of  the  shelf.  As  the  pancreas  extends  to  the  left  toward  the  spleen  it  crosses 
the  upper  part  of  the  kidney,  and  is  so  moulded  on  to  it  that  the  top  of  the  kidney 
forms  an  extension  inward  and  backward  of  the  upper  surface  of  the  pancreas 
and  extends  the  bed  in  this  direction.  On  the  other  hand,  the  extremity  of  the 
pancreas  comes  in  contact  with  the  spleen  in  such  a  way  that  the  plane  of  its 
upper  surface  runs  with  little  interruption  upward  and  backward  into  the  concave 
gastric  surface  of  the  spleen,  which  completes  the  bed  behind  and  to  the  left,  and, 
running  upward,  forms  a  partial  cap  for  the  w4de  end  of  the  stomach.^ 

The  Pancreatic  Duct  (ductus  pancreaticics  [Wirsungi];  duct  of  Wirsung)  extends 
transversely  from  left  to  right  through  the  substance  of  the  pancreas  (Fig.  1014).  It 
commences  by  the  junction  of  the  small  ducts  of  the  lobules  situated  in  the  tail  of  the 
pancreas,  and,  running  from  left  to  right  through  the  body,  it  receives  the  ducts  of  the 
various  lobules  composing  the  gland.  Considerably  augmented  in  size,  it  reaches  the 
neck,  and  turning  downward,  backward,  and  to  the  right,  it  comes  into  relation  with 
the  common  bile  duct,  which  lies  to  its  right  side;  leaving  the  head  of  the  gland, 
it  passes  very  obliquely  through  the  mucous  and  muscular  coats  of  the  duodenum, 

>  Journal  of  Anatomy  and  Physiology,  pt.  1,  zzxi,  102. 
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and  ends  by  an  orifice  common  to  it  and  the  common  bile  duct  upon  the  summit 
of  the  duodenal  papilla,  situated  at  the  medial  side  of  the  descending  portion 
of  the  duodenum,  7.5  to  10  cm,  below  the  pylorus.  The  pancreatic  duct,  near  the 
duodenum,  is  about  the  size  of  an  ordinary  quill.  Sometimes  the  pancreatic  duct 
and  the  common  bile  duet  open  separately  Into  the  duodenum.  Frequently  there 
is  an  additional  duct,  which  is  given  off  from  the  pancreatic  duet  in  the  neck  of 
the  pancreas  and  opens  into  the  duodenum  about  2.5  cm.  above  the  duodenal 
papilla.  It  receives  the  ducts  from  the  lower  part  of  the  head,  and  is  known  as 
the  accessory  pancreatic  dact  {duct  of  Santoririi). 

Ilrpatic  artery 

Orijtcf 
biU-d 


Sbroctar*  (Fig.  1015).— In  structure,  the  panprcas  resembles  the  salivary  glands.  It  differs 
from  them,  however,  in  certain  particulars,  and  is  looser  and  softer  in  its  texture.  It  is  not 
enclosed  in  a  distinct  capsule,  but  is  surrounded  by  areolar  tissue,  which  dips  into  its  interior, 
and  connects  togplhw  the  various  lobules  of  which  it  is  composed.  Each  lobule,  like  the  lobules 
of  the  salivary  glands,  consists  of  one  of  the  ultimate  rami ficat ions  of  the  main  duct,  ending  in  a 
number  of  cecal  pouches  or  alveoli,  which  are  tubular  and  somewhat  convoluted.  The  minute 
ducts  connectc<l  wiih  the  alveoli  are  narrow  and  lined  with  flattened  cells.  The  alveoli  are 
almost  completely  filled  with  secreting  cells,  so  that  scarcely  any  lumen  is  visible.  In  some 
animals  spindle-shaped  cells  occupy  the  centre  of  the  alveolus  and  are  known  as  the  centio- 
wtoDMX  esUs  of  Laiic«rbaiiB.  These  are  prolongations  of  the  terminal  ducts.  The  true  secreting 
cells  which  line  the  wall  of  the  alveolus  are  vpry  characteristic,  Tliey  are  columnar  in  shape 
and  present  two  zones:  an  outer  one,  clear  and  finely  striated  next  the  basement-membrane,  and 
an  inner  granular  one  next  (he  lumen.  In  hardened  spec'imens  the  outer  Eone  stains  deeply  with 
various  dyes,  whereas  the  inner  lone  stains  slightly.  During  activity  the  granular  zone  gradually 
diminishes  in  size,  and  when  exhausted  is  only  seen  as  a  small  area  next  to  the  lumen.  During 
the  resting  stages  it  gradually  increases  until  it  forms  nearly  three-fourths  of  (he  eell.  In  some 
of  the  secreting  cells  of  the  pancreas  is  a  spherical  mass,  staining  more  easily  than  the  rest  of 
the  cell;  this  is  termed  the  paramiclMU,  and  is  believed  to  be  an  extension  from  the  nucleus. 
The  Connective  tissue  between  the  alveoli  presents  in  certain  parts  collections  of  cells,  which  are 
termed  intoralnoUr  cell  ial«tB  (islands  of  Langtrhana).  The  cells  of  these  stain  lightly  with 
hematoxylin  or  carmine,  and  are  more  or  less  polyhedral  in  shape,  forming  a  net-work  in  which 
ramify  many  capillaries.  There  are  two  main  types  of  cell  in  the  islets,  distinguished  as  A-cells 
and  B-cells  according  to  the  special  staining  reactions  of  the  granules  they  contain.    The  cell 
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islets  have  been  supposed  to  produc 
for  carbohydrate  metabolism,  but  n 
real  function. 

The  walls  of  the  pancreatic  duct  are  thin,  conBisting  of  two  coats,  an  external  fibrous  and  an 
internal  mucous;  the  latter  is  smooth,  and  furnished  near  its  termination  with  a  few  scattered 
follicles. 

Touab  and  Vvnn.  —  The  uteriM  of  the  pancreas  are  derived  from  the  lienal,  and  the 
pancreaticoduodenal  branches  of  the  hepatic  and  superior  mesenteric.    Its  voiiu  open  into  the 
lienal  and  superior  mesenteric   veins.    Its 
AliMilur  lymphatics   are  described  on  page  793.    Its 

norvos  are  Slaments  from  the  lienal  plexus. 
Applied  Anatomy. — Inflammation  of  the 
pajicreas  has  o(  late  years  received  con- 
siderable attention.  It  appears  to  be  due 
to  infection  of  the  pancreatic  ducts  by 
microorganisms  from  the  duodenum  in 
cases  of  gastroduodenal  catarrh,  or  from 
the  biliary  passages  in  which  a  gall-etone 
is  lodged.  Acute  cases  usually  terminate 
fatally  and  are  frequently  of  the  hemor- 
rhagic type;  chronic  mflammation  of  the 
pancreas  produces  few  symptoms  of  disease 
unless  it  is  extensive,  when  attacks  of 
abdominal  pain,  loss  of  appetite,  progressive 
weakness  and  wasting,  and  the  passage  of 
whitish  fatty  motions,  are  likely  to  follow. 
Extensive  fibrosis  of  the  pancreas  also  one 
of  the  commonest  lesions  found  post  mortem 
in  cases  of  diabetes  mellitus.  Cysts  of  the 
Fio.  1015,— Sfwiion  of  pmoreu  of  dog.    X  250.  pancreas  are  sometimes  met  with.    They 

may  be  the  result  of  traumatism,  when  they 
generally  contain  blood,  or  they  may  be  due  to  retention  from  obstruction  of  a  duct,  or  from 
pressure  on  the  main  duct  by  a  gall-stone.  They  may  attain  a  large  size,  and  cause  symptoms 
by  pressing  on  the  stomach,  Diaphragma,  or  conunon  bile  duct.  They  generally  push  their 
w^  forward  between  the  stomach  and  transverse  colon,  and  may  then  be  felt  as  a  definite  tumor 
in  the  middle  line  of  the  upper  part  of  the  abdomen.  The  tumor  is  fixed  and  doee  not  move 
with  respiration.  The  treatment  consists  in  opening  the  abdomen  in  the  middle  line,  incising 
the  cyst,  evacuating  its  contents,  and  fixing  its  walls  to  the  deeper  layers  of  the  abdominal  wall. 
Drainage  in  the  left  loin,  just  below  the  last  rib,  can  sometimes  be  established.  When  they 
are  situated  in  the  tail  of  the  pancreas  they  have  been  removed.  The  pancreas  is  often  the  seat 
of  cancer;  this  usually  affects  the  head,  and  therefore  speedily  involves  the  conunon  bile  duct, 
leading  to  persistent  jaxmdice;  or  it  may  press  upon  the  portal  vein,  causing  ascites,  or  involve 
the  stomach,  causing  pyloric  obstruction.  It  has  been  said  that  the  pancreas  is  the  only  abdominal 
viscus  which  has  never  been  found  in  a  hernial  protrusion;  but  even  this  organ  has  been  found 
in  company  with  other  viscera,  in  rare  cases  of  diaphr^matic  hernia. 

THE  DBOOENITAL  APPABATTTS   (APPARATUS  UBOOENITAIJS ; 
UBOQENITAL   ORGANS). 

The  urogenital  apparatus  consists  of  (a)  the  nrinary  organs  for  the  secretion 
and  discharge  of  the  urine,  and  (b)  the  genital  organs,  which  are  concerned  with 
the  process  of  reproduction. 

THE  URINABT  ORGANS. 

The  urinary  organs  comprise  the  kidneys,  which  secrete  the  urine,  the  ureters, 
or  ducts,  which  convej-  urine  to  the  nrinary  bladder,  where  it  is  for  a  time  retained; 
and  the  urethra,  through  which  it  is  discharged  from  the  body. 

Tlid  Kidneys  (Renes). 

The  kidneys  are  situated  in  the  posterior  part  of  the  abdomen,  one  on  either  side 
of  the  vertebral  column,  behind  the  peritoneum,  and  surrounded  by  a  mass  of  fat 
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and  loose  areolar  tissue.  Their  upper  extremities  are  on  a  level  with  the  upper 
border  of  the  twelfth  thoracic  vertebra,  their  lower  extremities  on  a  Ie\el  with  the 
third  lumbar.  The  right  kidney  is  usually  slightly  lower  than  the  left,  probably 
on  account  of  the  vicinity  of  the  liver.  The  long  axis  of  each  kidney  is  directed 
downward  and  lateralward;  the  transverse  axis  backward  and  lateralward. 

Each  kidney  is  about  11.25  cm.  in  length,  5  to  7.5  cm.  in  breadth,  and  rather 
more  than  2.5  cm.  in  thickness.  The  left  is  somewhat  longer,  and  narrower,  than 
the  right.  The  weight  of  the  kidney  in  the  adult  male  varies  from  125  to  170  gm., 
in  the  adult  female  from  115  to  155  gm.  The  combined  weight  of  the  two 
kidneys  in  proportion  to  that  of  the  body  is  about  I  to  240. 

The  kidney  has  a  characteristic  form,  and  presents  for  examination  two  surfac-es, 
two  borders,  and  an  upper  and  lower  extremity. 


Fin.  lOIS. — Ttu  anterior  lurfuM  of  the  kidneys,  ahowiuc  Uia  ireia  of  canUct  of  neiahboriog  vucen. 

Relationfl.^ — The  anterior  surface  {fades  anterior)  (Figs.  1012  and  1016)  of 
each  kidney  is  convex,  and  looks  forward  and  lateralward.  Its  relations  to 
adjacent  viscera  differ  so  completely  on  the  two  sides  that  separate  descriptions 
are  necessary. 

Anteruo'  Smface  of  Right  Kidney. — A  narrow  portion  at  the  upper  extremity  is  in 
relation  with  the  right  suprarenal  gland.  A  large  area  just  below  this  and  involv- 
ing about  three-fourths  of  the  surface,  lies  in  the  renal  impression  on  the  inferior 
surface  of  the  liver,  and  a  narrow  but  somewhat  variable  area  near  the  medial 
border  is  in  contact  with  the  descending  part  of  the  duodenum.  The  lower  part  of 
the  anterior  surface  is  In  contact  laterally  with  the  right  colic  flexure,  and  medially, 
as  a  rule,  with  the  small  intestine.  The  areas  in  relation  with  the  liver  and  small 
intestine  are  covered  by  peritoneum;  the  suprarenal,  duodenal,  and  colic  areas 
are  devoid  of  peritoneum. 

Anteriw  Surface  of  Left  Kidney. — A  small  area  along  the  upper  part  of  the  medial 
border  is  in  relation  with  the  left  suprareniil  gland,  and  close  to  the  lateral 
border  is  a  long  strip  in  contact  with  the  renal  impression  on  the  spleen.  A 
somewhat  quadrilateral  field,  about  the  middle  of  the  anterior  surface,  marks  the 
site  of  contact  with  the  body  of  the  pancreas,  on  the  deep  surface  of  which  are  the 
lienal  vessels.  Above  this  is  a  small  triangular  portion,  between  the  suprarenal 
and  splenic  areas,  in  contact  with  the  postero-inferior  surface  of  the  stomach. 
Below  the  pancreatic  area  the  lateral  part  is  in  relation  with  the  left  colic  flexure. 
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the  medial  with  the  small  intestine.    The  areas  in  contact  with  the  stomach  and 
spleen  are  covered  hy  the  peritoneum  of  the  omental  bursa,  while  that  in  relation 


to  the  small  intestine  is  covered  by  the  peritoneum  of  the  general  cavity;  behind 
the  latter  are  some  branches  of  the  left  coHc  vessels.  The  suprarenal,  pancreatic, 
and  colic  areas  are  devoid  of  peritoneum. 


The  Posterior  Surface  (farli-s  posterior)  (Figs.  1017,  1018). — The  posterior  surface 
of  each  kidnev  is  directed  backward  and  medialward.     It  is  imbedded  in  areolar 
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and  fatty  tissue  and  entirely  devoid  of  peritoneal  covering.  It  lies  upon  the  Dia- 
phragma,  the  medial  and  lateral  lumbocostal  arches,  the  Psoas  major,  the  Quadratus 
lumbonim,  and  the  tendon  of  the  Transversus  abdominis,  the  subcostal,  and  one 
or  two  of  the  upper  lumbar  arteries,  and  the  last  thoracic,  ilJohypyogastric,  and 
ilioinguinal  nerves.  The  right  kidney  rests  upon  the  twelfth  rib,  the  left  usually 
on  the  eleventh  and  twelfth.  The  Diaphragma  separates  the  kidnej-  from  the 
pleura,  which  dips  down  to  form  the  phrenicocostal  sinus,  but  frequently  the 
muscular  fibres  of  the  Diaphragma  are  defective  or  absent  over  a  triangular  area 
immediately  above  the  lateral  lumbocostal  arch,  and  when  this  is  the  case  the 
perinephric  areolar  tissue  is  in  contact  with  the  diaphragmatic  pleura. 

Bordeis.^ — The  lateral  border  {margo  lateralis;  external  border)  is  convex,  and  is 
directed  toward  the  postero-lateral  wall  of  the  abdomen.  On  the  left  side  it  is  in 
contact  at  its  upper  part,  with  the  spleen. 

The  medial  border  {margo  viedialis;  internal  border)  is  concave  in  the  centre  and 
convex  toward  either  extremity;  it  is  directed  forward  and  a  little  downward. 
Its  central  part  presents  a  deep  longitudinal  fissure,  bounded  by  prominent  over- 
hanging anterior  and  posterior  lips.  This  fissure  is  named  the  lulus,  and  transmits 
the  vessels,  nerves,  and  ureter.  Above  the  hilus  the  medial  border  is  in  relation 
with  the  suprarenal  gland;  below  the  hilus,  with  the  ureter. 

Extremities. — The  saperior  extremitr  (extremitas  superior)  is  thick  and  rounded, 
and  is  nearer  the  median  line  than  the  lower;  it  is  surmounted  by  the  suprarenal 
gland,  which  covers  also  a  small  portion  of  the  anterior  surface. 

The  inferior  extremity  {extremitas  inferior)  is  smaller  and  thinner  than  the  supe- 
rior and  farther  from  the  median  line.    It  extends  to  within  5  cm.  of  the  iliac  crest. 

The  relative  position  of  the 
main  structures  in  the  hilus  is  as 
follows:  the  vein  is  in  front,  the  ^'''''"'* 
arter>-  in  the  middle,  and  the 
ureter  behind  and  directed  down-  Twd/a 
ward.  Frequently,  however, 
branches  of  both  artery  and 
vein  are  placed  behind  the  ureter. 

Fixation  of  the  Kidney  (Figs.  Pmu 
1019,  1020).— The  kidney  and  its  ^  '"'"j'- 
vessels  are  imbedded  in  a  mass  '**"  ■'* 
of  fatty  tissue,  termed  the  adipose 

capsule,  which  is  thickest  at  the  errtouum 

margins  of  the  kidnev  and  is  pro-  tat^ofhSut 

longed  through  the  hilus  into  the     ^""^f  ofki^iu^y 

renal  sinus.    The  kidney  and  the  „ 

adipose  capsule  are  enclosed  in  a  rightaJfc 

sheath  of  fibrous  tissue  continuous  flexure 

with  the  subperitoneal  fascia,  an<l 
named  the  renal  fascia.  At  the 
lateral  border  of  the  kidnej'  the 
renal  fascia  splits  into  an  anterior 
and  a  posterior  layer.     The  ante-  | 

rior  la\er  is  carried   medJalward 

in  front  of  the   kidney  and   its    ri,r:i«g?ho-;;i8uS^^ti^«pS™l\Cid1^.%°i;'°^^^ 
vessels,  and   is   continuous  over 

the  aorta  with  the  corresponding  layer  of  the  opposite  side.  The  posterior  layer 
extends  medialward  behind  the  kidney  and  blenrls  with  the  fascia  on  the  Quad- 
ratus lumborum  and  Psoas  major,  and  through  this  fascia  is  attached  to  the  verte- 
bral column.   Above  the  suprarenal  gland  the  two  layers  of  the  renal  fascia  fuse. 
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and  unite  with  the  fascia  of  the  Diaphragma;  below  they  remain  separate,  and  are 
gradually  lost  in  the  subperitoneal  fascia  of  the  iliac  fossa.  The  renal  fascia  is 
connected  to  the  fibrous  tunic  of  the  kidney  by  numerous  trabeculse,  which  traverse 
the  adipose  capsule,  and  are  strongest  near  the  lower  end  of  the  organ.  Behind 
the  fascia  renalis  is  a  considerable  quantity  of  fat,  which  constitutes  the  paranephiic 
body.  The  kidney  is  held  in  position  partly  through  the  attachment  of  the  t:etml 
fascia  and  partly  by  the  apposition  of  the  neighboring  v' 


pote  cap/iulf 


upeule  of  the  kidney.    (Aflsr  GeroUi.) 


Oen«r>l  Stooctnr*  of  the  Kidner. — The  kidney  is  invested  by  a  fibrous  tunic,  which  fonns 
-  u  urin,  smooth  covering  to  the  organ.  The  tunic  can  be  easily  stripped  off,  but  in  doing  bo 
numerous  fine  proceases  of  connective  tissue  and  small  bloodvessela  are  torn  through.  Beneath 
this  coat  a.  thin  wide-meshed  net-work  of  unstriped  muscular  fibre  forms  an  incomplete  covering 
to  the  organ.  When  the  capsule  is  stripped  ofi',  the  surface  of  the  kidney  is  found  to  be  smooth 
and  even  and  of  a  deep  red  color.  In  infanta  fissures  extending  for  some  depth  may  be  seen  on 
the  surface  of  the  organ,  a  remnant  of  the  lobular  construction  of  the  gland.  The  kidney  is 
dense  in  texture,  but  is  easily  lacerable  by  mechanical  force.  If  a  vertical  section  of  the  kidney 
be  made  from  its  convex  to  its  concave  border,  and  the  loose  tissue  and  fat  removed  from  around 
the  vesaela  and  the  excretory  duct,  it  will  be  seen  that  the  kidney  consists  of  a  central  cavity  sur- 
rounded at  all  parts  but  one  by  the  proper  kidney  substance  (Fig.  1021).  This  central  cavity 
is  called  the  renal  slniui,  and  is  Uned  by  a  prolongation  of  the  fibrous  tunic,  which  is  continued 
around  the  lips  of  the  hilus.  Through  the  hilus  the  bloodvessels  of  the  kidney  and  its  excretory 
duct  pass,  and  therefore  these  structures,  upon  entering  or  leaving  the  kidney,  are  contained  within 
the  sinus.  The  excretory  duct  or  uieter  begins  by  several  short  truncated  branches  termed 
uldes,  which  unite  to  form  two  or  tbree  short  tubes;  these  in  turn  expand  into  a  wide  funnel- 
shaped  sac  named  the  renal  pelvia,  from  the  neck  of  which  the  ureter  issues.  The  calices  and 
pelvis  lie  within  the  sinus;  the  bloodvessels  of  the  kidney,  after  passing  through  the  hilus,  are 
also  contained  in  the  sinus,  lying  between  its  lining  membrane  and  the  excretory  apparatus. 

The  kidney  is  composed  of  an  internal  roedollUT  and  an  external  cortical  Bnbstance. 

The  mednUary  snbatance  (eabslantia  meduUarit)  consists  of  a  series  of  red-colored  striated 
conical  masses,  termed  the  rentl  pyrunids,  the  bases  of  which  are  directed  toward  the  circum- 
ference of  the  kidney,  while  their  apices  converge  toward  the  renal  sinus,  where  they  form  promi- 
nent papillie  projecting  into  the  interior  of  the  calices;  each  calyx  receives  from  one  to  three 
'papiUie. 
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The  cortkftl  anbituica  (gubsfanlia  eorlicalu)  ie  reddish  brown  in  color  aad  aoft  and  granular 
in  consistence.  It  lies  immediately  beneath  the  fibrous  tunic,  arches  over  the  baees  of  the 
pyramids,  and  dips  in  between,  adjacent  pyramids 
toward  the  renal  sinus.  The  parts  dipping  in  between 
the  pyramids  are  named  the  renal  eolnnuu  (Bertini), 
while  the  portions  which  connect  the  renal  columns  to 
each  other  and  intervene  between  the  bases  of  the 
pyramids  and  the  fibrous  tunic  are  called  the  eortieal 
arehes  (indicated  between  A  and  A'  in  Fig.  1021). 
If  the  cortex  be  examined  with  a  lens,  it  will  be  seen 
to  consist  of  a  aeries  of  lighter-colored,  conical  sreaa, 
termed  the  radiate  part,  and  a  darker-colored  inter- 
vening substance,  which  from  the  complexity  of  its 
structure  is  named  the  convoluted  part.  The  rays 
gradually  taper  toward  the  circumference  of  the  kidney, 
and  consist  of  a  series  of  outward  prolongations  from 
the  base  of  each  renal  pyramid. 

The  cortical  and  medullary  substances,  so  dissimilar 
in  appearance,  are  very  similar  in  structure,  being  made 
up  of  renal  tubules  and  bloodvessels,  united  and  bound 
together  by  a  connecting  stroma. 

innate  AuAlomr.— The  ranal  tubnlei  (Fig.  1022), 
of  which  the  kidney  is  for  the  most  part  made  up, 
commence  in  the  cortical  substance,  and  after  pursuing 
a  very  circuitous  course  through  the  cortical  and  medul- 
lary substances,  finally  end  at  the  apices  of  the  renal 
pyramids  by  open  mouths,  so  that  the  fluid  which 
they  contain  is  emptied,  through  the  caiices,  into  the 
pelvis  of  the  kidney.  If  the  surface  of  one  of  the 
papillte  be  exaotined  with  a  lens,  it  will  be  seen  to  be 
studded  over  with  minute  openings,  the  orifices  of  the  fis.  1021. — Vertientaectionof  Iddiwy. 


in's  rap^vU     jVcci 


H  convoluted  lobule 


Fio.  1022.— Scheme  i 


bule  aod  iu  vBMnilar  (upply. 
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renal  tubulee,  from  sixteen  to  twenty  in  number,  and  if  pressure  be  made  on  a.  freeh  kidaey, 
urJDe  will  be  seen  to  exude  from  these  orifices.  The  tubules  commence  in  the  convoluted  part 
and  renal  columns  as  the  Ma^igbian  bodies,  which  are  small  rounded  masses  of  a  deep  red 
color,  varying  in  size,  but  of  an  average  of  about  0.2  mm.  in  diameter.  Each  of  these  little 
bodies  is  composed  of  two  parts:  a  central  glomerulus  of  vessels,  called  a  Malpighian  toft, 
and  a  membranous  envelope,  the  MalpighiMi  Mpsnls  (capsiUe  of  Boteman),  which  is  the  small 
pouch-like  commencement  of  a  renal  tubule. 

The  Halpi^iiaii  toft  {vaicula  glomervlus)  is  a  lobulated  net-work  of  convoluted  capillary 
bloodvessels,  held  together  by  scanty  connective  tissue.  This  capillary  net-work  is  derived  from 
a  small  arterial  twig,  the  afferent  vessel,  which  enters  the  capsule,  generally  at  a  point  opposite 
to  that  at  which  the  latter  is  connected  with  the  tubule;  and  the  resulting  vein,  the  efferent 
vessel,  ejnerges  from  the  capsule  at  the  same  point.  The  afferent  vessel  is  usually  the  larger  of 
the  two  (Fig.  1023).  The  Haljacbiui  or  Bownun'B  ewsnlo,  which  surrounds  the  glomerulus, 
is  formed  of  a  hyaline  membrane,  supported  by  a  small  amount  of  connective  tissue,  which  is 
continuous  with  the  connective  tissue  of  the  tube.  It  ia  lined  on  its  inner  surface  by  a  layer  of 
squamous  epithelial  cells,  which  are  reflected  from  the  lining  membrane  on  to  the  glomerulus, 
at  the  point  of  entrance  or  exit  of  the  afferent  and  efferent  vessels.  The  whole  surface  of  the 
glomerulus  is  covered  with  a  continuous  layer  of  the  same  cells,  on  a  dehcate  supporting  mem- 
brane (Fig.  1024).  Thus  between  the  glomerulus  and  the  capsule  a  space  is  left,  formiog  a  cavity 
lined  by  a  continuous  layer  of  squamous  cells;  this  cavity  varies  in  size  according  to  the  state 
of  secretion  and  the  amount  of  fluid  present  in  it.  In  the  fetus  and  young  subject  tbe  lining 
epithelial  cells  are  polyhedral  or  even  columnar. 


Fia.  1023. — DiatributioD  of  bloodvsasela  In  coHei  of  ktdnay.  Fio.  1024. — Malpifbisn  body. 

The  renal  tabnles,  commencing  in  the  Malpighian  bodies,  present,  durii^  their  course,  many 
changes  in  shape  and  direction,  and  are  contained  partly  in  the  medullary  and  partly  in  the 
cortical  substance.  At  their  junction  with  the  Malpighian  cajisule  they  exhibit  a  somewhat 
constricted  portion,  which  is  termed  the  neck.  Beyond  this  the  tubule  becomes  convoluted, 
and  pursues  a  considerable  course  in  tlie  cortical  substance  constituting  the  pimimal  convoluted 
tube.  After  a  time  the  convolutions  disappear,  and  the  tube  approaches  the  medullary  sub- 
stance in  a  more  or  less  spiral  manner;  this  section  of  the  tubule  has  been  called  the  spinl  tube. 
Throughout  this  portion  of  their  course  the  renal  tubules  are  contained  entirely  in  the  cortical 
substance,  and  present  a  fairly  uniform  calibre.  They  now  enter  the  medullary  substance, 
suddenly  become  much  smaller,  quite  straight  in  direction,  and  dip  down  for  a  variable  depth 
into  the  pyramids,  constituting  the  descending  limb  of  Heule'B  loop.  Bending  on  themselves, 
they  form  what  is  termed  the  loop  oi  Henle,  and  reascending,  they  become  suddenly  enlarged, 
forming  the  ucending  limb  of  Benle's  loop,  and  reenter  the  cortical  substance.  This  portion 
of  the  tubule  ascends  for  a  short  distance,  when  it  a^ain  becomes  dilated,  irregular,  and  angular. 
This  section  is  termed  the  liciac  tubule;  it  ends  in  a  convoluted  tube,  which  resembles  the 
proximal  convoluted  tubule,  and  is  called  the  distal  couTolnted  tubule.  This  again  terminates 
in  a  narrow  junctional  tube,  which  enters  the  straight  or  collecting  tube. 

The  Btraifbt  or  coUectiuc  tubes  commence  in  the  radiate  part  of  the  cortex,  where  they  receive 
the  curved  ends  of  the  distal  convoluted  tubules.  They  unite  at  short  intervals  with  one  another, 
the  resulting  tubes  presenting  a  considerable  increase  in  calibre,  so  that  a  series  of  comparatively 
large  tubes  pas.'^ee  from  the  bases  of  the  rays  into  the  renal  pyramids.  In  the  medulla  the  tubes 
of  each  pyramid  converge  to  join  a  central  tube  (duct  of  Bellini)  which  finally  opens  on  the  summit 
of  one  of  the  papilla!;  the  contents  of  the  tube  are  therefore  discharged  into  one  of  the  calices. 

Slruclure  of  the  Retutl  TiibuUa. — The  renal  tubules  consist  of  a  basement  membrane  lined  with 
epithelium.    The  epithelium  varies  considerably  in  different  sections  of  the  tubule.    In  the  neck 
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the  epithelium  is  cootinuous  with  that  lining  the  M&lpighian  capsule,  and  like  it  consists  of 
flattened  cells  each  containing  an  oval  nucleus  (Fig.  1026).  The  two  convoluted  tubules,  the 
spiral  and  s^ag  tubules  and  the  ascending  limb  of  Henle'a  loop,  are  lined  by  a  type  of  epithelium 
which  is  histologically  the  same  in  all.  The  cells  are  somewhat  columnar  in  shape  and  dovetail 
into  one  another  of  their  lateral  aspect.  Each  has  a  striatfid  border  next  the  lumen  of  the  tube, 
its  imier  part  ia  granular  and  its  outer  portion  vertically  striated.  The  nucleus  is  spherical  and 
situated  about  the  centre  of  the  cell.  In  the  descend- 
ing limb  of  Heale's  loop  the  epithelium  resembles  that 
found  in  the  Malpighian  capsule  and  the  commence- 
ment of  the  tube,  consisting  of  fiat,  clear  epithelial 
plates,  each  with  an  oval  nucleus  (Fig.  1025).  The 
nuclei  alternate  on  opposite  surfaces  of  the  tubule  so 
that  the  lumen  remains  fairiy  constant. 

.In  the  straight  tube  the  epithelium  is  clear  and 
cubical:  in  its  papiUary  portion  the  cells  are  distinctly 
columnar  and  transparent  (Fig.  1026).  . 

Tbe  Banal  BloodTesaola. — The  kidney  is  plentifully 
supplied  with  blood  (Fig,  1027)  by  the  renal  art«ry,  a 
large  offset  of  the  abdominal  aorta.  Before  it  enters 
the  kidney,  each  articry  divides  into  four  or  five 
branches  which  at  the  hilus  lie  mainly  between  the 
renal  vein  and  ureter,  the  vein  being  in  front,  the 
ureter  behind;  one  branch  usually  hes  behind  the 
ureter.  Each  vessel  gives  off  some  small  branches  to 
the  suprarenal  glands,  to  the  ureter,  and  to  the  sui^ 
rounding  cellular  tissue  and  muscles.  Frequently  a 
second  renal  artery,  termed  the  inferioi  leiuJ,  is  given 
off  from  the  abdominal  aorta  at  a  lower  level,  and  supplies  the  lower  portion  of  the  kidney, 
while  occasionally  an  additional  artery  enters  the  upper  part  of  the  kidney.  The  branches 
of  the  renal  artery,  while  in  the  sinus,  give  off  a  few  twigs  for  the  nutrition  of  the  surround- 
ing tissues,  and  end  in  the  UterUe  propriM  ranAles,  which  enter  the  kidney  proper  in  the 
renal  columns.  Two  of  these  pass  to  each  renai  pyramid,  and  run  along  its  sides  for  its 
entire  lei^h,  giving  off  in  their  course  the  afferent  vessels  of  the  Malpighian  bodies  in  the  renal 


BWiKtiikK  [Lmb  < 


-  Loogitudinal    t 


Conrolulcd  tubule 


columns.  Having  arrived  at  the  bases  of  the  pyramids,  they  form  arterial  arches  or  arcades 
which  lie  in  the  boundary  aone  between  the  bases  of  the  pyramids  and  the  cortical  arches,  and 
break  up  into  two  distinct  sets  of  branches  devoted  to  the  supply  of  the  remaining  portions 
of  the  kidney. 

The  first  set,  the  interlobular  arteries  (Fig.  1022),  are  given  off  at  right  angles  from  the  side 
of  the  arterial  arcade  looking  toward  the  cortical  substance,  and  pass  directly  outward  between 
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the  medullary  rays  to  reach  the  fibrous  tunic,  where  they  end  in  the  capillary  net-work  ot  thie 
part.  These  vesaels  do  not  anastomose  with  each  other,  but  form  what  are  called  md-AiMhei. 
In  their  outward  course  they  give  off  lateral  branches;  these  are  the  afferent  vesaeU  for  the  M»l- 
pigbian  bodies  (see  page  1212);  they  enter  the  capsule,  and  end  in  the  Malpigbian  tuft«.  Fnm 
each  tuft  the  corresponding  efferent  vessel  arises,  and,  having  made  its  egress  from  the  c^Muk 
near  to  the  point  where  the  afferent  vessel  enters,  breaks  up  into  a  number  of  branches,  wbidi 
form  a  dense  pUxui  around  the  adjacent  urinary  tubes. 

The  second  sot  of  branehos  from  the  arterial  arcades  supply  the  renal  pyramidB,  which  thry 
enter  at  their  bases;  and,  passing  straight  through  their  substance  to  their  apices,  terminm 
in  the  venous  plexuses  found  in  that  situation.  They  are  called  the  utetla«  t«cta«.  The  effemt 
veseeb  from  the  glomeruli  nearest  the  medulla  break  up  into  leashee  of  straight  vessels  (faUt 
arteriae  reetae)  which  pass  down  into  the  medulla  and  join  the  plexus  of  vessels  there  (Fig.  1022). 

The  renal  veina  arise  from  three  sources,  viz.,  the  veins  beneath  the  fibrous  tunic,  the  plexuses 
around  the  convoluted  tubules  in  the  cortex,  and  the  plexuses  situated  at  the  apices  of 
the  renal  pyramids.  The  veins  beneath  the  fibrous  tunic  (venae  itelUtae)  are  stellate  in 
arrangement,  and  are  derived  from  the  capillary  net-work,  into  which  the  terminal  btancbes  U 
the  interlobular  arteries  break  up.  These  join  to  form  the  interlobular  veins,  which  pass  inmid 
between  the  raya,  receive  branches  from  the  plexuses  around  the  convoluted  tubules,  and,  having 
arrived  at  the  bases  of  the  renal  pyramids,  join  with  the  venae  reclae,  next  to  be  described. 
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The  venae  rectae  are  branches  from  the  plexuses  at  the  apices  of  the  medullary  pyramids, 
formed  by  the  terminations  of  the  arteriae  rectae.  They  run  outward  in  a  straight  course  between 
the  tubes  of  the  medullary  substance,  and  joining,  as  above  stated,  the  interlobular  veins,  fwm 
venous  arcades;  these  in  turn  unite  and  form  veins  which  pass  along  the  sides  of  the  pyramids 
(Fig.  1022). 

These  vessels,  venae  propriae  renalsB,  accompany  tbe  arteries  of  the  same  name,  running 
along  the  entire  length  of  the  sides  of  the  pyramids,  and  quit  the  kidney  substance  to  enter  lb# 
sinus.  In  this  cavity  they  join  the  corresponding  veins  from  the  other  pyramids  to  form  the 
renal  vein,  which  emerges  from  the  kidney  at  the  hilus  and  opens  into  the  inferior  vena  cavs; 
the  left  vein  is  longer  than  the  right,  and  crosses  in  front  of  the  abdominal  aorta. 

The  lymphatics  of  the  kidney  are  described  on  page  793, 

Nerves  of  tbe  Kidney.— The  ner\'cs  of  the  kidney,  although  small,  are  about  fifteen  in  nuinbrr 
They  have  small  ganglia  developed  upon  them,  and  are  derived  from  the  renal  plexus,  which  l< 
formed  by  branches  from  the  cceliac  plexus,  the  lower  and  outer  part  of  the  ca^liac  ganglion  aod 
aortic  plexus,  and  from  the  lesser  arid  lowest  splanclmic  nerves.  They  communicate  with  thf 
spermatic  plexus,  a  circumstance  which  may  explain  the  occurrence  of  pain  in  the  testis  in  affrc- 
tions  of  the  kidney.  They  accompany  the  renal  artery  and  its  branches,  and  are  distributed  U) 
the  bloodvessels  and  to  the  cells  of  (he  urinary  tubules. 

Connective  Tissue  (irilertiibular  stroma).  —  Although  the  tubules  and  vessels  are  ckieely 
packed,  a  small  amount  of  connective  tissue,  continuous  with  the  fibrous  tunic,  binds  tbeni 
firmly  together  and  supports  the  bloodvessels,  lymphatics,  and  nerves. 

Applied  Anatomy.— Malformations  of  the  kidney  are  not  uncommon.  There  may  he  m 
entire  absence  of  ode  kidney,  but,  according  to  Morris,  the  number  of  these  cases  is  "excessively 
small":  or  there  may  be  congenital  atrophy  of  one  kidney,  when  the  kidney  ia  very  small,  but 
usually  healthy  in  structure.    These  cases  are  of  great  importance,  and  must  be  duly  taken  into 
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account  when  nephrectomy  is  contemplated.  A  more  conmion  malformation  is  where  the  two 
kidneys  are  fused  together.  They  may  be  joined  together  only  at  their  lower  ends  by  means 
of  a  thick  mass  of  renal  tissue,  so  as  to  form  a  horseshoe-shaped  body,  or  they  may  be  completely 
united,  forming  a  disk-like  kidney,  from  which  two  ureters  descend  into  the  bladder.  These  fused 
kidneys  are  generally  situated  in  the  middle  line  of  the  abdomen,  but  may  be  misplaced  as  well. 
In  some  mammals,  e.  g,,  ox  and  bear,  the  kidney  consists  of  a  nimiber  of  distinct  lobules;  this 
lobulated  condition  is  characteristic  of  the  kidney  of  the  hiunan  fetus,  and  traces  of  it  may  persist 
in  the  adult.  Sometimes  the  pelvis  is  duplicated,  while  a  double  ureter  is  not  very  uncommon. 
In  some  rare  instances  a  third  kidney  may  be  present. 

One  or  both  kidnejrs  may  be  misplaced  as  a  congenital  condition,  and  remain  fixed  in  this 
abnormal  position.  They  are  then  very  often  misshapen.  They  may  be  situated  higher,  though 
this  is  very  uncommon,  or  lower  than  normal  or  removed  farther  from  the  vertebral  column 
than  usual;  or  they  may  be  displaced  into  the  iliac  fossa,  over  the  sacroiliac  joint,  on  to  the 
promontory  of  the  sacrum,  or  into  the  pelvis  between  the  rectum  and  bladder  or  by  the  side  of 
the  uterus.  In  these  latter  cases  they  may  give  rise  to  very  serious  trouble.  The  kidney  may  also 
be  misplaced  as  a  congenital  condition,  but  may  not  be  fixed;  it  is  then  known  as  &  floating  kidney. 
It  is  believed  to  be  due  to  the  fact  that  the  kidney  is  completely  enveloped  by  peritoneum  which 
then  passes  backward  to  the  vertebral  column  as  a  double  layer,  forming  a  mesonephron  which 
permits  of  movement  taking  place.  The  kidney  may  also  be  misplaced  as  an  acquired  condition; 
in  these  cases  the  kidney  is  mobile  in  the  tissues  by  which  it  is  surrounded,  moving  with  the 
capsule  in  the  perinephric  tissues.  This  condition  is  known  as  movable  hidneyy  and  is  more  conmion 
in  the  female  than  in  the  male.  It  occurs  in  badly  nourished  people,  or  in  those  who  have  become 
emaciated  from  any  cause.  It  must  not  be  confounded  with  the  floating  kidney^  which  is  a 
congenital  condition  due  to  the  development  of  a  mesonephron.  The  two  conditions  cannot, 
however,  be  distinguished  until  the  abdomen  is  opened  or  the  kidney  explored  from  the  loin. 

Injuries  of  the  kidney  are  generally  due  to  some  severe  crushing  force,  as  from  being  run  over 
by  a  heavy  wagon  or  cart,  or  from  the  abdomen  being  compressed  between  the  buffers  of  two 
railway  carriages.  When  a  laceration  occurs  on  the  posterior  surface  of  the  organ,  infiltration 
of  blood  and  urine  takes  place  into  the  retroperitoneal  connective  tissue;  this  is  often  followed 
by  suppuration,  and  death  may  ensue  from  septic  poisoning.  When  the  laceration  is  in  front, 
the  peritonemn  may  be  torn  and  extravasation  of  blood  and  urine  take  place  into  the  peritoneal 
cavity.  Death  may  occur  from  hemorrhage  or  peritonitis.  Occasionally,  when  rupture  involves 
the  pelvis  of  the  kidney  or  the  conmiencement  of  the  ureter,  this  duct  may  become  blocked,  and 
hydronephrosis  follow.  Sometimes  the  kidney  may  be  bruised  by  blows  in  the  loin,  or  by  being 
compressed  between  the  lower  ribs  and  the  ilium  when  the  body  is  violently  bent  forward.  This 
is  followed  by  a  little  transient  hematuria,  which,  however,  speedily  passes  off. 

The  loose  cellular  tissue  around  the  kidney  may  be  the  seat  of  suppuration,  constituting 
perinephric  abscess.  This  may  be  due  to  injury,  to  disease  of  the  kidney  itself,  or  to  extension 
of  inflammation  from  neighboring  parts.  The  abscess  tends  to  point  externally  in  the  groin  or 
loin. 

Tumors  of  the  kidney,  of  which  perhaps  sarcoma  is  the  most  conmion,  may  be  recognized 
by  their  position;  by  the  resonant  colon  lying  in  front  of  them;  and  by  their  rounded  outline 
not  presenting  a  notched  anterior  margin  like  the  spleen,  with  which  they  are  most  likely  to  be 
confounded. 

The  hypernephroma,  a  benign  or  malignant  tumor  arising  from  the  suprarenal  gland,  or  from 
suprarenal  "rests"  or  inclusions  in  the  cortex  or  medulla  of  the  kidney,  is  not  infrequent.  When 
occurring  in  children  it  is  often  associated  with  precocious  growth  of  the  body  generally  and  of 
the  hair  and  sexual  organs  in  particular.  Arising,  as  it  often  does,  in  the  kidney,  a  hypernephroma 
may  be  indistinguishable  from  a  true  renal  tumor  so  far  as  the  physical  signs  and  symptoms  go; 
it  is  really,  however,  a  tumor  of  the  suprarenal  gland  substance. 

The  examination  of  the  kidney  should  be  bimanual;  that  is  to  say,  one  hand  should  be  placed 
in  the  flank  and  firm  pressure  made  forward;  while  the  other  hand  is  buried  in  the  abdominal 
wall,  over  the  situation  of  the  organ.  Manipulation  of  the  kidney  frequently  produces  a  pecuhar 
sickening  sensation,  sometimes  with  faintness. 

The  kidney  may  require  exposure  for  exploration  or  the  evacuation  of  pus  (nephrotomy);  it 
may  be  incised  for  the  removal  of  stone  (nephrolithotomy)]  it  may  be  sutured  when  movable  or 
floating  (nephrorrhaphy);  or  it  may  be  removed  (nephrectomy).  It  may  be  exposed  either  by  a 
lumbar  or  an  abdominal  incision;  except  in  cases  of  very  large  tumors,  a  lumbar  incision  is  best, 
as  it  has  the  advantages  of  not  opening  the  peritoneum,  and  of  affording  admirable  drainage. 
An  oblique  incision  should  be  made,  starting  at  the  lateral  border  of  the  Sacrospinalis,  1.25  cm. 
below  the  last  rib  and  directed  downward  and  forward  toward  a  point  2.5  cm.  in  front  of  the 
anterior  superior  spine  of  the  ilium.  The  structures  divided  are  the  skin,  the  superficial  fascia 
with  the  cutaneous  nerves,  the  deep  fascia,  the  posterior  border  of  the  Obhquus  extemus  ab- 
dominis, and  the  outer  border  of  the  Latissimus  dorsi;  the  Obliquus  internus  and  the  posterior 
aponeurosis  of  the  Transversus  abdominis;  the  lateral  border  of  the  Quadratus  lumborum;  the 
deep  layer  of  the  lumbodorsal  fascia  and  the  transversalis  fascia.    The  fatty  tissue  around  the 
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kidney  is  now  exposed  to  view,  and  must  be  separated  by  the  fingers,  or  a  director,  in  order  to 
reach  the  kidney.  The  operations  of  nephrolithotomy,  for  the  removal  of  calculi  from  the  kidney, 
and  nephrotomy,  or  incision  of  the  kidney  for  abscess,  etc.,  are  generally  performed  by  the  lumbar 
incision.  This  route  is  also  generally  chosen  for  nephrectomy,  especially  if  the  organ  is  thought 
to  contain  pus.  The  abdominal  operation  is  best  performed  by  an  incision  through  the  lateral 
part  of  the  Rectus  abdominis  on  the  side  of  the  kidney  to  be  removed;  the  kidney  is  then  reached 
from  the  lateral  side  of  the  colon,  ascending  or  descending,  as  the  case  may  be,  and  thus  the 
vessels  of  the  colon  are  not  interfered  with.  The  incision  conunencing  just  below  the  costal  arch 
is  made  of  varying  length,  according  to  the  size  of  the  kidney.  The  abdominal  cavity  having 
been  opened,  the  intestines  are  drawn  medialward  and  the  peritoneum  covering  the  kidney  to 
the  lateral  side  of  the  colon  is  incised,  so  that  the  fingers  can  be  introduced  behind  the  peritoneum. 
The  kidney  must  now  be  enucleated,  and  the  vessels  firmly  ligatured  and  divided,  the  ureter 
being  tied  separately.  The  particular  advantage  of  the  abdominal  operation  is  that  the  con- 
dition of  the  other  kidney  can  be  ascertained  by  manual  examination,  before  the  removal  of  the 
diseased  kidney  is  finally  decided  upon;  and  further,  involvement  of  neighboring  structure  by 
a  new-growth,  rendering  removal  impossible,  can  only  be  discovered  by  the  abdominal  route. 

Nephrorrhaphy  is  the  name  given  to  the  operation  for  fixing  a  movable  kidney.  The  kidney 
is  reached  by  the  lumbar  incision,  and  its  posterior  surface  denuded  of  its  adipose  capsule.  Three 
stitches  of  medium  thickness  are  passed  through  the  transversalis  fascia  and  muscles  and  through 
the  cortical  substance  of  the  kidney,  securing  a  good  hold  of  it.  When  these  sutures  are  tied, 
the  kidney  is  tightly  anchored  in  position;  cases  which  are  seen  sometime  afterward  seem,  however, 
to  show  that  it  does  not  always  remain  fixed. 

The  Ureters. 

The  ureten  are  the  two  tubes  which  convey  the  urine  from  the  kidneys  to  the 
urinary  bladder.  Each  commences  within  the  sinus  of  the  corresponding  kidney 
as  a  number  of  short  cup-shaped  tubes,  termed  calices,  which  encircle  the  renal 
papillae.  Since  a  single  calyx  may  enclose  more  than  one  papilla  the  calices  are 
generally  fewer  in  number  than  the  pyramids — ^the  former  varying  from  seven  to 
thirteen,  the  latter  from  eight  to  eighteen.  The  calices  join  to  form  two  or  three 
short  tubes,  and  these  unite  to  form  a  funnel-shaped  dilatation,  wide  above  and 
narrow  below,  named  the  renal  pelvis,  w^hich  is  situated  partly  inside  and  partly 
outside  the  renal  sinus.  It  is  usually  placed  on  a  level  with  the  spinous  process  of 
the  first  lumbar  vertebra. 

The  Ureter  Proper  measures  from  25  to  30  cm.  in  length,  and  is  a  thick-walled 
narrow  cylindrical  tube  which  is  directly  continuous  near  the  lower  end  of  the 
kidney  with  the  tapering  extremity  of  the  renal  pelvis.  It  runs  downward  and 
medialward  in  front  of  the  Psoas  major  and,  entering  the  pelvic  cavity,  finally 
opens  into  the  fundus  of  the  bladder. 

The  abdominal  part  (pars  ahdominalis)  lies  behind  the  peritoneum  on  the  medial 
part  of  the  Psoas  major,  and  is  crossed  obliquely  by  the  internal  spermatic  vessels. 
It  enters  the  pelvic  cavity  by  crossing  either  the  termination  of  the  common,  or 
the  commencement  of  the  external,  iliac  vessels. 

At  its  origin  the  right  ureter  is  usually  covered  by  the  descending  part  of  the 
duodenum,  and  in  its  course  downward  lies  to  the  right  of  the  inferior  vena  cava, 
and  is  crossed  by  the  right  colic  and  ileocolic  vessels,  while  near  the  superior  aperture 
of  the  pelvis  it  passes  behind  the  lower  part  of  the  mesentery  and  the  terminal 
part  pf  the  ileum.  The  left  ureter  is  crossed  by  the  left  colic  vessels,  and  near  the 
superior  aperture  of  the  pelvis  passes  behind  the  sigmoid  colon  and  its  mesentery. 

The  pelvic  part  {pars  pelvina)  runs  at  first  downward  on  the  lateral  wall  of  the 
pelvic  cavity,  along  the  anterior  border  of  the  greater  sciatic  notch  and  under 
cover  of  the  peritoneum.  It  lies  in  front  of  the  hypogastric  artery  medial  to  the 
obturator  nerve  and  the  umbilical,  obturator,  inferior  vesical,  and  middle  hemor- 
rhoidal arteries.  Opposite  the  lower  part  of  the  greater  sciatic  foramen  it  inclines 
medialward,  and  reaches  the  lateral  angle  of  the  bladder,  where  it  is  situated  in 
front  of  the  upper  end  of  the  seminal  vesicle  and  at  a  distance  of  about  5  cm. 
from  the  opposite  ureter;  here  the  ductus  deferens  crosses  to  its  medial  side,  and 
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the  vesical  veins  surround  it.  Finally,  the  ureters  run  obliquely  for  about  2  cm. 
through  the  wall  of  the  bladder  and  open  by  slit-like  apertures  into  the  cavity 
of  the  viscus  at  the  lateral  angles  of  the  trigone.  When  the  bladder  is  distended 
the  openings  of  the  ureters  are  about  5  cm.  apart,  but  when  it  is  empty  and  con- 
tracted the  distance  between  them  is  diminished  by  one-half.  Owing  to  their 
oblique  course  through  the  coats  of  the  bladder,  the  upper  and  lower  walls  of  the 
terminal  portions  of  the  ureters  become  closely  applied  to  each  other  when  the  viscua 
is  distended,  and,  acting  as  valves,  prevent  regurgitation  of  urine  from  the  bladder. 
In  the  female,  the  ureter  forms,  as  it  lies  in  relation  to  the  wall  of  the  pelvis, 
the  posterior  boundary  of  a  shallow  depression  named  the  ovarian  fossa,  in  which 
the  ovary  is  situated.  It  then  runs  medialward  and  forward  on  the  lateral  aspect 
of  the  cervix  uteri  and  upper  part  of  the  vagina  to  reach  the  fundus  of  the  bladder. 
In  this  part  of  its  course  it  is  accompanied  for  about  2.5  cm.  by  the  uterine  artery, 
which  then  crosses  in  front  of  the  ureter  and  ascends  between  the  two  layers  of  the 
broad  ligament.  The  ureter  is  distant  about  2  cm.  from  the  side  of  the  cervix  of 
the  uterus.  The  ureter  is  sometimes  duplicated  on  one  or  both  sides,  and  the 
two  tubes  may  remain  distinct  as  far  as  the  fundus  of  the  bladder.  On  rare 
occasions  they  open  separately  into  the  bladder  cavity. 

8tractar«  (Fig.  1028).— The  ureter  is  composed  of  three  ooata;   flbrons,  ] 
coato. 

The  fibrouB  coat  (tunica  adDentilia)  ia  continuoua  at  one  end  with  the  fibrous  tunic  of  the  kidney 
on  the  floor  of  the  sinus;  while  at  the  other  it  ia  lost  in  the  fibrous  Mructure  of  the  bladder. 

In  the  renal  pelvis  the  miueular  coat 
(tunica  mvscularis)  coosiats  of  two 
l&yers,  loni^tudinal  and  ciiculaf:  the 
longitudinal  fibres  become  lost  upon  the 
sidea  of  the  papilUe  at  the  extremities 
of  the  calices;  the  circulai'  fibres  may 
be  traced  surrounding  the  medullary 
substance  in   the  same  situalioa.    In 

the  ureter  proper   the   muscular   fibres  Fibrouji  tune 

are  very  distinct,  and  are  arranged  in  Longitudinal 

-,y«ee  layers:    an  external    longitudmal,  niMctJorjttrM 

a  ntiddle  circular,  and  an  internal,  leaa 

(taticct  than  the  other  two,  but  having  „.      ,  , 

a   genera!   longitudinal    direction.     Ac-  C.rc«J«rm»«»far 

oording  to  Kolliker  this  iiil«mal  layer  ia 

faimd  only  in  the  neighborhood  of  the  SubrpilMiat 

bladder.  conneelit/e  Iimue 

The  mucous  CO»t  {tunica  mwioea)  is  Transitional 

smooth,  and  presents  a  few  longitudinal  epitkdium 

folds  which  become  effa,ced  by  disten- 


mth  the 

membrane  of  the  bladder  below,  while 
it  is  prolonged  over  the  papilla  of  the 
kidney  above.  Its  epithelium  is  of  a 
transitional  character,  and  resembles 
that  found  in  the  bladder  (see  Fig. 
1034).     It  consists  of  several  layers  of 

cells,  of  which  the  innermost— that  is  to  Fio.  1028.-TniMVen«  w-^iioa  o(  uwwr. 

aay,  the  cells  in  contact  with  the  urine — 

are  somewhat  flattened,  with  concavities  on  their  deep  surfaces  into  which  the  rounded  ends 
of  the  cells  of  the  second  layer  fit.  These,  the  intermediate  cells,  more  or  less  resemble  columnar 
epithelium,  and  are  pear-shaped,  with  rounded  internal  extremities  which  fit  into  the  concavities 
of  the  cells  of  the  first  layer,  and  narrow  external  extremities  which  are  wedged  in  between  the 
cells  oi  the  third  layer.  The  external  or  third  layer  consista  of  conical  or  oval  cells  varying  in 
number  in  different  parts,  and  presenting  processes  which  extend  down  into  the  basement- 
membrane.  Beneath  the  epithelium,  and  separating  it  from  the  muscular  coats,  ia  a  dense  layer 
of  fibrous  tissue  containing  many  elastic  fibres. 

Tvsaela  and  Nsrves. — The  artorios  supplying  the  ureter  are  branches  from  the  renal,  internal 
spermatic,  hypogastric,  and  inferior  vesical. 

The  nerves  are  derived  from  the  inferior  mesenteric,  spermatic,  and  pelvic  plexuses. 
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Applied  Aiutaiiir. — Rupture  of  the  ureter  is  not  a.  common  accident,  but  occasionally  occurs. 
If  it  be  torn  completely  across,  the  urine  collects  in  the  retroperitoneal  tissues;  if  it  be  not  com- 
pletely divided,  the  lumen  of  the  tube  may  become  strictured  and  hydronephrosis  or  pyonephroaie 
result.  The  ureter  may  be  accidentally  wounded  in  some  pelvic  operations,  such  as  removal  of 
the  uterus;  if  this  should  happen  the  divided  ends  must  be  sutured  together,  or  failing  to  accom- 
plish this  an  attempt  may  be  made  to  implant  the  upper  end  into  the  bladder  or  rectum.  If  this 
cannot  be  carried  out  the  only  alternative  is  to  remove  the  kidney  immediately. 

Stones  not  uncommonly  become  impacted  in  the  ureter.  These  may  occur  at  any  part,  but 
most  commonly  either  at  the  point  where  the  tube  ia  crossing  the  pelvic  brim  or  at  the  termina- 
tion, where  it  is  passing  obliquely  through  the  muscular  wall  of  the  bladder.  In  the  former  case, 
an  incision  with  its  centre  opposite,  and  2.5  cm.  internal  to,  the  anterior  superior  iliac  spine, 
dividing  all  the  structures  down  to  the  peritoneum,  enables  the  operator  to  reach  the  ureter  by 
pushing  the  unopened  peritoneum  inward;  the  stone  can  then  be  felt  in  the  ureter,  the  wall  of 
which  is  incised,  and  the  stone  extracted,  free  drainage  being  provided  for  the  escaping  urine. 
When  the  stone  is  impacted  at  the  vesical  end  of  the  tube  a  preliminary  incision  into  the  bladder 
is  required,  and  by  scratching  through  the  mucous  membrane  overlying  it  the  calculus  can  be 
removed. 

The  UrinuT  Bladder  (Vesica  Urinaria;  Bladder)  (Fig.  1029). 

The  urinarj  bladder  is  a  musculomembranous  sac  which  acts  as  a  reservoir 
for  the  urine;  and  as  its  size,  position,  and  relations  vary  according  to  the  amount 
of  fluid  it  contains,  it  is  necessarj'  to  study  it  as  it  appears  (a)  when  empty,  and  (6) 


Ejaevlaiory  dvct 
Analeanal  ■ 


Fia.  1020. — Median  asgittal  rcUod  o!  male  pelvis. 

when  distended.  In  both  conditions  the  position  of  the  bladder  varies  with  the 
condition  of  the  rectum,  being  pushed  upward  and  forward  when  the  rectum  is 
distended. 

The  Empty  Bladder.^When  hardened  in  sHv,  the  empty  bladder  has  the 
form  of  a  flattened  tetrahedron,  with  its  vertex  tilted  forward.    It  presents  a  fundus, 
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a  vertex,  a  superior  and  an  inferior  surface.  The  fundus  (Fig.  1041)  is  triangular 
in  shape,  and  is  directed  downward  and  backward  toward  the  rectum,  from  which 
it  is  separated  by  the  rectovesical  fascia,  the  vesiculae  seminales,  and  the  terminal 
portions  of  the  ductus  deferentes.  The  vertex  is  directed  forward  toward  the  upper 
part  of  the  symphysis  pubis,  and  from  it  the  middle  umbilical  ligament  is  continued 
upward  on  the  back  of  the  anterior  abdominal  wall  to  the  umbilicus.  The  peri- 
toneum is  carried  by  it  from  the  vertex  of  the  bladder  on  to  the  abdominal  wall 
to  form  the  middle  umbilical  fold.  The  superior  surface  is  triangular,  bounded 
on  either  side  by  a  lateral  border  which  separates  it  from  the  inferior  surface,  and 
behind  by  a  posterior  border,  represented  by  a  line  joining  the  two  ureters,  which 
intervenes  between  it  and  the  fundus.  The  lateral  borders  extend  from  the  ureters 
to  the  vertex,  and  from  them  the  peritoneum  is  carried  to  the  walls  of  the  pelvis. 
On  either  side  of  the  bladder  the  peritoneum  shows  a  depression,  named  the  para- 
vesical fossa  (Fig.  963).  The  superior  surface  is  directed  upward,  is  covered  by  peri- 
toneum, and  is  in  relation  with  the  sigmoid  colon  and  some  of  the  coils  of  the  small 
intestine.  When  the  bladder  is  empty  and  firmly  contracted,  this  surface  is  convex 
and  the  lateral  and  posterior  borders  are  rounded;  whereas  if  the  bladder  be  relaxed 
it  is  concave,  and  the  interior  of  the  viscus,  as  seen  in  a  median  sagittal  section, 
presents  the  appearance  of  a  V-shaped  slit  with  a  shorter  posterior  and  a  longer 
anterior  limb — ^the  apex  of  the  V  corresponding  with  the  internal  orifice  of  the 
urethra.  The  inferior  surface  is  directed  downward  and  is  uncovered  by  peritoneum. 
It  may  be  divided  into  a  posterior  or  prostatic  area  and  two  infero-lateral  surfaces. 
The  prostatic  area  is  somewhat  triangular:  it  rests  upon  and  is  in  direct  continuity 
with  the  base  of  the  prostate;  and  from  it  the  urethra  emerges.  The  infero-lateral 
portions  of  the  inferior  surface  are  directed  downward  and  lateralward:  in  front, 
they  are  separated  from  the  symphysis  pubis  by  a  mass  of  fatty  tissue  which  is 
named  the  retropubic  pad;  behind,  they  are  in  contact  with  the  fascia  which  covers 
the  Levatores  ani  and  Obturatores  interni. 

When  the  bladder  is  empty  it  is  placed  entirely  within  the  pelvis,  below  the  level 
of  the  obliterated  hypogastric  arteries,  and  below  the  level  of  those  portions  of  the 
ductus  deferentes  which  are  in  contact  with  the  lateral  wall  of  the  pelvis;  after 
they  cross  the  ureters  the  ductus  deferentes  come  into  contact  with  the  fundus 
of  the  bladder.  As  the  viscus  fills,  its  fundus,  being  more  or  less  fixed,  is  only 
slightly  depressed;  while  its  superior  surface  gradually  rises  into  the  abdominal 
cavity,  carrying  with  it  its  peritoneal  covering,  and  at  the  same  time  rounding 
off  the  posterior  and  lateral  borders. 

The  Distended  Bladder. — ^When  the  bladder  is  moderately  full  it  contains 
about  0.5  litre  and  assumes  an  oval  form;  the  long  diameter  of  the  oval  measures 
about  12  cm.  and  is  directed  upward  and  forward.  In  this  condition  it  presents 
a  postero-superior,  an  antero-inferior,  and  two  lateral  surfaces,  a  fundus  and  a 
summit.  The  postero-superior  surface  is  directed  upward  and  backward,  and  is  cov- 
ered by  peritoneum:  behind,  it  is  separated  from  the  rectum  by  the  rectovesical 
excavation,  while  its  anterior  part  is  in  contact  with  the  coils  of  the  small  intestine. 
The  antero-inferior  surface  is  devoid  of  peritoneum,  and  rests,  below,  against  the 
pubic  bones,  above  which  it  is  in  contact  with  the  back  of  the  anterior  abdominal 
wall.  The  lower  parts  of  the  lateral  surfaces  are  destitute  of  peritoneum,  and  are 
in  contact  with  the  lateral  walls  of  the  pelvis.  The  line  of  peritoneal  reflection 
from  the  lateral  surface  is  raised  to  the  level  of  the  obliterated  hypogastric  artery. 
The  fundus  undergoes  little  alteration  in  position,  being  only  slightly  lowered. 
It  exhibits,  however,  a  narrow  triangular  area,  which  is  separated  from  the  rectum 
merely  by  the  rectovesical  fascia.  This  area  is  bounded  below  by  the  prostate, 
above  by  the  rectovesical  fold  of  peritoneum,  and  laterally  by  the  ductus  deferentes. 
The  ductus  deferentes  frequently  come  in  contact  with  each  other  above  the  pros- 
tate, and  under  such  circumstances  the  lower  part  of  the  triangular  area  is  obliter- 
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ated.  The  line  of  reflection  of  the  peritoneum  from  the  rectum  to  the  bladder 
appears  to  undergo  little  or  no  change  when  the  latter  is  distended;  it  is  situated 
about  10  cm.  from  the  anus.  The  sununit  is  directed  upward  and  forward  above 
the  point  of  attachment  of  the  middle  umbilical  ligament,  and  hence  the  peritoneum 
which  follows  the  ligament,  forms  a  pouch  of  varying  depth  between  the  summit 
of  the  bladder,  and  the  anterior  abdominal  wall. 


Fio.  1030.— gacitUl  g«liDu  throu(h  (be  pelvis  of  n  neirly  born  mate  cbild. 

The  Bladder  in  the  Child  (Figs.  1030, 1031).— In  the  newborn  child  the  internal 
urethral  orifice  is  at  the  level  of  the  upper  border  of  the  symphysis  pubis;  the 
bladder  therefore  lies  relatively  at  a  much  higher  level  in  the  infant  than  in  the 


Cavity  of  till 
Sigmoid  n 


Ituphyaia  pubis 


m  tbrough  the  peLvLa  of  a 


adult.  Its  anterior  surface  "is  in  contact  with  about  the  lower  two-thirds  of  that 
part  of  the  abdominal  wall  which  lies  between  the  symphysis  pubis  and  the  umbili- 
cus" {Symington').     Its  fundus  is  clothed  with  peritoneum  as  far  as  the  level 
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of  the  internal  orifice  of  the  urethra.  Although  the  bladder  of  the  infant  is  usually 
described  as  an  abdominal  organ,  Symington  has  pointed  out  that  only  about 
one-half  of  it  lies  above  the  plane  of  the  superior  aperture  of  the  pelvis.  Disse 
maintains  that  the  internal  urethral  orifice  sinks  rapidly  during  the  first  three 
years,  and  then  more  slowly  until  the  ninth  year,  after  which  it  remains  stationary 
until  puberty,  when  it  again  slowly  descends  and  reaches  its  adult  position. 

The  Female  Bladder  (Fig.  1032). — In  the  female,  the  bladder  is  in  relation 
behind  with  the  uterus  and  the  upper  part  of  the  vagina.  It  is  separated  from  the 
anterior  surface  of  the  body  of  the  uterus  by  the  vesicouterine  excavation,  but 
below  the  level  of  this  excavation  it  is  connected  to  the  front  of  the  cervix  uteri 
and  the  upper  part  of  the  anterior  wall  of  the  vagina  by  areolar  tissue.  When 
the  bladder  is  empty  the  uterus  rests  upon  its  superior  surface.  The  female  bladder 
is  said  by  some  to  be  more  capacious  than  that  of  the  male,  but  probably  the 
opposite  is  the  case. 


Fia.  I03Z.— Median  MiitUl  sctian  o[  femate  pelvii. 

Ligaments. — ^The  bladder  is  connected  to  the  pehic  wall  by  the  fascia  endo- 
pelvina.  In  front  this  fascial  attachment  is  strengthened  by  a  few  muscular  fibres, 
the  Paboresicaleg,  which  extend  from  the  back  of  the  pubic  bones  to  the  front 
of  the  bladder;  behind,  other  muscular  fibres  run  from  the  fundus  of  the  bladder 
to  the  sides  of  the  rectum,  in  the  sacrogenital  folds,  and  con.stitute  the  Beetovesieales. 

The  vertex  of  the  bladder  is  joined  to  the  umbilicus  by  the  remains  of  the  urachus 
which  forms  the  middle  umbilical  li{ametit,  a  fibromuscular  cord,  broad  at  its 
attachment  to  the  bladder  but  narrowing  as  it  ascends. 

From  the  superior  surface  of  the  bladder  the  peritoneum  is  carried  off  in  a  series 
of  folds  which  are  sometimes  termed  the  false  ligaments  of  the  bladder.  Anteriorly 
there  are  three  folds:  the  middle  umbilical  fold  on  the  middle  umbilical  ligament, 
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and  two  lateral  nmbilical  folds  on  the  obliterated  h>-pogastric  arteries.  The  reflec- 
tions of  the  peritoneum  on  to  the  side  walls  of  the  pelvis  form  the  lateral  false 
ligaments,  while  the  sacrogenital  folds  constitute  posterior  false  ligaments. 

Interior  of  the  BUdder  (Fig.  1033). — The  mucous  membrane  lining  the  bladder 
is,  over  the  greater  part  of  the  viscus,  loosely  attached  to  the  muscular  coat,  and 
appears  wrinkled  or  folded  when  the  bladder  is  contracted :  in  the  distended  condi- 
tion of  the  bladder  the  folds  are  effaced.  Over  a  small  triangular  area,  termed  the 
tri^oimm  vesicae,  immediately  above  and  behind  the  internal  orifice  of  the  urethra, 
the  mucous  membrane  is  firmly  bound  to  the  muscular  coat,  and  b  always  smooth. 
The  anterior  angle  of  the  trigonum  vesicae  is  formed  by  the  internal  orifice  of  the 
urethra:  its  postero-lateral  angles  by  the  orifices  of  the  ureters.  Stretching  behind 
the  latter  openings  is  a  slightly  curved  ridge,  the  tonu  aratetiens,  forming  the  base 
of  the  trigone  and  produced  by  an  underlying  bundle  of  non-striped  muscular 


fibres.  The  lateral  parts  of  this  ridge  extend  beyond  the  openings  of  the  ureters, 
and  are  named  the  plicae  nretericae ;  they  are  produced  by  the  terminal  portions  of 
the  ureters  as  they  traverse  obliquely  the  bladder  wall.  When  the  bladder  is 
illuminated  the  torus  uretericus  appears  as  a  pale  band  and  forms  an  important 
guide  during  the  operation  of  introducing  a  catheter  into  the  ureter. 

The  orifices  of  the  ureters  are  placed  at  the  postero-lateral  angles  of  the  trigonum 
vesicae,  and  are  usually  slit-like  in  form.  In  the  contracted  bladder  they  are  about 
2.5  cm.  apart  and  about  the  same  distance  from  the  internal  urethral  orifice;  in 
the  distended  viscus  these  measurements  may  be  increased  to  about  5  cm. 

The  internal  urethral  orifice  is  placed  at  the  apex  of  the  trigonum  vesicae,  in  the 
most  dependent  part  of  the  bladder,  and  is  usually  somewhat  crescentic  in  form; 
the  mucous  membrane  immediately  behind  it  presents  a  slight  elevation,  the 
QTula  vesicae,  caused  by  the  middle  lobe  of  the  prostate. 
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Structon  (Pig.  1034).— The  bliulder  is  composed  of  the  four  coats:  sarotu,  Dnuculu,  inb- 
maeoiu,  and  miKOiu  coKta. 

The  BerODi  coat  (tunUa  serota)  is  a.  partial  one,  and  is  derived  from  the  peritoneum.  It  invests 
the  superior  surface  and  the  upper  parts  of  the  lateral  surfaces,  and  is  reflected  from  theee  on 
to  the  abdominal  and  pelvic  walls. 

The  mnscnlfti  cokt  (tunica  mjaeularU)  consists  of  three  layera  of  uuatriped  muscular  fibres: 
aa  external  layer,  composed  of  fibres  having  for  the  most  part  a  bngitudinal  arrangement;  a 
middk  layer,  in  which  the  fibres  are  arranged,  more 
or  less,  in  a  circular  manner;  and  an  internal  layer, 
in  which  the  fibres  have  a  general  longitudinal  ar-  Trangitional 


The  fibres  of  the  ejtemal  layer  arise  from  the  pos- 
terior surface  of  the  body  of  the  pubis  in  both  sexes  8iAnauMua  coat 
{ittMCuli  pvbove*ieale»),  and  in  the  male  from  the 
adjacent  part  of  the  prostate  and  its  capsule. 
They  pass,  in  a  more  or  less  longitudinal  manner,  up 
the  inferior  surface  of  the  bladder,  over  its  vertex, 

and  then  descend  along  its  fundus   to   become   at^  Inner  lager  of 

tached  to  the  prostate  in  the  male,  and  to  the  front  ^iT*^ 

of  the  vagina  in  the  female.    At  the  sides  of  the  ^ 

bladder  the  fibres  are  arranged  obliquely  and  inter- 
e  another.    This  layer  has  been  named  the 


The  fibres  of  the  middle  cirautar  layer  are  very  fiirt* 

thinly  and  irregularly  scattered  on  the  body  of  the 
organ,  and,  although  to  some  extent  placed  trans- 
versely to  the  long  axis  of  the  bladder,  are  for  the 

most   part  arranged  obliquely.    Toward  the   lower  Ovier  layer  of 

part  of  the  bladder,  around  the  internal  urethral  Umgdudx^ 

orifice,  they  are  disposed  in  a  thick  circular  layer,  muxUfibrta 

forming  the  Sphincter  micM,  which  is  continuous 
with  the  muscular  fibres  of  the  prostate. 

The  iniemal  Umipiudirud  layer  is  thin,   and  its  Fia.  1034.— Vertical aKtioo' of bluldarnll. 

fasciculi  have  a  reticular  arrangement,  but  with  a 

tendency  to  assume  for  the  most  part  a  longitudinal  direction.  Two  bands  of  oblique  fibres, 
originating  behind  the  orifices  of  the  ureters,  converge  to  the  back  part  of  the  prostate,  and 
are  inserted  by  means  of  a  fibrous  process,  into  the  middle  lobe  of  that  organ.  They  are  the 
moaclM  of  the  nrftters,  described  by  Sir  C.  Bell,  who  supposed  that  during  the  contraction  of 
the  bladder  they  serve  to  retain  the  oblique  direction  of  the  ureters,  and  so  prevent  the  reflux  of 
the  urine  into  them. 

The  iiibmiuolu  cut  itda  submueoaa)  consists  of  a  layer  of  areolar  tissue,  connecting  together 
the  muscular  and  mucous  coats,  and  intimately  united  to  the  latter. 

The  mncotu  CtMt  (tunica  mucosa)  is  thin,  smooth,  and  of  a  pale  rose  color.  It  is  continuous 
above  through  the  ureters  with  the  lining  membrane  of  the  renal  tubules,  and  below  with  that 
of  the  urethra.  The  loose  texture  of  the  submucous  layer  allows  the  mucous  coat  to  be  thrown 
into  folds  or  rut;<E  when  the  bladder  is  empty.  Over  the  trigonum  vesicae  the  mucous  mem- 
brane is  closely  attached  to  the  muscular  coat,  and  is  not  thrown  into  folds,  but  is  smooth  and 
flat.  The  epithelium  covering  it  is  of  the  transitional  variety,  consisting  of  a  superficial  layer 
of  polyhedral  flattened  cells,  each  with  one,  two,  or  three  nuclei;  beneath  theee  is  a  stratum 
of  large  club-shaped  cells,  with  their  narrow  extremities  directed  downward  and  wedged  in 
between  smaller  spindle-shaped  cells,  containing  oval  nuclei  (Fig.  1034).  The  epithelium  varies 
according  as  the  bladder  is  distended  or  contracted.  In  the  former  condition  the  superficial  cells 
are  flattened  and  those  of  the  other  layers  are  shortened;  in  the  latter  they  present  the  appear- 
ance described  above.  There  are  no  true  glands  in  the  mucous  membrane  of  the  bladder,  though 
certain  mucous  follicles  which  eTtist,  especially  near  the  neck  of  the  bladder,  have  been  regarded 

TMsela  and  Nerres. — The  utoriea  supplying  the  bladder  are  the  superior,  middle,  and  inferior 
vesical,  derived  from  the  anterior  trunk  of  the  hypogastric.  The  obturator  and  inferior  gluteal 
arteriee  also  supply  small  visceral  branches  to  the  bladder,  and  in  the  female  additional  branches 
are  derived  from  the  uterine  and  vaginal  arteries. 

The  TtiBt  form  a  complicated  plexus  on  the  inferior  surface,  and  fundus  near  the  prostate,  and 
end  in  the  hypogastric  veins. 

The  lympbktics  are  described  on  page  793. 

TbenervM  of  the  bladder  are  (1)  fine  medullated  fibres  from  the  third  and  fourth  sacral  nerves, 
and  (2)  non-meduliated  fibres  from  the  hypi^astiic  plexus.  They  are  connected  with  ganglia 
in  the  outer  and  submucous  coats  and  are  finally  distributed,  all  as  non-medullated  fibres,  to  the 
muscular  layer  and  epitheUal  lining  of  the  viscus. 
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Applied  Anatomy. — A  defect  of  development,  in  which  the  bladder  ia  implicated,  is  known 
under  the  name  of  extrovergian  of  the  Madder.  In  this  condition  the  lower  part  of  the  abdominal 
wall  and  the  anterior  wall  of  the  bladder  are  wanting,  so  that  the  fundus  of  the  bladder  presents 
on  the  abdominal  surface,  and  is  pushed  forward  by  the  pressure  of  the  viscera  within  the  abdomen, 
forming  a  red  vascular  tumor  on  which  the  openings  of  the  ureters  are  visible.  The  penis,  except 
the  glans,  is  rudimentary  and  is  cleft  on  its  dorsal  surface,  exposing  the  floor  of  the  urethra,  a 
condition  known  as  epispadia.    The  pelvic  bones  are  also  arrested  in  development  (see  page  344). 

The  bladder  may  be  ruptured  by  violence  applied  to  the  abdominal  wall,  when  the  viscus  is 
distended,  without  any  injiuy  to  the  bony  pelvis,  or  it  may  be  torn  in  cases  of  fractm^  of  the 
pelvis.  The  rupture  may  be  either  intraperitoneal  or  extraperitoneal:  that  is,  may  implicate 
the  superior  surface  of  the  bladder  in  the  former  case,  or  one  of  the  other  surfaces  in  the  latter. 
Until  recently  intraperitoneal  ruptiure  was  uniformly  fatal,  but  now  abdominal  section  and 
suturing  the  rent  with  Lembert's  suture  is  resorted  to,  with  a  very  considerable  amount  of  success. 
The  sutures  are  inserted  only  through  the  peritoneal  and  muscular  coats  in  such  a  way  as  to 
bring  the  serous  surfaces  at  the  margins  of  the  wound  into  apposition,  and  one  is  ineerted  just 
beyond  each  end  of  the  wound.  The  bladder  should  be  tested  as  to  whether  it  is  water-tight 
before  closing  the  external  incision. 

The  muscular  cqat  of  the  bladder  imdergoes  hypertrophy  in  cases  in  which  there  is  any  obstruc- 
tion to  the  flow  of  urine.  Under  these  circumstances  the  bundles  of  which  the  muscular  coat 
consists  become  much  increased  in  size,  and,  interlacing  in  all  directions,  give  rise  to  what  is 
known  as  the  faadcuUUed  bladder.  Between  these  muscular  bundles  the  mucous  membrane 
may  bulge  out,  forming  sacculi,  constituting  the  saccidated  bladderf  and  in  these  little  pouches 
phosphatic  concretions  may  collect,  forming  encysted  calculi.  The  mucous  membraile  is  very 
loosely  attached,  except  over  the  trigone,  to  allow  of  the  distension  of  the  viscus. 

Various  forms  of  tumor  have  been  found  springing  from  the  wall  of  the  bladder.  The  com- 
monest innocent  tumor  is  the  villous  papilloma.  Of  the  malignant  tiunors,  epithelioma  is  the 
most  common,  but  sarcoma  i^  occasionally  found  in  the  bladder  of  children. 

In  doubtful  cases  the  cystoecope  proves  a  valuable  aid  in  diagnosis.  This  instrument  consists 
of  a  tube  in  which  is  fixed  a  smaJl  dectric  light,  the  wires  of  which  run  through  the  shaft  of  the 
instrument.  Upon  introducing  this  down  the  urethra,  the  bladder  can  be  examined  with  the  eye 
and  a  villous  growth  or  other  tumor,  a  calculus,  or  an  ulcer  can  be  detected;  or  the  orifices  of 
the  ureters  can  be  examined,  and  renal  hematuria  diagnosticated,  and  it  can  be  definitely  settled 
from  which  kidney  the  blood  comes.  Again,  the  presence  of  minute  tuberculous  ulceration  near 
the  mouth  of  the  ureter  on  the  affected  side  may  establish  the  diagnosis,  not  only  of  tuberculous 
kidney,  but  also  of  the  side  in  which  the  disease  is  located.  The  cystoscope  can  be  used  to 
catheterize  the  ureter,  for  the  purpose  of  obtaining  a  specimen  of  urine  from  either  kidney,  or  to 
ascertain  the  condition  of  both  kidneys  where  it  is  proposed  to  remove  one.  Ureteric  bougies 
opaque  to  a;-rays  can  be  passed  up  and  photographed. 

Puncture  of  the  bladder  may  be  performed  either  above  the  symphysis  pubis  or  through 
the  rectum,  in  both  cases  without  wounding  the  peritoneum.  The  former  plan  is  generally  to 
be  preferred,  since  in  puncture  by  the  rectum  a  permanent  fistula  may  be  left  from  abscess  fonning 
between  the  rectiun  and  the  bladder;  or  pelvis  cellulitis  may  be  set  up;  moreover,  it  is  exceedingly 
inconvenient  to  keep  a  cannula  in  the  rectum.  In  some  cases,  in  performing  this  operation  the 
rectovesical  excavation  of  the  peritoneum  has  been  wounded,  inducing  fatal  peritonitis.  Puncture 
through  the  rectum,  therefore,  has  been  almost  completely  abandoned  in  favor  of  the  suprapubic 
route. 

Access  to  the  bladder,  for  the  purpose  of  removing  calculi  or  an  enlarged  prostate,  is  almost 
always  effected  by  the  suprapubic  route,  the  old  perineal  operation  being  now  rarely  resorted 
to.  In  the  female,  owing  to  the  shortness  of  the  urethra,  and  its  ready  dilatabiUty,  calculi  and 
foreign  bodies  and  new  growths,  when  of  small  size,  may  be  removed  by  the  lurethral  route. 

Suprapubic  cystotomy  is  performed  by  first  injecting  ten  or  twelve  ounces  of  some  weak  anti- 
septic fluid  into  the  bladder.  Then,  with  or  without  distending  the  rectum,  a  vertical  median 
incision,  from  7  to  10  cm.  in  length,  is  made  in  the  hypogastric  region  immediately  above  the 
symphysis,  and  extended  between  the  Pyramidales  and  Recti  until  the  transversalis  fascia  is 
reached.  This  is  divided  and  some  fatty  tissue  exposed  (space  of  Retzius).  Upon  separating 
this,  the  inferior  surface  of  the  bladder  will  be  exposed  and  will  be  recognized  by  its  muscular 
fibres.  A  needle  should  be  passed  through  its  coat  on  either  side  of  the  spot  selected  for  the 
opening,  and  two  long  pieces  of  silk  inserted.  The  bladder  is  incised  between  these  stays,  which 
are  held  by  an  assistant  and  form  a  useful  guide  to  the  opening  in  the  bladder  when  the  fluid 
has  escaped. 

It  is  important  that  the  bladder  should  be  emptied  by  catheter  as  a  routine  measiure  in  women, 
prior  to  operations  on  the  lower  part  of  the  abdomen  or  pelvis.  Neglect  of  this  precaution  has, 
not  unconmionly,  led  to  that  viscus  being  opened  by  accident.  Women  especially  are  apt  to 
acquire  an  atonic  distension  of  the  bladder,  and  the  fact  that  some  quantity  of  urine  has  been 
passed  immediately  before  operation  is  no  guarantee  that  the  viscus  is  not  distended.  If  the 
accident  should  occur,  the  bladder  wall  must  be  carefully  sutured  before  the  peritoneum  is 
opened. 
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Tltfl  Malfl  tTrethra  (nrethra  Virilis)  (Fig.  1035). 

The  male  uretiira  extends  from  the  internal  urethral  orifice  in  the  urinary  bladder 
to  the  exteraal  urethral  orifice  at  the  end  of  the  penis.    It  presents  a  double  curve 
in  the  ordinary  relaxed  state  of  the  penis  (Fig.  1030).    Its  length  varies  from  17.5 
to  20  cm.;  and  it  is  divided  into  three  portions,  the  prostatic,  membranoiu,  and 
caTemoiu,  the  structure  and  rela- 
tions   of    which    are    essentially 
iji£fereat.      Except    during     the 
passage  of  the   urine  or   semen, 
the  greater  part  of  the  urethral 
canal  is  a  mere  transverse   cleft 
or  slit,  with  its  upper  and  under 
surfaces  in  contact ;  at  the  external 
orifice  the  slit  is  vertical,  in  the 
membranous  portion  irregular  or 
stellate,  and  in  the  prostatic  por- 
tion somewhat  arched. 

The  prostatic  poTtion  {pars  pros- 
iatica),  the  widest  and  most  dila- 
table part  of  the  canal,  is  about 
3  cm.  long,  It  runs  almost  ver- 
tically through  the  prostate  from 
its  base  to  its  apex,  lying  nearer 
its  anterior  than  its  posterior 
surface;  the  form  of  the  canal 
is  spindle-shaped,  being  wider  in 
the  middle  than  at  either  extrem- 
ity, and  narrowest  below,  where 
it  joins  the  iiiembranous  portion. 
A  transverse  section  of  the  canal 
as  it  lies  in  the  prostate  is  horse- 
shoe-shaped, with  the  convexity 
directed  forward. 

Upon  the  posterior  wall  or 
floor  is  a  narrow  longitudinal 
ridge,  the  nrethial  crest  (veru- 
monianvm),  formed  by  an  eleva- 
tion of  the  mucous  membrane 
and  its  subjacent  tissue.  It  is 
from  15  to  17  mm.  in  length, 
and  about  3  mm.  in  height,  and 

contains,  according  to  Kobelt,  muscular  and  erectile  tissue.  When  distended, 
it  may  serve  to  prevent  the  passage  of  the  semen  backward  into  the  bladder. 
On  either  side  of  the  crest  is  a  slightly  depressed  fossa,  the  prostatic  sinus,  the  floor 
of  which  is  perforated  by  numerous  apertures,  the  orifices  of  the  prostatic  ducts 
from  the  lateral  lobes  of  the  prostate;  the  ducts  of  the  middle  lobe  open  behind 
the  crest.  At  the  forepart  of  the  urethral  crest,  below  Its  summit,  is  a  median 
elevation,  the  collicnlns  seminalis,  upon  or  within  the  margins  of  which  are  the 
orifices  of  the  prostatic  utricle  and  the  slit-Uke  openings  of  the  ejaculatory  duets. 
The  prostatic  utricle  {sinus  pocularw)  forms  a  cul^de-sac  about  6  mm.  long,  which 
runs  upward  and  backward  in  the  substance  of  the  prostate  behind  the  middle 
lobe.    Its  walls  are  composed  of  fibrous  tissue,   muscular  fibres,   and   mucous 
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membrane,  and  numerous  small  glands  open  on  its  inner  surface.  It  was  called 
by  Weber  the  uterus  masculinus,  from  its  being  developed  from  the  united 
lower  ends  of  the  atrophied  Miillerian  ducts,  and  therefore  homologous  with  the 
uterus  and  vagina  in  the  female. 

The  membranoos  portion  (pars  membranacea)  is  the  shortest,  least  dilatable, 
and,  with  the  exception  of  the  external  orifice,  the  narrowest  part  of  the  canal. 
It  extends  downward  and  forward,  with  a  slight  anterior  concavity,  between  the 
apex  of  the  prostate  and  the  bulb  of  the  urethra,  perforating  the  urogenital  dia- 
phragm about  2.5  cm.  below  and  behind  the  pubic  symphysis.  The  hinder  part 
of  the  urethral  bulb  lies  in  apposition  with  the  inferior  fascia  of  the  urogenital 
diaphragm,  but  its  upper  portion  diverges  somewhat  from  this  fascia:  the  anterior 
wall  of  the  membranous  urethra  is  thus  prolonged  for  a  short  distance  in  front 
of  the  urogenital  diaphragm;  it  measures  about  2  cm.  in  length,  while  the  posterior 
wall  which  is  between  the  two  fasciae  of  the  diaphragm  is  only  1.25  cm.  long. 

The  membranous  portion  of  the  urethra  is  completely  surrounded  by  the  fibres 
of  the  Sphincter  urethrae  membranaceae.  In  front  of  it  the  deep  dorsal  vein  of 
the  penis  enters  the  pelvis  between  the  transverse  ligament  of  the  pelvis  and  the 
arcuate  pubic  ligament^  on  either  side  near  its  termination  are  the  bulbourethral 
glands. 

The  cavemoos  portion  (pars  cavernosa;  penile  or  spongy  portion)  is  the  longest 
part  of  the  urethra,  and  is  contained  in  the  corpus  cavernosum  urethrae.  It  is 
about  15  cm.  long,  and  extends  from  the  termination  of  the  membranous  portion 
to  the  external  urethral  orifice.  Commencing  below  the  inferior  fasciK  of  the 
urogenital  diaphragm  it  passes  forward  and  upward  to  the  front  of  the  symphysis 
pubis;  and  then,  in  the  flaccid  condition  of  the  penis,  it  bends  downward  and 
forward.  It  is  narrow,  and  of  uniform  size  in  the  body  of  the  penis,  measiu*- 
ing  about  6  mm.  in  diameter;  it  is  dilated  behind,  within  the  bulb,  and  again 
anteriorly  within  the  glans  penis,  where  it  forms  the  fossa  navlcuJaris  urethrae. 

The  external  urethral  orifice  (orificium  urethrae  externum;  meatus  urinarius)  is 
the  most  contracted  part  of  the  urethra;  it  is  a  vertical  slit,  about  6  mm.  long, 
bounded  on  either  side  by  two  small  labia. 

The  lining  membrane  of  the  urethra,  especially  on  the  floor  of  the  cavernous 
portion,  presents  the  orifices  of  numerous  mucous  glands  and  follicles  situated 
in  the  submucous  tissue,  and  named  the  urethral  glands  (Littre).  Besides  these 
there  are  a  number  of  small  pit-like  recesses,  or  lacmi»,  of  varying  sizes.  Their 
orifices  are  directed  forward,  so  that  they  may  easily  intercept  the  point  of  a 
catheter  in  its  passage  along  the  canal.  One  of  these  lacunse,  larger  than  the  rest, 
is  situated  on  the  upper  surface  of  the  fossa  navicularis;  it  is  called  the  lacuna 
ma(cna.  The  bulbo-urethral  glands  open  into  the  cavernous  portion  about  2.5  cm. 
in  front  of  the  inferior  fascia  of  the  urogenital  diaphragm. 

Stmcture. — ^The  urethra  is  composed  of  mucous  membrane,  supported  by  a  submucous  tissue 
which  comiects  it  with  the  various  structures  through  which  it  passes. 

The  mucous  coat  forms  part  of  the  genito-urinary  mucous  membrane.  It  is  continuous  with 
the  mucous  membrane  of  the  bladder,  ureters,  and  kidne3rs;  externally,  with  the  integument 
covering  the  glans  penis;  and  is  prolonged  into  the  ducts  of  the  glands  which  open  into  the  urethra, 
viz.,  the  bulbo-urethral  glands  ^nd  the  prostate;  and  into  the  ductus  deferentes  and  vesiculae 
seminales,  through  the  ejaculatory  ducts.  In  the  cavernous  and  membranous  portions  the  mucous 
membrane  is  arranged  in  longitudinal  folds  when  the  tube  is  empty.  Small  papillse  are  foimd 
upon  it,  near  the  external  urethral  orifice;  its  epithelial  lining  is  of  the  columnar  variety  except 
near  the  external  orifice,  where  it  is  squamous  and  stratified. 

The  submucous  tissue  consists  of  a  vascular  erectile  layer;  outside  this  is  a  layer  of  unstriped 
muscular  fibres,  arranged  in  a  circular  direction,  which  separates  the  mucous  membrane  and 
submucous  tissue  from  the  tissue  of  the  corpus  cavernosum  urethrae. 

Applied  Azubtomy. — The  urethra  may  be  ruptured  by  the  patient  falling  astride  of  any  hard 
substance  and  striking  his  perineiun,  so  that  the  urethra  is  crushed  against  the  pubic  arch. 
Bleeding  will  at  once  take  place  from  the  urethra,  and  this,  together  with  the  bruising  in  the 
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perineum  and  the  history  of  the  accident,  will  point  to  the  nature  of  the  injury.  Rupture  of 
the  urethra  is  due  in  other  cases  to  the  perforation  of  a  periurethral  abscess.  Extravasation  of 
mine  most  frequently  takes  place  into  the  perinemn  in  front  of  the  inferior  fascia  of  the  urogenital 
diaphragm,  i.  e.,  under  the  fascia  of  Colles.  Both  these  layers  of  fascia  are  attached  firmly  to 
the  ischiopubic  rami.  It  is  clear,  therefore,  that  when  extravasation  of  fluid  takes  place  between 
them,  it  cannot  pass  backward,  because  the  two  layers  are  continuous  with  each  other  around 
the  Transversus  perinaei  muscles;  it  cannot  extend  laterally,  on  account  of  the  connection  of 
both  these  layers  to  the  rami  of  the  pubis  and  ischimn;  it  cannot  find  its  way  into  the  pelvis, 
because  the  opening  into  this  cavity  is  closed  by  the  urogenital  diaphragm,  and,  therefore,  so 
long  as  these  two  layers  remain  intact,  the  only  direction  in  which  the  fluid  can  make  its  way 
is  forward  into  the  areolar  tissue  of  the  scrotum  and  penis,  and  thence  on  to  the  anterior  wall  of 
the  abdomen. 

Gonorrhoea  is  an  acute  and  very  prevalent  inflammatory  infection  of  the  mucous  membrane 
of  the  urethra.  The  causative  organisms  (gonococci)  pass  through  the  mucous  membrane  into 
the  submucous  tissue,  and  most  serious  complications  and  results  may  follow.  In  most  cases 
the  disease  remains  limited  to  the  part  of  the  urethra  in  front  of  the  urogenital  diaphragm,  but 
in  some  (about  10  per  cent.)  the  "posterior  urethra*'  becomes  involved  in  the  process,  leading  to 
an  inflammation  of  the  openings  of  the  prostatic  follicles.  Such  a  condition  is  apt  to  continue 
as  a  very  chronic  form  of  prostatitis,  and  in  many  cases  the  infection  will  spread  along  the  ductus 
deferens,  giving  rise  to  epididymitis. 

The  anatomy  of  the  urethra  is  of  considerable  importance  in  connection  with  the  passage  of 
instruments  into  the  bladder.  Otis  was  the  first  to  point  out  that  the  urethra  is  capable  of  great 
dilatability,  so  that,  excepting  through  the  external  urethral  orifice,  an  instrument  corresponding 
to  18  English  gauge  (29  French)  can  usually  be  passed  without  damage.  The  external  orifice 
of  the  urethra  is  not  so  dilatable,  and  therefore  may  require  slitting.  A  recognition  of  this  dila- 
tabiUty  caused  Bigelow  to  very  considerably  modify 'the  operation  for  crushing  a  stone  in  the 
bladder.  In  passing  catheters,  especially  fine  ones,  the  point  of  the  instrument  should  be  kept 
as  far  as  possible  along  the  upper  wall  of  the  canal,  as  otherwise  it  is  very  liable  to  enter  one  of 
the  lacunae. 

Stricture  of  the  urethra  is  a  disease  of  very  common  occurrence,  and  is  generally  situated  in 
the  cavernous  part  of  the  urethra,  just  in  front  of  the  membranous  portion,  but  in  a  very  con- 
siderable number  of  cases  in  the  antescrotal  part  of  the  canal.  The  stricture  usually  results  from 
the  contraction  of  inflammatory  products  in  the  submucous  tissue,  the  result,  in  the  vast  majority 
of  all  cases,  of  a  prolonged  gleet  following  gonorrhoea.  Urethral  stricture,  however,  follows 
rupture  of  that  tube  resulting  from  falls  on  the  perineum,  and  in  this  variety  is  very  dense, 
and  is  a  most  imsatisfactory  condition  with  regard  to  treatment.  Congenital  strictiure  is  also 
occasionally  met  with,  and  in  such  cases  multiple  strictiures  may  be  present  throughout  the 
whole  length  of  the  cavernous  portion. 

Congenital  defects  of  the  urethra  occiur  occasionally.  The  one  most  frequently  met  with  is 
where  there  is  a  cleft  on  the  floor  of  the  urethra  owing  to  an  arrest  of  union  in  the  middle  line. 
This  is  known  as  hypospadias,  and  the  cleft  may  vary  in  extent.  The  simplest  and  by  far  the 
most  common  form  is  where  the  deficiency  is  confined  to  the  glans  penis.  The  urethra  ends  at 
the  point  where  the  extremity  of  the  prepuce  joins  the  body  of  the  penis,  in  a  small  valve-like 
opening.  The  prepuce  is  also  cleft  on  its  under  surface  and  forms  a  sort  of  hood  over  the  glans. 
There  is  a  depression  on  the  glans  in  the  position  of  the  normal  meatus.  This  condition  produces 
no  disability  and  requires  no  treatment.  In  more  severe  cases  the  cavernous  portion  of  the 
urethra  is  cleft  throughout  its  entire  length,  and  the  opening  of  the  urethra  is  at  the  point  of 
junction  of  the  penis  and  scrotum.  The  under  surface  of  the  penis  in  the  middle  line  presents  a 
furrow  lined  by  a  moist  mucous  membrane,  on  either  side  of  which  is  often  more  or  less  dense 
fibrous  tissue  stretching  from  the  glans  to  the  opening  of  the  urethra,  which  prevents  complete 
erection  taking  place.  Great  discomfort  is  induced  during  mictiuition,  and  sexual  connection  is 
impossible.  The  condition  may  be  remedied  by  a  series  of  plastic  operations.  The  worst  form 
of  this  condition  is  where  the  urethra  is  deficient  as  far  back  as  the  perineum,  and  the  scrotum 
is  cleft.  The  penis  is  small  and  bound  down  between  the  two  halves  of  the  scrotum,  so  as  to 
resemble  an  hypertrophied  clitoris.  The  testes  are  often  retained.  The  condition  of  parts, 
therefore,  very  much  resembles  the  external  organs  of  generation  of  the  female,  and  many  chil- 
dren the  victims  of  this  malformation  have  been  brought  up  as  girls.  The  halves  of  the  scrotum, 
deficient  of  testes,  resemble  the  labia,  the  cleft  between  them  looks  like  the  orifice  of  the  vagina, 
and  the  diminutive  penis  is  taken  for  an  enlarged  clitoris.    There  is  no  remedy  for  this  condition. 

A  much  more  uncommon  form  of  malformation  is  where  there  is  an  apparent  deficiency  of  the 
upper  wall  of  the  urethra;  this  is  named  epispadias.  The  deficiency  may  vary  in  extent;  when 
it  is  complete  the  condition  is  associated  with  extroversion  of  the  bladder.  In  less  extensive  cases, 
where  there  is  no  extroversion,  there  is  an  infundibuUform  opening  into  the  bladder.  The 
penis  is  usually  dwarfed  and  turned  upward,  so  that  the  glans  lies  over  the  opening. 
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The  Female  Urethra  (Urethra  Muliebris)  (Fig.  1032). 

The  female  urethra  is  a  narrow  membranous  eanal^  about  4  cm.  long,  extending 
from  the  internal  to  the  external  urethral  orifice.  It  is  placed  behind  the  sym- 
physis pubis,  imbedded  in  the  anterior  wall  of  the  vagina,  and  its  direction  is  ob- 
liquely downward  and  forward;  it  is  slightly  curved  with  the  concavity  directed 
forward.  Its  diameter  when  undilated  is  about  6  mm.  It  perforates  the  fasciae 
of  the  urogenital  diaphragm,  and  its  external  orifice  is  situated  directly  in  front 
of  the  vaginal  opening  and  about  2.5  cm.  behind  the  glans  clitoridis.  The  lining 
membrane  is  throw^n  into  longitudinal  folds,  one  of  which,  placed  along  the  floor 
of  the  canal,  is  termed  the  urethral  crest.  Many  small  urethral  glands  open  into 
the  urethra. 

Stmctnre. — The  urethra  consists  of  three  coats:  mnseular,  erectile,  and  mocoiu. 

The  mnscular  coat  is  continuous  with  that  of  the  bladder;  it  extends  the  whole  length  of  the 
tube,  and  consists  of  circiilar  fibres.  In  addition  to  this,  between  the  superior  and  inferior  fascis 
of  the  urogenital  diaphragm,  the  female  urethra  is  surroimded  by  the  Sphincter  urethrse  mem- 
branacese,  as  in  the  male. 

A  thin  layer  of  spongy  erectile  tissue,  containing  a  plexus  of  large  veins,  intermixed  with 
bundles  of  unstriped  muscular  fibres,  lies  immediately  beneath  the  mucous  coat. 

The  muGons  coat  is  pale;  it  is  continuous  externally  with  that  of  the  vxilva,  and  internally  with 
that  of  the  bladder.  It  is  lined  by  stratified  squamous  epithelium,  which  becbmes  transitional 
near  the  bladder.   Its  external  orifice  is  surrounded  by  a  few  mucous  follicles. 


THE  MALE   GENITAL  ORGANS  (ORG ANA  GENITALIA  VIRILIA). 

The  male  genitals  include  the  testes,  the  ductus  deferentes,  the  yesiculae  semi- 
nales,  the  ejaculatory  ducts,  and  the  penis,  together  with  the  following  accessory 
structures,  viz.,  the  prostate  and  the  bulbourethral  glands. 

The  Testes  and  Their  Coverings  (Fig.  1036). 

The  testes  are  two  glandular  organs,  which  secrete  the  semen;  they  are  suspended 
in  the  scrotum  by  the  spermatic  cords.  At  an  early  period  of  fetal  life  the  testes 
are  contained  in  the  abdominal  cavity,  behind  the  peritoneum.  Before  birth  they 
descend  to  the  inguinal  canal,  along  which  they  pass  with  the  spermatic  cord, 
and,  emerging  at  the  subcutaneous  inguinal  ring,  they  descend  into  the  scrotum, 
becoming  invested  in  their  course  by  coverings  derived  from  the  serous,  muscular, 
and  fibrous  layers  of  the  abdominal  parietes,  as  well  as  by  the  scrotum. 

The  coyerings  of  the  testes  are,  the 

Skin  1  ^  Cremaster. 

Dartos  tunic  /   ^^^  "°^*  Infundibuliform  fascia. 

Intercrural  fascia.  Tunica  vaginalis. 

The  Scrotum  is  a  cutaneous  pouch  which  contains  the  testes  and  parts  of  the 
spermatic  cords.  It  is  divided  on  its  surface  into  two  lateral  portions  by  a  ridge 
or raph^,  which  is  continued  forward  to  the  under  surface  of  the  penis,  and  backward, 
along  the  middle  line  of  the  perineum  to  the  anus.  Of  these  two  lateral  portions 
the  left  hangs  lower  than  the  right,  to  correspond  with  the  greater  length  of  the 
left  spermatic  cord.  Its  external  aspect  varies  under  different  circumstances: 
thus,  under  the  influence  of  warmth,  and  in  old  and  debilitated  persons,  it  becomes 
elongated  and  flaccid;  but,  under  the  influence  of  cold,  and  in  the  young  and 
robust,  it  is  short,  corrugated,  and  closely  applied  to  the  testes. 

The  scrotum  consists  of  two  layers,  the  integument  and  the  dartos  tunic. 

The  Integument  is  very  thin,  of  a  brownish  color,  and  generally  thrown  into 
folds  or  rugae.    It  is  provided  with  sebaceous  follicles,  the  secretion  of  which  has  a 
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peculiar  odor,  and  is  beset  with  thinly  scattered,  crisp  hairs,  the  roots  of  which 
are  seen  through  the  skin. 

The  DartOB  Tunic  {tunica  dartos)  is  a  thin  layer  of  non-striped  muscular  fibres, 
continuous,  around  the  Base  of  the  scrotum,  with  the  two  layers  of  the  superficial 
fascia  of  the  groin  and  the  perineum;  it  sends  inward  a  septum,  which  divides 
the  scrotal  pouch  into  two  cavities  for  the  testes,  and  extends  between  the  raph£ 
and  the  under  surface  of  the  penis,  as  far  as  its  root. 

The  dartos  tunic  is  closely  united  to  the  skin  externally,  but  connected  with 
the  subjacent  parts  by  delicate  areolar  tissue,  upon  which  it  glides  with  the. 
greatest  facility. 


IMtreniml/ateia 
iMfvitdihalifurm  Jateia 


SpemuUic  win 
Epididymir 


vaciD^ifl  u  repreKDtfld  in  a  diatended  coaditLoti.     (DiAAr&nunblJc.)    (Del^pioo.) 

The  Intercmial  Fascia  (intercolumnar  or  external  spermatic  fascia)  is  a  thin 
membrane,  prolonged  downward  aroimd  the  surface  of  the  cord  and  testis  {see 
page  501).    It  is  separated  from  the  dartos  tunic  by  loose  areolar  tissue. 

The  Cremaater  consists  of  scattered  bundles  of  muscular  fibres  connected 
together  into  a  continuous  covering  by  intermediate  areolar  tissue  (see  page  504), 

The  Infundibulilorm  Fascia  {tunica  vaginalis  communis  [testis  et  funiculi  sper- 
matid]) is  a  thin  layer,  which  loosely  invests  the  cord;  it  is  a  continuation 
downward  of  the  transversalis  fascia  (see  page  508). 

The  Tunica  Vaginalis  is  described  with  the  testes. 

TobmU  ftnd  MerTM.— The  arteries  supplying  the  coverings  of  the  testes  are:  the  superficial 
and  deep  eirtemal  pudendal  branches  of  the  femoral,  the  superficial  perineal  branch  of  the 
intemul  pudendal,  and  the  cremasteric  branch  from  the  inferior  epigastric.  The  vtilU  follow 
the  course  of  the  corresponding  arteries.  The  lymplMtics  end  in  the  inguinal  lymph  glands. 
The  nerm  are  the  iUoinguinal  and  lumboinguinal  branches  of  the  lumbar  plexus,  the  two 
superficial  perineal  branches  of  the  internal  pudendal  nerve,  and  the  pudendal  branch  of  the 
posterior  femoral  cutaneous  nerve. 

The  TngiitTi*!  Canal  {canalis  inguinalia)  is  described  on  page  508. 

The  Spermatic  Cord  {funiadus  spermatieus)  extends  from  the  abdominal 
inguinal  ring,  where  the  structures  of  which  it  is  composed  converge,  to  the  back 
part  of  the  testis.  In  the  abdominal  wall  the  cord  passes  obliquely  along  the 
inguinal  canal,  lying  at  first  beneath  the  Obliquus  internus,  and  upon  the  fascia 
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transversalis;  but  nearer  the  pubis,  it  rests  upon  the  inguinal  and  lacunar  liga- 
ments, having  the  aponeurosis  of  the  Obliquus  externus  in  front  of  it,  and  the 
inguinal  falx  behind  it.  It  then  escapes  at  the  subcutaneous  ring,  and  descends 
neariy  vertically  into  the  scrotum.  The  left  cord  is  rather  longer  than  the  right, 
consequently  the  left  testis  hangs  somewhat  lower  than  its  fellow. 

Structure  of  the  Spermatic  Cord. — The  spermatic  cord  is  composed  of  arteries,  veins,  lymphatics, 
nerves,  and  the  excretory  duct  of  the  testis.  These  structures  are  connected  together  by  areolar 
tissue,  and  invested  by  the  layers  brought  down  by  the  testis  in  its  descent. 

The  arteries  of  the  cord  are:  the  internal  and  external  spermatics;  and  the  artery  to  the  ductus 
deferens. 

The  internal  apermatic  artery,  a  branch  of  the  abdominal  aorta,  escapes  from  the  abdomen 
at  the  abdominal  inguinal  ring,  and  accompanies  the  other  constituents  of  the  spermatic  cord 
along  the  inguinal  canal  and  through  the  subcutaneous  inguinal  ring  into  the  scrotum.  It  then 
descends  to  the  testis,  and,  becoming  tortuous,  divides  into  several  branches,  two  or  three  of 
which  accompany  the  ductus  deferens  and  supply  the  epididymis,  anastomosing  with  the  artery 
of  the  ductus  deferens:  the  others  supply  the  substance  of  the  testis. 

The  external  spermatic  artery  is  a  branch  of  the  inferior  epigastric  artery.  It  accompanies  the 
spermatic  cord  and  suppUes  the  coverings  of  the  cord,  anastomosing  with  the  internal  spermatic 
artery. 

The  artery  of  the  ductus  d^erens,  a  branch  of  the  superior  vesical,  is  a  long,  slender  vessel,  which 
accompanies  the  ductus  deferens,  ramifying  upon  its  coats,  and  anastomosing  with  the  internal 
spermatic  artery  near  the  testis. 

The  spermatie  yeiiui  emerge  from  the  back  of  the  testis,  and  receive  tributaries  from  the  epi- 
didymis: they  unite  and  form  a  convoluted  plexus,  the  plexus  pampinifonnis,  which  forms  the 
chief  mass  of  the  cord;  the  vessels  composing  this  plexus  are  very  numerous,  and  ascend  along 
the  cord  in  front  of  the  ductus  deferens;  below  the  subcutaneous  inguinal  ring  they  unite  to  form 
three  or  four  veins,  which  pass  along  the  inguinal  canal,  and,  entering  the  abdomen  through  the 
abdominal  inguinal  ring,  coalesce  to  form  two  veins.  These  again  imite  to  form  a  single  vein, 
which  opens  on  the  right  side  into  the  inferior  vena  cava,  at  an  acute  angle,  and  on  the  left  side 
into  the  left  renal  vein,  at  a  right  angle. 

The  lymphatic  yessels  are  described  on  page  794. 

The  nerves  are  the  spermatic  plexus  from  the  sympathetic,  joined  by  filaments  from  the  pelvic 
plexus  which  accompany  the  artery  of  the  ductus  deferens. 

Applied  Anatomy. — The  scrotum  forms  an  admirable  covering  for  the  protection  of  the  testes. 
These  bodies,  lying  suspended  and  loose  in  the  cavity  of  the  scrotiun  and  surrounded  by  serous 
membrane,  are  capable  of  great  mobility,  and  can  therefore  easily  slip  about  within  the  scrotum 
and  thus  avoid  injuries  from  blows  or  squeezes.  The  skin  of  the  scrotum  is  very  elastic  and 
capable  of  great  diistension,  and  on  accoimt  of  the  looseness  and  amount  of  subcutaneous  tissue, 
the  scrotiun  becomes  greatly  enlarged  in  cases  of  cedema,  to  which  this  part  is  especially  liable 
as  a  result  of  its  dependent  position.  The  scrotum  is  occasionally  the  seat  of  epithelioma;  this  is 
no  doubt  due  to  the  rugae  on  its  surface,  which  favor  the  lodgement  of  dirt,  and  this,  producing 
irritation,  is  the  exciting  cause  of  the  disease.  The  disease  is  very  much  less  conmion  than  it 
used  to  be;  this  is  probably  due  to  the  better  hygienic  conditions  of  the  working  clajsses.  The 
scrotum  is  also  the  part  most  frequently  affected  by  elephantiasis. 

On  account  of  the  looseness  of  the  subcutaneous  tissue,  large  extravasations  of  blood  may  take 
place  from  very  slight  injuries.  It  is  therefore  generally  recommended  never  to  apply  leeches  to 
the  scrotum,  since  they  may  lead  to  ecchymosis,  but  rather  to  puncture  one  or  more  of  the  super- 
ficial veins  of  the  scrotum  in  cases  where  local  blood-letting  from  this  part  is  judged  to  be  desirable. 
The  muscular  fibre  in  the  dartos  tunic  causes  contraction  and  considerable  diminution  in  the  size 
of  a  wound  of  the  scrotum,,  as  after  the  operation  of  castration,  and  are  of  assistance  in  keeping 
the  edges  together,  and  covering  the  exposed  parts. 

The  Testes  are  suspended  in  the  scrotum  by  the  spermatic  cords,  the  left  testis 
hanging  somewhat  lower  than  its  fellow.  The  average  dimensions  of  the  testis 
are  from  4  to  5  cm.  in  length,  2.5  cm.  in  breadth,  and  3  cm.  in  the  antero-posterior 
diameter;  its  weight  varies  from  10.5  to  14  gm.  Each  testis  is  of  an  oval  form 
(Fig.  1037),  compressed  laterally,  and  having  an  oblique  position  in  the  scrotum; 
the  upper  extremity  is  directed  forward  and  a  little  lateralward;  the  lower, 
backward  and  a  little  medialward;  the  anterior  convex  border  looks  forward  and 
downward,  the  posterior  or  straight  border,  to  which  the  cord  is  attached, 
backward  and  upward. 

The  anterior  border  and  lateral  surfaces,  as  well  as  both  extremities  of  the  organ, 
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;x,  free,  smooth,  and  invested  by  the  visceral  layer  of  the  tunica  vaginalis. 
The  posterior  border,  to  which  the  cord  is  attached,  receives  only  a  partial  invest- 
ment from  that  membrane.  Lying  upon  the  lateral  edge  of  this  posterior  border 
is  a  long,  narrow,  flattened  body,  named  the  epididymis. 

The  epididrnus  consists  of  a  centra!  portion  or  body;  an  upper  enlarged  extremity, 
the  head  (ghbm  major) ;  and  a  lower  pointed  extremity,  the  tail  {globua  minor), 
which  is  continuous  with  the  ductus  deferens,  the  duct  of  the  testia.  The  head 
is  intimately  connected  with  the  upper  end  of  the  testis  by  means  of  the  efferent 
ductules  of  the  gland;  the  tail  is  connected  with  the  lower  end  by  cellular  tissue, 
and  a  reflection  of  the  tunica  vaginalis.  The  lateral  surface,  head  and  tail  of  the 
epididymis  are  free  and  covered  by  the  serous  membrane;  the  body  is  also  com- 
pletely invested  by  it,  excepting  along  its  posterior  border;  while  between  the 
body  and  the  testis  is  a  pouch,  named  the  sinus  o(  the  epididymis  {digital  fossa). 
The  epididymis  is  connected  to  the  back  of  the  testis  by  a  fold  of  the  serous 
membrane. 


ndix  of  epididymis 
Bead  of  epididymis 


Fio,  1037. — The  ri^ht  testiB.  eipoae<i  by  laying  open  the  tunica  vo^oaUo- 

AppendBKes  ot  the  Testis  and  Epididymis.— On  the  upper  extremity  of  the  testis, 
just  beneath  the  head  of  the  epididymis,  is  a  minute  oval,  sessile  body,  the  appendix 
of  the  testis  (hydatid  of  Morgagni) ;  it  is  the  remnant  of  the  upper  end  of  the  Miillerian 
duct.  On  the  head  of  the  epididymis  is  a  second  small  stalked  appendage  (some- 
times duplicated);  it  is  named  the  appendix  of  the  epididymis  (pedunculated  hydatid), 
and  is  usually  regarded  as  a  detached  efferent  duct. 

The  testis  is  invested  by  three  tunics:  the  tunica  vaginalis,  tunica  albuglnea, 
and  tunica  vascolosa. 

The  Tunica  Vaginalis  (tunica  vaginalis  propria  testis)  is  the  serous  covering  of 
the  testis.  It  is  a  pouch  of  serous  membrane,  derived  from  the  saccus  vaginalis 
of  the  peritoneum,  which  in  the  fetus  preceded  the  descent  of  the  testis  from  the 
abdomen  into  the  scrotum.  After  its  descent,  that  portion  of  the  pouch  which 
extends  from  the  abdominal  inguinal  ring  to  near  the  upper  part  of  the  gland 
becomes  obliterated;  the  lower  portion  remains  as  a  shut  sac,  which  invests  the 
surface  of  the  testis,  and  is  reflected  on  to  the  internal  surface  of  the  scrotum; 
hence  it  may  be  described  as  consisting  of  a  visceral  and  parietal  lamina. 

The  visceral  lamina  (laviirta  visceralis)  covers  the  greater  part  of  the  testis  and 
epididymis,  connecting  the  latter  to  the  testis  by  means,  of  a  distinct  fold.    From 
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the  posterior  border  of  the  gland  it  is  reflected  on  to  the  internal  surface  of  the 
scrotum. 

The  parietal  lamina  {lamina  parietalis)  is  far  more  extensive  than  the  visceral, 
extending  upward  for  some  distance  in  front  and  on  the  medial  side  of  the  cord, 
and  reaching  below  the  testis.  The  inner  surface  of  the  tunica  vaginalis  is 
smooth,  and  covered  by  a  layer  of  endothelial  cells.  The  interval  between  the 
visceral  and  parietal  laminae  constitutes  the  cavity  of  the  tunica  vaginalis. 

The  obliterated  portion  of  the  saccus  vaginalis  may  generally  be  seen  as  a  fibro- 
cellular  thread  lying  in  the  loose  areolar  tissue  around  the  spermatic  cord;  some- 
times this  may  be  traced  as  a  distinct  band  from  the  upper  end  of  the  inguinal 
canal,  where  it  is  connected  with  the  peritoneum,  down  to  the  tunica  vaginalis; 
sometimes  it  gradually  becomes  lost  on  the  spermatic  cord.  Occasionally  no  trace 
of  it  can  be  detected.  In  some  cases  it  happens  that  the  pouch  of  peritoneum  does 
not  become  obliterated,  but  the  sac  of  the  peritoneum  conmiunicates  with  the 
tunica  vaginalis.  This  may  give  rise  to  one  of  the  varieties  of  oblique  inguinal 
hernia  (page  1187).  In  other  cases  the  pouch  may  contract,  but  not  become 
entirely  obliterated;  it  then  forms  a  minute  canal  leading  from  the  peritoneum  to 
the  tunica  vaginalis. 

The  Tunica  Albnginea  is  the  fibrous  covering  of  the  testis.  It  is  a  dense  membrane, 
of  a  bluish-white  color,  composed  of  bundles  of  white  fibrous  tissue  which  interlace 
in  every  direction.  It  is  covered  by  the  tunica  vaginalis,  except  at  the  points  of 
attachment  of  the  epididymis  to  the  testis,  and  along  its  posterior  border,  where 
the  spermatic  vessels  enter  the  gland.  It  is  applied  to  the  tunica  vasculosa  over 
the  glandular  substance  of  the  testis,  and,  at  its  posterior  border,  is  reflected 
into  the  interior  of  the  gland,  forming  an  incomplete  vertical  septum,  called  the 
mediastinum  testis  (corpus  Highmori). 

The  mediastinum  testis  extends  from  the  upper  to  near  the  lower  extremity 
of  the  gland,  and  is  wider  above  than  below.  From  its  front  and  sides  numerous 
imperfect  septa  (trabeculcB)  are  given  oflf,  which  radiate  toward  the  surface  of  the 
organ,  and  are  attached  to  the  tunica  albuginea.  They  divide  the  interior  of  the 
organ  into  a  number  of  incomplete  spaces  which  are  somewhat  cone-shaped,  being 
broad  at  their  bases  at  the  surface  of  the  gland,  and  becoming  narrower  as  they 
converge  to  the  mediastinum.  The  mediastinum  supports  the  vessels  and  duct 
of  the  testis  in  their  passage  to  and  from  the  substance  of  the  gland. 

The  Tunica  Vasculosa  is  the  vascular  layer  of  the  testis,  consisting  of  a  plexus 
of  bloodvessels,  held  together  by  delicate  areolar  tissue.  It  clothes  the  inner  sur- 
face of  the  tunica  albuginea  and  the  different  septa  in  the  interior  of  the  gland, 
and  therefore  forms  an  internal  investment  to  all  the  spaces  of  which  the  gland  is 
composed. 

Stmctore. — The  glandular  structure  of  the  testis  consists  of  numerous  lobules.  Their  number, 
in  a  single  testis,  is  estimated  by  Berres  at  250,  and  by  Krause  at  400.  They  differ  in  size 
according  to  their  position,  those  in  the  middle  of  the  gland  being  larger  and  longer.  The 
lobules  (Fig.  1038)  are  conical  in  shape,  the  base  being  directed  toward  the  circumference  of  the 
organ,  the  apex  toward  the  mediastinimi.  Each  lobule  is  contained  in  one  of  the  intervals  between 
the  fibrous  septa  which  extend  between  the  mediastinimi  testis  and  the  tunica  albuginea,  and 
consists  of  from  one  to  three,  or  more,  minute  convoluted  tubes,  the  tabiili  seminiferi.  The 
tubules  may  be  separately  unravelled,  by  careful  dissection  under  water,  and  may  be  seen  to 
commence  either  by  free  cecal  ends  or  by  anastomotic  loops.  They  are  supported  by  loose  con- 
nective tissue  which  contains  here  and  there  groups  of  "interstitial  cells"  containing  yellow 
pigment  granules.  The  total  number  of  tubules  is  estimated  by  Lauth  at  840,  and  the  average 
length  of  each  is  70  to  80  cm.  Their  diameter  varies  from  0.12  to  0.3  mm.  The  tubules  are  pale 
in  color  in  early  life,  but  in  old  age  they  acquire  a  deep  yellow  tinge  from  containing  much  fatty 
matter.  Each  tubule  consists  of  a  basement  layer  formed  of  laminated  connective  tissue  con- 
taining numerous  elastic  fibres  with  flattened  cells  between  the  layers  and  covered  externally  by 
a  layer  of  flattened  epithelioid  cells.  Within  the  basement-membrane  are  epithelial  cells  arranged 
in  several  irregular  layers,  which  are  not  always  clearly  separated,  but  which  may  be  arranged 
in  three  different  groups  (Fig.  1039).    Among  these  cells  may  be  seen  the  spennatOBoa  in  different 
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Btagee  of  developmeat.     (1)  Lining  the  basement  membrane  and  forming  the  outer  zone  is  a 
li^er  of  cubical  cells,  with  small  nuclei;  some  of  these  enlarge  to  become  spMiiutocoiiik.    The 
nucleus  of  some  of  the  spermatogonia  may  be  seen  to  be  in  process  of  indirect  division  (karya- 
kinetet,  page  34),  and  in  consequence  of  this  dau);hter  cells  are  formed,  which  constitute  the  second 
Eone.     <2)  Within  this  first  layer  is  to  be  seen  a  number  of  larger  polyhedral  cells,  with  clear 
nuclei,  arranged  in  two  or  three  layers;  these  are  the  intennedutte  celli  or  apennatocTtes,    Most 
of  these  cells  are  in  a  condition  of  karyokinetic  division, 
and  the  cells  which  result  from  this  division  form  those 
of  the  next  layer,  the  spennatoblutB  or  ipeniutldi. 
(3)  The  third  layer  of  cells  consists  of  the  spermato- 
blasts or  spermatids,  and  each  of  these,  without  further 
subdivision,  becomes  a  Bpennabuoon.    The  spermatids     Xui 
are  small  polyhedral  cells,  the  nucleus  of  each  of  which 
contains   half   the   usual  number  of  chromosomes.    In 
addition  tj3  these  three  layers  of  cells  others  are  seen, 
which  are  termed  the  supportliif  celli  {cells  of  Sertoli). 
They  are  elongated  and  columnar,  and  project  inward 
from  the  basement  membrane  toward  the  lumen  of  the 
tube.    As   development   of   the   spermatozoa  proceeds 
the  latter  group  themselves  around  the  inner  extremi- 
ties of  the  supporting  cells.'    The  nuclear  portion  of 
the  spermatid,  which  is  partly    imbedded  in  the  sup- 
porting cell,  is  difTerentiated  to  form  the  head  of  the 
spermatozoon,  while  part  of  the  cell  protoplasm  forms 
the  middle  piece  and  the  tail  is  produced  by  an  out- 
growth from  the  double  centriole  of  the  cell.    Ultimately 
the  heads  are  liberated  and  the  spermatozoa  are  set 
free.    The  structure  of  the  spermatozoa  is  described  on 
pagee  80,  81. 

In  the  ^>ices  of  the  lobules,  the  tubules  become  less 
convoluted,  assume  a  nearly  straight  course,  and  unite 

together  to  form  from  twenty   to  thirty  larger  ducts,  .....  ,  . 

of  about  0.5  mm.  in  diameter,   and  these,   from  their  lii^ihe  arriSwimnt  o[''il«ducl«!'' ** 

straight  course,  are  called  tnbuU  recti  (Fig.  1038). 

The  tubnll  recti  enter  the  fibrous  tissue  of  the  mediastinum,  and  pass  upward  and  backwsjd, 
forming,  in  their  ascent,  a  close  net-work  of  anastomosing  tubes  which  are  merely  chsjmels  in 
the  fibrous  stroma,  Uned  by  flattened  epithelium,  and  having  no  proper  walls;  this  constitutes  the 
rota  teitia.  At  the  upper  end  of  the  mediastinum,  the  vensels  oE  the  rete  testis  terminate  in  from 
twelve  to  fifteen  or  twenty  ducts,  the  dnctoli  eSerentM;  they  perforate  the  tunica  albuginea, 
and  carry  the  seminal  fluid  from  the  testis  to  the  epididymis.  Their  course  is  at  first  straight; 
they  then  become  enlarged,  and  exceedingly  convoluted,  and  form  a  series  of  conical  massen, 

Spermalocijtf,  Spermatid 


CeU  of  Sertoli 
Spertnakigoniam 


tile  ooni  Tucalosi,  which  together  constitute  the  head  of  the  epididymis.  Each  cone  consists 
of  a  sir^e  convoluted  duct,  from  15  to  20  cm.  in  length,  the  diameter  of  which  gradually  decreases 
from  the  testis  to  the  epididymis.  Opposite  the  bases  of  the  cones  the  efferent  vessels  open  at 
narrow  intervals  into  a  single  duct,  which  constitutes,  by  its  complex  convolutions,  the  body 
and  tail  of  the  epididymis.  When  the  convolutions  of  this  tube  are  uiu-avelled,  it  measures 
upward  of  6  metres  in  length;  it  increases  in  diameter  and  thickness  as  it  approaches  the  ductus 
78 
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deferens.    The  convolutions  are  held  together  by  fine  areolar  tissue,  and  by  bands  of  fibrous 

The  tubuli  recti  have  very  thin  walla;  like  the  channels  of  the  rete  testis  they  are  Uned  by  a 
single  layer  of  flattened  epithelium.  The  ductuli  efferentes  and  the  tube  of  the  epididymis  have 
waits  of  considerable  thickness,  on  account  of  the  presence  in  them  of  musculaf  tissue,  which  is 
principally  arranged  in  a  circular  manner.  Tliese  tubes  are  lined  by  columnar  ciliated  epithe- 
Uum  (Fig.  1040). 

Applied  Anatomy. — The  testis,  developed  in  the  lumbar  region,  may  be  arrested  or  delayed 
in  its  transit  to  the  scrotum.  It  ttiay  be  retained  in  the  abdomen;  or  it  may  be  arrested  at  the 
abdominal  inguinal  ring,  or  in  the  inguinal  canal;  or  it  may  just  pass  out  of  the  subcutaneous 
inguinal  ring  witbouC  finding  its  way  to  the  bottom  of  the  scrotum.  When  retained  in  the  abdo- 
men it  gives  rise  to  no  symptoms,  other  than  the  absence  of  the  testis  from  the  scrotum;  but 
when  it  is  retained  in  the  inguinal  canal  it  is  subjected  to  pressure  and  may  become  inflamed 
and  painful.  The  retained  testis  is  probably  functionally  useleas;  so  that  a  man  in  whom  both 
testes  are  retained  (anorchiam)  is  sterile,  though  he  may  not  be  impotent.  The  absence  of  one 
testis  is  termed  monorchism.  When  a  testis  is  retained  in  the  inguinal  canal  it  is  often  compli- 
cated with  a  congenital  hernia,  the  funicular  process  of  the  peritoneum  not  being  obliterated. 
In  addition  to  the  cases  above  described,  where  there  is  some  arrest  in  the  descent  of  the  testis, 
this  organ  may  descend  through  the  inguinal  canal,  but  may  miss  the  scrotum  and  assume  some 
abnormal  position.  The  most  common  form  is  where  the  testis,  emerging  at  the  subcutaneous 
inguinal  ring,  sUps  down  between  the  scrotum  and  thigh  and  comes  to  rest  in  the  pmneum. 
This  is  known  as  perineal  ectopia  teslU.  With  all  varieties  of  abnormality  in  the  position  of  the 
testis,  it  is  very  common  to  find  concurrently  a  congenital  hernia,  or,  if  a  hernia  be  not  actually 
present,  the  funicular  process  is  usually  patent,  and  almost  invariably  so  if  tbe  testis  is  in  the 
inguinal  canal. 


Fio.  1040, — Section  oj  (pididymie  of  (iiia«-pig.     X  2SS. 

The  testis,  finally  reaching  the  scrotum,  may  occupy  an  abnormal  position  in  it.  It  may  be 
inverted,  so  that^ts  posterior  or  attached  border  is  directed  forward  and  the  tunica  vaginalis  is 
situated  behind.  Should  a  hydrocele  occur,  and  tapping  be  resorted  to,  the  trocar  may  be  thrust 
into  the  testis,  if  the  operation  is  performed  in  the  oniinary  way,  and  care  is  not  taken  beforehand 
to  ascertain  the  position  of  the  gland, 

A  number  of  instances  of  torsion  of  the  spermatic  cord,  resulting  in  acute  strangulation  of  the 
testis,  have  been  recorded.  In  some  it  has  been  attributed  to  a  strain  or  twist,  and  in  several 
patients  the  condition  has  been  associated  with  a  late  descent  of  the  organ.  Symptoms  of  this 
condition  closely  simulate  those  of  a  strangulated  hernia.  In  consequence  of  the  torsion  the 
oirculation  is  partly  arrested  and  the  organ  swells  and  becomes  acutely  painful,  and  the  condition 
may  be  accompanied  with  shock  and  vomiting.  Gangrene  of  the  testis,  however,  rarely  follows, 
and  the  condition,  if  left  without  operation,  ends  in  atrophy  of  the  organ.  Torsion  of  the  body 
of  the  testis  also  sometimes  occurs  within  the  tunica  vaginalis  in  those  cases  in  which  a  persistent 
mesorchium  is  present. 

Fluid  collections  of  a  serous  character  are  very  frequently  found  in  the  scrotum.  To  these  the 
term  hydrocele  is  applied.  The  most  common  form  is  the  ordinary  vaginal  hydrocele,  in  which 
the  fluid  is  contained  in  the  sac  of  the  tunica  vaginalis,  which  is  separated,  in  its  normal  condition, 
from  the  peritoneal  cavity  by  the  whole  extent  of  the  inguinal  canal.  In  another  form,  the 
congeniUd  hydrocele,  the  fluid  is  in  the  sac  of  the  tunica  vaginalis,  but  this  cavity  communicates 
with  the  general  peritoneal  cavity,  its  tubular  process  remaining  pervious.     A  third  variety, 
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known  as  an  infantile  hydrocele^  occurs  in  tbose  cases  where  the  tubular  process  becomes  obliter- 
ated only  at  its  upper  part,  at  or  near  the  abdominal  inguinal  ring.  It  resembles  the  vaginal 
hydrocele,  except  as  regards  its  shape,  the  collection  of  fluid  extending  up  the  cord  into  the  inguinal 
canal.  Foiurthly,  the  funicular  process  may  become  obliterated  both  at  the  abdominal  inguinal 
ring  and  above  the  epididymis,  leaving  a  central  unobliterated  portion,  which  may  become 
distended  with  fluid,  giving  rise  to  a  condition  known  as  the  encysted  hydrocele  of  the  card. 

Encysted  hydrocele  of  the  epididymis  or  spermatocele  is  the  name  given  to  a  cyst  found  in  con- 
nection with  the  head  of  the  epididymis.  Among  its  contents  are  found,  in  many  instances,  a 
varying  number  of  spermatozoa,  and  it  is  probably  a  retention  cyst  of  one  of  the  tubules. 

The  testis  frequently  requires  removal  for  malignant  disease;  in  tuberculous  disease;  in  cases 
of  large  hernia  testis^  and  in  some  instances  of  incompletely  descended  or  misplaced  testes.  The 
operation  of  castration  was  formerly  performed  for  enlargement  of  the  prostate,  but  has  now 
been  entirely  abandoned  in  favor  of  the  direct  operation  of  the  enlarged  prostate.  .  Castration 
is  in  most  cases  best  carried  out  by  the  ''high''  operation,  an  incision  being  made  through  the 
skin  and  fascia  in  the  region  of  the  subcutaneous  inguinal  ring.  The  testis,  with  its  deeper  cover- 
ings, is  then  pushed  up  into  the  wound  and  separated  from  the  scrotal  tissues.  The  cord  is  then 
isolated,  and  an  aneurism  needle,  armed  with  a  ligature,  passed  through  it,  as  high  as  it  is  thought 
necessary,  and  the  cord  tied  and  divided.  In  cases  of  malignant  and  tuberculous  disease,  it  is 
desirable  to  open  the  inguinal  canal  and  tie  the  cord  as  near  the  abdominal  ring  as  possible. 
When  removing  the  testis  in  this  manner  the  tunica  vaginalis  is  not  opened  and  its  folds  of  reflec- 
to  the  scrotal  tissues  do  not  need  division.  The  whole  of  the  tunica  vaginalis  is  thus  removed 
with  the  cord  and  its  coverings. 

Acute  inflammation  of  the  testis,  or  orchitis^  is  common  in  gonorrhoea;  a  chronic  fibrosing 
form  of  orchitis  is  frequent  in  syphilis,  and  leads  to  shrinkage  and  hardening  of  the  testis.  In 
tabes  dorsalis  the  testis  often  becomes  quite  insensitive  to  pressure,  which,  in  the  healthy  adult, 
readily  produces  a  severe  and  peculiar  sickening  sensation. 


The  Ductus  Deferens  (Vas  Deferens;  Seminal  Duct). 

The  ductus  deferens,  the  excretory  duct  of  the  testis,  is  the  continuation  of  the 
canal  of  the  epididymis.  Commencing  at  the  lower  part  of  the  tail  of  the  epididymis 
it  is  at  first  very  tortuous,  but  gradually  becoming  less  twisted  it  ascends  along 
the  posterior  border  of  the  testis  and  medial  side  of  the  epididymis,  and,  as  a  con- 
stituent of  the  spermatic  cord,  traverses  the  inguinal  canal  to  the  abdominal 
inguinal  ring.  Here  it  separates  from  the  other  structures  of  the  cord,  curves 
around  the  lateral  side  of  the  inferior  epigastric  artery,  and  ascends  for  about 
2.5  cm.  in  front  of  the  external  iliac  artery.  It  is  next  directed  backward  and  slightly 
downward,  and,  crossing  the  external  iliac  vessels  obliquely,  enters  the  pelvic 
cavity,  where  it  lies  between  the  peritoneal  membrane  and  the  lateral  wall  of  the 
pelvis,  and  descends  on  the  medial  side  of  the  obliterated  umbilical  artery  and  the 
obturator  nerve  and  vessels.  It  then  crosses  in  front  of  the  ureter,  and,  reaching 
the  medial  side  of  this  tube,  bends  to  form  an  acute  angle,  and  runs  medialward 
^nd  slightly  forward  between  the  fundus  of  the  bladder  and  the  upper  end  of 
the  seminal  vesicle.  Reaching  the  medial  side  of  the  seminal  vesicle,  it  is  directed 
downward  and  medialward  in  contact  with  it,  gradually  approaching  the  opposite 
ductus.  Here  it  lies  between  the  fundus  of  the  bladder  and  the  rectum,  where  it 
is  enclosed,  together  with  the  seminal  vesicle,  in  a  sheath  derived  from  the  recto- 
vesical portion  of  the  fascia  endopelvina.  Lastly,  it  is  directed  downward  to  the 
base  of  the  prostate,  where  it  becomes  greatly  narrowed,  and  is  joined  at  an  acute 
angle  by  the  duct  of  the  seminal  vesicle  to  form  the  ejaculatory  duct,  which  tra- 
verses the  prostate  behind  its  middle  lobe  and  opens  into  the  prostatic  portion 
of  the  urethra,  close  to  the  orifice  of  the  prostatic  utricle.  The  ductus  deferens 
presents  a  hard  and  cord-like  sensation  to  the  fingers,  and  is  of  cylindrical  form;  its 
walls  are  dense,  and  its  canal  is  extremely  small.  At  the  fundus  of  the  bladder 
it  becomes  enlarged  and  tortuous,  and  this  portion  is  termed  the  ampulla.  A  small 
triangular  area  of  the  fundus  of  the  bladder,  between  the  ductus  deferentes  laterally 
and  the  bottom  of  the  rectovesical  excavation  of  peritoneum  above,  is  in  contact 
with  the  rectum. 


/ 
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Dactnli  AbenuiteB. — A  long  narrow  tube,  the  dnctnhu  iibamiis  infarior  (vat  aberrara  of 
Holler),  IB  occaaionally  fouDd  connect«d  with  the  lower  part  of  the  c&n&l  of  the  epididymis,  or 
with  the  commencement  of  the  ductus  deferens.  Ita  length  varies  from  3.5  to  35  cm.,  and  it 
may  became  dilated  toward  its  extremity;  more  commonly  it  retains  the  same  diameter  througfa- 
out.  Its  structure  is  similar  to  that  of  the  ductus  deferens.  Occasionally  it  is  found  unconnected 
with  the  epididymis.  A  second  tube,  the  dttctnltu  kb«Tiuii  >iip«riot,  occurs  in  the  head  of  the 
epididymis;  it  is  connected  with  the  rete  testis. 

Puftdidymis  (organ  of  Gimldia)  .^Thia  term  is  applied  to  a  small  collection  of  convoluted 
tubules,  situated  in  front  of  the  lower  part  of  the  cord  above  the  head  of  the  epididymis.  Theee 
tubes  are  hned  with  columnar  ciliated  epithelium,  and  probably  represent  the  remains  of  a  part 
ot  the  Wolffian  body. 

Stmctora.— The  ductus  deferens  consists  of  three  coats:  (1)  an  extomal  or  umUt  coftt;  (2)  a 
mnsGDlu'  eokt  which  in  the  greater  part  of  the  tube  consists  of  two  layers  of  unstriped  muscular 
fibre:  an  outer,  longitudinal  in  direction,  and  an  inner,  circular;  but  in  addition  to  these,  at  the 
commeD cement  of  the  ductus,  there  is  a  third  layer,  consisting  of  longitudinal  fibres,  placed 
internal  to  the  circular  stratum,  between  it  and  the  mucous  membrane;  (3)  an  iatanutl  or  mncona 
eoftt,  which  is  pale,  and  arranged  in  longitudinal  folds.  The  mucous  coat  is  lined  by  columnar 
epithelium  which  is  non-ciliated  throughout  the  greater  part  of  the  tube;  a  variable  portion  of 
the  testicular  end  of  the  tube  is  lined  by  two  strata  of  columnar  cells  and  the  cells  of  the 
superficial  layer  are  ciliated. 

The  Vflsicnlae  Semiiiales  (Seminal  Vesicales)  (Fig.  1041). 

The  Tegiculae  Mminales  are  two  lobulated  membranous  pouches,  placed  between 
the  fundus  of  the  bladder  and  the  rectum,  serving  as  reservoirs  for  the  semen, 
and  secreting  a  fluid  to  be  added  to  the  secretion  of  the  testes.   Each  sac  is  somewhat 


pyramidal  in  form,  the  broad  end  being  directed  backward,  upward  and  iateraiward. 
It  is  usually  about  7.5  cm.  long,  but  varies  in  size,  not  only  in  different  individuals, 
but  also  in  the  same  individual  on  the  two  sides.  The  anterior  surface  is  in  contact 
with  the  fundus  of  the  bladder,  extending  from  near  the  termination  of  the  ureter 
to  the  base  of  the  prostate.  The  posterior  surface  rests  upon  the  rectum,  from  which 
it  is  separated  by  the  rectovesical  fascia.  The  upper  extremities  of  the  two  vesicles 
diverge  from  each  other,  and  are  in  relation  with  the  ductus  deferentes  and  the 
terminations  of  the  ureters,  and  are  partly  covered  by  peritoneum.     The  lower 
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extremities  are  pointed,  and  converge  toward  the  base  of  the  prostate,  where  each 
joins  with  the  corresponding  ductus  deferens  to  form  the  ejaculatory  duct.  Along 
the  medial  margin  of  each  vesicle  runs  the  ampulla  of  the  ductus  deferens. 

Each  vesicle  consists  of  a  single  tube,  coiled  upon  itself,  and  giving  off  several 
irregular  cecal  diverticula;  the  separate  coils,  as  well  as  the  diverticula,  are  connected 
together  by  fibrous  tissue.  When  uncoiled,  the  tube  is  about  the  diameter  of  a 
quill,  and  varies  in  length  from  10  to  15  cm.;  it  ends  posteriorly  in  a  cul-de-sac; 
its  anterior  extremity  becomes  constricted  into  a  narrow  straight  duct,  which 
joins  with  the  corresponding  ductus  deferens  to  form  the  ejaculatory  duct. 

StmctuTe. — The  vesiculae  seminales  Eire  composed  of  three  coats:  an  extetnal  or  ftreoUi  coAt; 
a  middle  or  muscnUr  C04t  thinner  than  in  the  ductus  deferens  and  arranged  in  two  layers,  an 
outer  longitudbal  and  inner  circular;  an  internal  or  mucous  coat,  which  is  pale,  of  a  whitish 
brown  color,  and  preeenta  a  delicate  reticular  structure.  The  epithelium  is  columnar,  and  in 
the  diverticula  goblet  cells  are  present,  the  secretion  of  which  increases  the  bulk  of  the  seminal 
fluid. 

Tsuela  knd  Nerrsa. — The  uterlM  supplying  the  vesiculae  seminalea  are  derived  from  the 
middle  and  inferior  vesical  and  middle  hemorrhoidal.  The  veins  and  Ijmphfttica  accompany 
the  arteries.    The  nerrei  are  derived  from  the  pelvic  plexuses. 

AppUed  AomMoj. — The  veaiculae  seminalea  are  often  the  seat,  of  an  extension  of  the  disease 
in  cases  of  tuberculosis  of  the  testis,  and  should  always  be  examined  from  the  rectum,  before 
deciding  to  perform  castration  in  this  affection.  They  also  become  affected  in  chronic  posterior 
urethritis  of  gonorrhoeal  origin. 

The  Ejaculatory  Duets  (Dactas  Ejaenlatorii)  (Fig.  1042). 

The  ejaculatory  ducts  are  two  in  number,  one  on  either  side  of  the  middle  line. 
Each  is  formed  by  the  union  of  the  duct  from  the  vesicula  seminalis  with  the  ductus 
deferens,  and  is  about  2  cm.  long. 
They  commence  at  the  base  of 
the  prostate,  and  run  forward 
and  downward  between  its  mid- 
dle and  lateral  lobes,  and  along 
the  sides  of  the  prostatic  utricle, 
to  end"  by  separate  sHt-like  ori- 
fices close  to  or  just  within  the 
margins  of  the  utricle.  The  ducts 
diminish  in  size,  and  also  converge, 
toward  their  terminations. 


atari/ duel 


Structure. — The  coaU  of  the  ejacula- 
tory ducts   are   extremely   thin.    They  uiricle 
are:  an  enter  flbroos  layer,    which  is 
almost  entirely  lost  after  the  entrance 

of  the  ducta  into  the  prostate;  a  iMJtt  Ihra 

of  moBCular  flbies    consiating  of  a  thin 

outer   circular,    and    an   inner  longitu-  F">-  1(M2.— Veaculae  Bsmnales  »nd  mmpulln  of  ductiu  dalM- 

,,      I    ,  ,  i_  antea,  aeen  from  Che  frent.    The  anieriar  walla  of  (he  lelt  smiiulU. 

dmal,  layer;  and  mUCOtU  membruie.  left  Kmirulvsucle.  and  progUtic  urethra  have  biwiioulioay; 

Tbe  Penis. 

The  penis  is  a  pendulous  organ  suspended  from  the  front  and  sides  of  the  pubic 
arch  and  containing  the  greater  part  of  the  urethra.  In  the  fiaccid  condition  it  is 
cylindrical  in  shape,  but  when  erect  assumes  the  form  of  a  triangular  prism  with 
rounded  angles,  one  side  of  the  prism  forming  the  dorsum.  It  is  composed  of 
three  cylindrical  masses  of  cavernous  tissue  bound  together  by  fibrous  tissue  and 
covered  with  skin.  Two  of  the  masses  are  lateral,  and  are  known  as  the  corpora 
caTemosa  penis;  the  third  is  median,  and  is  termed  the  corpus  cavemoaum  urethr&e 
(Figs.  1043,  1044). 


1238  SPLANCHNOLOGY 

The  Corpora  Cavernosa  Penis  form  the  greater  part  of  the  substance  of  the 
penis.  For  their  anterior  three-fourths  they  lie  in  intimate  apposition  with  one 
another,  but  behind  they  diverge  in  the  form  of  two  tapering  processes,  known 
as  the  crura,  which  are  firmly  connected  to  the  rami  of  the  pubic  arch.    Traced 
from  behind  forward,  each  ems  begins  by  a  blunt-pointed  process  in  front  of  the 
tuberosity  of  the  ischium.   Just  before  it  meets  its  fellow  it  presents  a  shght  enlarge- 
ment, named  by  Kobelt  the  bnlb  of  the  corpus  cavenuwnm  penis.    Beyond  this  point 
the  crus  undergoes  a  constriction  and  merges  into  the  corpus  cavernosum  proper, 
which  retains  a  uniform  diameter  to  its 
anterior  end.    Each  corpus  cavernosum 
penis  ends  abruptly  in   a  rounded  ex- 
tremity some  distance  from  the  point  of 
the  penis. 

The  corpora  cavernosa  penis  are  sur- 
rounded by  a  strong  fibrous  envelope 
consisting  of  superficial  and  deep  fibres. 
The  superficial  fibres  are  longitudinal  in 
direction,  and  form  a  single  tube  which 
encloses  both  corpora;  the  deep  fibres  are 
arranged  circularly  around  each  corpus, 
and  form  by  their  junction  in  the  median 
plane  the  septum  of  the  penis.  This  is 
thick  and  complete  behind,  but  is  imper- 
fect in  front,  where  it  consists  of  a  series 
of  vertical  bands  arranged  like  the  teeth 
of  a  comb;  it  is  therefore  named  the  sep- 
tum pectinifomie. 

The  Corpus  CaTemosum  Urethrae 
{corpus  spongiosum)  contains  the  urethra. 


omvarDOflum  untbrae  an  detached  Eram  the  coipora 

CftVQmiMa  pflDIB  and  turood  to  one  aide.  yio    1044 Transverse  oection  of  the  penia. 

Behind,  it  is  expanded  to  form  the  urethral  bulb,  and  lies  in  apposition  with  the 
inferior  fascia  of  the  urogenital  diaphragm,  from  which  it  receives  a  fibrous  invest- 
ment. The  urethra  enters  the  bulb  nearer  to  the  upper  than  to  the  lower  surface. 
On  the  latter  there  is  a  median  sulcus,  from  which  a  thin  fibrous  septum  projects 
into  the  substance  of  the  bulb  and  divides  it  imperfectly  into  two  lateral  lobes  or 
hemispheres. 

The  portion  of  the  corpus  cavernosum  urethrae  in  front  of  the  bulb  lies  in  a 
groove  on  the  under  surface  of  the  conjoined  corpora  cavernosa  penis.  It  is  cylin- 
drical in  form  and  tapers'  slightly  from  behind  forward.  Its  anterior  end  is  expanded 
in  the  form  of  an  obtuse  cone,  flattened  from  above  downward.  This  expansion, 
termed  the  gluis  penis,  is  moulded  on  the  rounded  ends  of  the  corpora  ca\'emosa 
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penis,  extending  farther  on  their  upper  than  on  their  lower  surfaces.  At  the  summit 
of  the  glans  is  the  slit-like  vertical  external  urethral  orifice.  The  circumference 
of  the  base  of  the  glans  forms  a  rounded  projecting  border,  the  corona  glandis, 
overhanging  a  deep  retroglandular  sulcus,  behind  which  is  the  neck  of  the  penis. 

For  descriptive  purposes  it  is  convenient  to  divide  the  penis  into  three  regions: 
the  root,  the  body,  and  the  extremity. 

The  root  {radix  penis)  of  the  penis  is  triradiate  in  form,  consisting  of  the 
diverging  crura,  one  on  either  side,  and  the  median  urethral  bulb.  Each  crus 
is  covered  by  the  Ischiocavernosus,  while  the  bulb  is  surrounded  by  the  Bulbo- 
cavernosus.  The  root  of  the  penis  lies  in  the  perineum  between  the  inferior  fascia 
of  the  urogenital  diaphragm  and  the  fascia  of  Colles.  In  addition  to  being  attached 
to  the  fasciae  and  the  pubic  rami,  it  is  bound  to  the  front  of  the  symphysis  pubis 
by  the  fundiform  and  suspensory  ligaments.  The  fnndiform  ligament  springs  from 
the  front  of  the  sheath  of  the  Rectus  abdominis  and  the  linea  alba;  it  splits  into  two 
,  fasciculi  which  encircle  the  root  of  the  penis.  The  upper  fibres  of  the  suspensory 
ligament  pass  downward  from  the  lower  end  of  the  linea  alba,  and  the  lower  fibres 
from  the  symphysis  pubis;  together  they  form  a  strong  fibrous  band,  which  extends 
to  the  upper  surface  of  the  root,  where  it  blends  with  the  fascial  sheath  of  the  organ. 

The  body  {corpus  penis)  extends  from  the  root  to  the  ends  of  the  corpora  caver- 
nosa penis,  and  in  it  these  corpora  cavernosa  are  intimately  bound  to  one  another. 
A  shallow  groove  which  marks  their  junction  on  the  upper  surface  lodges  the 
deep  dorsal  vein  of  the  penis,  while  a  deeper  and  wider  groove  between  them 
on  the  under  surface  contains  the  corpus  cavemosum  urethrae.  The  body  is 
ensheathed  by  fascia,  which  is  continuous  above  with  the  fascia  of  Scarpa,  and 
below  with  the  dartos  tunic  of  the  scrotum  and  the  fascia  of  Colles. 

The  extremity  is  formed  by  the  glans  penis,  the  expanded  anterior  end  of  the 
corpus  cavernosum  urethrae.  It  is  separated  from  the  body  by  the  constricted 
neck,  which  is  overhung  by  the  corona  glandis. 

The  integument  covering  the  penis  is  remarkable  for  its  thinness,  its  dark  color, 
its  looseness  of  connection  with  the  deeper  parts  of  the  organ,  and  its  absence  of 
adipose  tissue.  At  the  root  of  the  penis  it  is  continuous  with  that  over  the  pubes, 
scrotum,  and  perineum.  At  the  neck  it  leaves  the  surface  and  becomes  folded 
upon  itself  to  form  the  prepuce  or  foreskin.  The  internal  layer  of  the  prepuce  is 
directly  continuous,  along  the  line  of  the  neck,  with  the  integument  over  the  glans. 
Immediately  behind  the  external  urethral  orifice  it  forms  a  small  secondary  redu- 
plication, attached  along  the  bottom  of  a  depressed  median  raph6,  which  extends 
from  the  meatus  to  the  neck;  this  fold  is  termed  the  frenulum  of  the  prepuce.  The 
integument  covering  the  glans  is  continuous  with  the  urethral  mucous  membrane 
at  the  orifice;  it  is  devoid  of  hairs,  but  projecting  from  its  free  surface  are  a  number 
of  small,  highly  sensitive  papillse.  On  the  corona  and  neck  numerous  small  glands, 
the  preputial  glands,  have  been  described.^  They  secrete  a  sebaceous  material 
of  very  peculiar  odor,  which  probably  contains  casein, 'and  readily  undergoes 
decomposition. 

The  prepuce  covers  a  variable  amount  of  the  glans,  and  is  separated  from  it 
by  a  potential  sac — the  preputial  sac — which  presents  two  shallow  fossae,  one  on 
either  side  of  the  frenulum. 

Stmctore  of  the  Penis. — From  the  internal  surface  of  the  fibrous  envelope  of  the  corpora 
cavernosa  penis,  as  well  as  from  the  sides  of  the  septum,  numerous  bands  or  cords  are  given  off, 
which  cross  the  interior  of  these  corpora  cavernosa  in  all  directions,  subdividing  them  into  a 
number  of  separate  compartments,  and  giving  the  entire  structure  a  spongy  appearance  (Fig. 
1044).  These  bands  and  cords  are  called  trabecolas,  and  consist  of  white  fibrous  tissue,  elastic 
fibres,  and  plain  muscular  fibres.  In  them  are  contained  numerous  arteries  and  nerves.  The 
component  fibres  which  form  the  trabeculse  are  larger  and  stronger  around  the  circumference  than 

*  Stieda  (Comptes-rendua  du  XII  Consr^s  International  de  Medicine.  Moscow,  1897)  asserts  that  glands  are  never 
found  on  the  corona  glandis,  and  that  what  have  hitherto  been  mistaken  for  glands  are  renlly  large  papillse. 
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at  the  centres  of  the  corpora  pavemosa;  they  are  also  thicker  behind  than  in  front.  The  inter- 
Bpacea  (cavemoua  spaces),  on  the  contrary,  are  larger  at  the  centre  than  at  the  circumfereuce, 
their  long  diameters  being  directed  transversdy.  They  are  filled  with  blood,  and  are  lined  by  a 
layer  of  flattened  ceils  similar  to  the  endothelial  lining  of  veins. 

The  fibrous  envelope  of  the  corpus  cavemosum  urethrae  is  thinner,  whiter  in  color,  and  more 
elastic  than  that  of  the  corpora  cavemoea  penis.  The  trabecule  are  more  deUcate,  nearly  uniform 
in  siEe,  and  the  meshes  between  them  smaller  than  in  the  corpora  cavernosa  penis:  their  long 
diameters,  for  the  most  part,  corresponding  with  that  of  the  penis.  The  external  envelope  or 
outer  coat  of  the  corpus  cavemosum  urethrae  is  formed  partly  of  unstriped  muscular  fibres,  and 
a  layer  of  the  same  tissue  immediately  surrounds  the  canal  of  the  urethra. 

V«sBaIs  ftnd  Notres. — The  uteiies  bringing  the  blood  to  the  cavernous  spaces  are  the  de^ 
arteries  of  the  penis  and  branches  from  the  dorsal  arteries  of  the  penis,  which  perforate  the  fibrous 
c^>sule,  along  the  upper  surface,  especially  near  the  forepart  of  the  organ.     On  entering  the 
cavernous  structure  the  arteries  divide  into  branches,  which  are  supported  and  enclosed  by  the 
trabecula.   Some  of  these  arteriea  end  in  a  capillary  net-work,  the  branches  of  which  open  directly 
into  the  cavernous  spaces;  others  as- 
sume   a    tendril-like    appearance,    and 
form  convoluted  and  somewhat  dilated 
vessels,  which  were   named  by   MUller 
heUdne  4rt«riu.    They  open  into  the 
spaces,  and  from  them  are  also  given  off 
small  capillary  branches  to  supply  the 
trabecular  structure.    They  are  bound 
down  in  the  spaces  by  fine  fibrous  pro- 
cesses, and  are  most  abundant  in  the 
back    part  of    the    corpora   cavernosa 
(Fig.  1015). 

The  blood  from  the  cavemoua  spaces 
is  returned  by  a  series  of  vessels,  some 
of  which  emerge  in  consider^le  num- 
bers from  the  base  of  the  glans  penis 
and  converge  on  the  dorsum  of  the 
organ  to  form  the  deep  dorsal  vein; 
others  pass  out  on  the  upper  surface  of 
the  corpora  cavernosa  and  join  the  same 
vein ;  some  emerge  from  the  under  sur- 
face of  the  corpora  cavernosa  penis  and 
receiving  branches  from  the  corpus  cav- 
urcthrac,  wind  around  the  sides 


tended  condition.    JCadiai)     a.  Trsbocuto  oFconneoiivs  tuaue.      of  the   penis  to  end  in   the  deep    dorsal 

'^at^ul^^ i^artc^ lch''f'%,\l,i^'^''''^"  """*'  ^ein;  but  the  greater  number  pass  out 
at  the  root  of  the  penis  and  join  the 
prostatic  plexus. 

The  IrmphatiG  vOHflli  of  the  penis  are  described  on  page  794. 

The  nerroB  are  derived  from  the  pudendal  nerve  and  the  pelvic  plexuses.  On  the  glans  and 
bulb  some  filaments  of  the  cutaneous  nerves  have  Pacinian  bodies  connected  with  them,  and, 
according  to  Krause,  many  of  them  end  in  pecuhar  end-bulbs  (see  page  1069). 

Applied  Anfttomy. — The  penis  occasionally  requires  removal  for  malignant  disease.  Usually, 
removal  of  the  antcscrotal  portion  is  all  that  is  necessary,  but  sometimes  it  is  requisite  to  remove 
the  whole  organ  from  its  attachment  I^  the  rami  of  the  pubes  and  ischia.  The  former  operation 
is  performed  by  cutting  through  the  corpora  cavernosa  penis  from  the  dorsum,  and  then  separ- 
ating the  corpus  cavemosum  urethrae  from  them,  dividing  it  at  a  level  nearer  the  glans  penis. 
The  mucous  membrane  of  the  urethra  is  then  slit  up,  and  the  edges  of  the  flap  attached  to  the 
external  skin,  in  order  to  prevent  contraction  of  the  orifice,  which  tn^ht  otherwise  take  place. 
The  vessels  which  require  ligature  are  the  deep  and  the  dorsal  arteries  of  the  penis,  and  the  artery 
of  the  septum.  When  the  entire  organ  requires  removal,  the  patient  is  placed  in  the  lithotomy 
position,  and  an  incision  ia  made  through  the  akin  and  subcutaneous  tissue  around  the  root  of 
the  penis,  and  carried  down  through  the  median  line  of  the  scrotum  as  far  as  the  perineum.  The 
two  halves  of  the  scrotum  are  then  separated  from  each  other,  and  a  catheter  having  been  intro- 
duced into  the  bladder  as  a  guide,  the  corpus  cavemosum  urethrae  below  the  urogenital  diaphragm 
is  separated  from  the  corpora  cavernosa  penis  and  divided,  the  catheter  having  been  withdrawn. 
The  suspensory  ligament  is  now  severed  and  the  crura  separated  from  the  bone  with  a  perios- 
teum scraper,  and  the  whole  penis  removed.  The  membranous  portion  of  the  urethra,  which 
has  not  been  removed,  is  now  to  be  attached  to  the  skin  at  the  posterior  extremity  of  the  incision 
in  the  perineum.    The  remainder  of  the  wound  is  closed,  free  drainage  being  provided  for. 
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■ 

The  Prostate  (Prostata;  Prostate  Oland). 

The  prostate  is  a  firm,  partly  glandular  and  partly  muscular  body,  which  is 
placed  immediately  below  the  internal  urethral  orifice  and  around  the  commence- 
ment of  the  urethra.  It  is  situated  in  the  pelvic  cavity,  below  the  lower  part 
of  the  symphysis  pubis,  above  the  superior  fascia, of  the  urogenital  diaphragm, 
and  in  front  of  the  rectum,  through  which  it  may  be  distinctly  felt,  especially 
when  enlarged.  It  is  about  the  size  of  a  chestnut  and  somewhat  conical  in  shape, 
and  presents  for  examination  a  base,  an  apex,  an  anterior,  a  posterior,  and  two 
lateral  surfaces. 

The  base  (basis  prostatae)  is  directed  upward,  and  is  applied  to  the  inferior 
surface  of  the  bladder,  The  greater  part  of  this  surface  is  directly  continuous 
with  the  bladder  wall;  the  urethra  penetrates  it  nearer  its  anterior  than  its 
posterior  border. 

The  apex  (apex  prostatae)  is  directed  downward,  and  is  in  contact  with  the 
superior  fascia  of  the  urogenital  diaphragm. 

Surfaces. — The  posterior  surface  (fades  posterior)  is  flattened  from  side  to  side 
and  slightly  convex  from  above  downward;  it  is  separated  from  the  rectum  by  its 
sheath  and  some  loose  connective  tissue,  and  is  distant  about  4  cm.  from  the  anus. 
Near  its  upper  border  there  is  a  depression  through  which  the  two  ejaculatory 
ducts  enter  the  prostate.  This  depression  serves  to  divide  the  posterior  surface 
into  a  lower  larger  and  an  upper  smaller  part.  The  upper  smaller  part  constitutes 
the  middle  lobe  of  the  prostate  and  intervenes  between  the  ejaculatory  ducts  and 
the  urethra;  it  varies  greatly  in  size,  and  in  some  cases  is  destitute  of  glandular  tissue. 
The  lower  larger  portion  sometimes  presents  a  shallow  median  furrow,  which 
imperfectly  separates  it  into  a  right  and  a  left  lateral  lobe:  these  form  the  main 
mass  of  the  gland  and  are  directly  continuous  with  each  other  behind  the  urethra. 
In  front  of  the  urethra  they  are  connected  by  a  band  which  is  named  the  isthmus : 
this  consists  of  the  same  tissues  as  the  capsule  and  is  devoid  of  glandular  substance. 

The  anterior  surface  (fades  anterior)  measures  about  2.5  cm.  from  above  downward 
but  is  narrow  and  convex  from  side  to  side.  It  is  placed  about  2  cm.  behind  the 
pubic  symphysis,  from  which  it  is  separated  by  a  plexus  of  veins  and  a  quantity 
of  loose  fat.  It  is  connected  to  the  pubic  bone  on  either  side  by  the  puboprostatic 
ligaments.  The  urethra  emerges  from  this  surface  a  little  above  and  in  front  of  the 
apex  of  the  gland. 

The  lateral  surfaces  are  prominent,  and  are  covered  by  the  anterior  portions  of 
the  Levatores  ani,  which  are,  however,  separated  from  the  gland  by  a  plexus 
of  veins. 

The  prostate  measures  about  4  cm.  transversely  at  the  base,  2  cm.  in  its  antero- 
posterior diameter,  and  3  cm.  in  its  vertical  diameter.  Its  weight  is  about  8  gm. 
It  is  held  in  its  position  by  the  puboprostatic  ligaments;  by  the  superior  fascia  of 
the  urogenital  diaphragm,  which  invests  the  prostate  and  the  commencement 
of  the  membranous  portion  of  the  urethra;  and  by  the  anterior  portions  of  the 
Levatores  ani,  which  pass  backward  from  the  pubis  and  embrace  the  sides  of 
the  prostate.  These  portions  of  the  Levatores  ani,  from  the  support  they  afford 
to  the  prostate,  are  named  the  Levatores  prostatae. 

The  prostate  is  perforated  by  the  urethra  and  the  ejaculatory  ducts.  The 
urethra  usually  lies  along  the  junction  of  its  anterior  with  its  middle  third.  The 
ejaculatory  ducts  pass  obliquely  downward  and  forward  through  the  posterior 
part  of  the  prostate,  and  open  into  the  prostatic  portion  of  the  urethra. 

Structure  (Fig.  1046). — The  prostate  is  immediately  enveloped  by  a  thin  but  firm  fibrous 
capsule,  distinct  from  that  derived  from  the  fascia  endopelvina,  and  separated  from  it  by  a  plexus 
of  veins.  This  capsule  is  firmly  adherent  to  the  prostate  and  is  structurally  continuous  with 
the  stroma  of  the  gland,  being  composed  of  the  same  tissues,  viz.:  non-striped  muscle  and  fibrous 
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tissue.    The  substance  of  the  prostate  ia  of  a  pale  reddish-gray  color,  of  great  dcTieity,  and  not 
easily  torn.    It  consists  of  glandular  substance  and  muscular  tissue. 

The  miuGiilu  tiiBiifl  according  to  Kdlliker,  constitutes  the  proper  stroma  of  the  prostate; 
the  connective  tissue  being  very  scanty,  and  simply  forming  between  the  muscular  fibres,  thin 
trabeculfe,  in  which  the  vessels  and  nerves  of  the  gland  ramify.  The  muscular  tissue  is  arranged 
as  follows:  immediately  beneath  the  fibrous  capsule  is  a  dense  layer,  which  forms  an  investing 
sheath  for  the  gland;  secondly,  around  the  urethra,  as  it  lies  in  the  prostate,  is  another  dense 
layer  of  circular  fibres,  continuous  above  with  the  internal  layer  of  the  muscular  coat  of  the 
bladder,  and  blending  below  with  the  fibres  surrounding  the  membranous  portion  of  the  urethra. 
Between  these  two  layers  strong  bands  of  muscular  tissue,  which  decussate  freely,  form  meshes 
in  which  the  glandular  structure  of  the  organ  is  imbedded.  In  that  part  of  the  gland  which  is 
situated  in  front  of  the  urethra  the  muscular  tissue  is  especially  dense,  and  there  is  here  little  or 
no  gland  tissue;  while  in  that  part  which  is  behind  the  urethra  the  muscular  tissue  presents  a 
wide-meshed  structure,  which  is  densest  at  the  base  of  the  gland — that  is,  near  the  bladder — 
becoming  looser  and  more  sponge-like  toward  the  apex  of  the  organ. 


□metesn  ynre.    rTnylor.)    a.  Langitudinal  i 

CTMt.    c.  Prootntit  utricle,    d.  U™thra.    t.  _, _. .. 

prcsUd.    E.  Nerve  truoKsin  Hheath.    h.  Paiatototigin  of  fibromuwular  baadi  eni^ircUiui  urethra,    i.  Zone  of  Btrittled 

The  flandnlax  ■iU>Btaiiea  is  composed  of  numerous  follicular  pouches  the  lining  of  which  fre- 
quently shows  papillary  elevations.  The  folllclas  open  into  elongated  canals,  which  join  to  form 
from  twelve  to  twenty  small  excretory  ducts.  They  are  connected  together  by  areolar  tissue, 
supported  by  prolongations  frou  the  fibrous  capsule  and  muscular  stroma,  and  enclosed  in  & 
ddicata  capillary  plexus.  The  epithelium  which  lines  the  canals  and  tie  terminal  vesicles  is  of 
the  columnar  variety.  The  prostatic  ducts  open  into  the  floor  of  the  prostatic  portion  of  the 
urethra,  and  arc  lined  by  two  layers  of  epithelium,  the  inner  layer  consisting  of  columnar  and 
the  outer  of  small  cubical  cells.  Small  colloid  masses,  known  as  uujloid  bodies  are  often  found 
in  the  gland  tubes, 

T«u«la  uid  Nerrea. — The  uteitos  supplying  the  prostate  are  derived  from  the  internal 
pudendal,  inferior  vesical,  and  middle  hemorrhoidal.  Its  veins  form  a  plexus  around  the  sides 
and  base  of  the  gland;  they  receive  in  front  the  dorsal  vein  of  the  penis,  and  end  in  the  hypogastric 
veins.    The  nerrea  are  derived  from  the  pelvic  plexus. 

Api^iad  Anatomy.^By  means  of  the  finger  introduced  into  the  rectum,  the  surgeon  detects 
enlargement  or  other  disease  of  the  prostate;  he  can  feel  the  apex  of  the  gland,  which  is  the  guide 
to  Cock's  operation  for  stricture;  he  is  enabled  also  by  the  same  means  to  direct  (he  point  of  a 
catheter,  when  its  introduction  is  attended  with  difficulty  either  from  injury  or  disease  of  the 
membranous  or  prostatic  portions  of  the  urethra.  When  ihe  finger  is  introduced  into  the  bowet 
the  surgeon  may,  in  some  cases,  especially  in  boys,  learn  the  position,  as  well  as  the  size,  of  a 
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calculus  in  the  bladder;  and  in  the  operation  for  its  removal,  if ,  as  is  not  infrequently  the  case, 
it  should  be  lodged  behind  an  enlarged  prostate,  it  may  be  displaced  from  its  position  by  pressing 
upward  the  fundus  of  the  bladder  from  the  rectiun.  The  prostate  is  occasionally  the  seat  of  sup- 
puration, due  to  either  gonorrhea  or  tuberculous  disease.  The  gland  is  enveloped  in  a  dense, 
unyielding  capsule,  which  determines  the  course  of  the  abscess,  and  also  explains  the  great  pain 
which  is  present  in  the  acute  form  of  the  disease.  The  abscess  most  frequently  bursts  into  the 
urethra,  the  direction  in  which  there  is  least  resistance,  but  may  burst  into  the  rectum,  or  more 
rarely  in  the  perineum.  In  advanced  life  the  prostate  sometimes  becomes  considerably  enlarged 
and  projects  into  the  bladder  so  as  to  impede  the  passage  of  the  iu*ine.  According  to  Messer's 
researches,  conducted  at  Greenwich  Hospital,  it  would  seem  that  such  obstruction  exists  in  20 
per  cent,  of  all  men  over  sixty  years  of  age.  In  some  cases  the  condition  affects  principally  the 
lateral  lobes,  which  may  undergo  considerable  enlargement  without  causing  much  inconvenience. 
In  other  cases  it  would  seem  that  the  middle  lobe  enlarges  most,  and  even  a  small  enlargement 
of  this  lobe  may  act  injuriously,  by  forming  a  sort  of  valve  over  the  internal  urethral  orifice, 
preventing  the  passage  of  the  urine;  and  the  more  the  patient  strains,  the  more  completely  will 
it  block  the  opening  into  the  urethra.  In  consequence  of  the  enlargement  of  the  prostate,  a 
pouch  is  formed  at  the  base  of  the  bladder  behind  the  projection,  in  which  urine  collects,  and 
from  which  it  cannot  be  entirely  expelled.  For  this  condition  prostatectomy  is  sometimes  done. 
The  bladder  is  opened  by  an  incision  above  the  symphysis  pubis,  the  mucous  membrane  of  the 
post-prostatic  pouch  is  scratched  through,  and  the  finger  is  then  introduced  into  the  space  between 
the  true  capsule  of  the  prostate  and  outer  capsule  formed  by  the  fascia  endopelvina.  Separation 
in  this  plane  is  then  carried  out  below  and  laterally  until  the  apex  of  the  gland  is  reached.  The 
whole  of  the  work  is  done  with  the  finger,  which  is  gradually  swept  around  the  sides  until  the 
anterior  surface  is  reached  and  freed.  The  gland  is  then,  by  traction,  displaced  into  the  bladder 
and  removed,  usually  carrying  with  it  the  greater  portion  of  the  mucous  membrane  of  the  pros- 
tatic urethra.  Hemorrhage,  which  may  be  considerable  at  times,  is  checked  by  hot  irrigations, 
and  the  bladder  is  temporarily  drained.  Very  satisfactory  results  have  followed  this  operation. 
The  prostate  can  be  reached  from  the  perineum,  and  in  some  cases  the  enlarged  gland  has 
been  removed  by  this  route,  but  the  perineal  approach  is  not  usually  employed  except  in  the 
case  of  abscess  of  or  about  the  gland. 

The  Bulbourethral  Glands  (Olandulae  Bulbourethrales ;  Cowper's  Glands). 

The  bulbourethral  glands  are  two  small,  rounded,  and  somewhat  Ipbulated  bodies, 
of  a  yellow  color,  about  the  size  of  peas,  placed  behind  and  lateral  to  the  membran- 
ous portion  of  the  urethra,  between  the  two  layers  of  the  fascia  of  the  urogenital 
diaphragm.  They  lie  close  above  the  bulb,  and  are  enclosed  by  the  transverse  fibres 
of  the  Sphincter  urethrae  membranaceae.  Their  existence  is  said  to  be  constant: 
they  gradually  diminish  in  size  as  age  advances. 

The  excretory  duct  of  each  gland,  nearly  2.5  cm.  long,  passes  obliquely  forward 
beneath  the  mucous  membrane,  and  opens  by  a  minute  orifice  on  the  floor  of  the 
cavernous  portion  of  the  urethra  about  2.5  cm.  in  front  of  the  urogenital  diaphragm. 

Stmetiire. — ^Each  gland  is  made  up  of  several  lobules,  held  together  by  a  fibrous  investment. 
Each  lobule  consists  of  a  number  of  acini,  lined  by  columnar  epithelial  cells,  opening  into  one 
duct,  which  joins  with  the  ducts  of  other  lobules  outside  the  gland  to  form  the  single  excretory 
duct. 

THE  FEMALE  GENITAL  ORGANS  (ORG  AN  A  GENITALIA  MUUEBRU). 

The  female  genital  organs  consist  of  an  internal  and  an  external  group.  The 
internal  organs  are  situated  within  the  pelvis,  and  consist  of  the  ovaries,  the  uterine 
tabes,  the  utems,  and  the  vagina.  The  eztemid  organs  are  placed  below  the  urogenital 
diaphragm  and  below  and  in  front  of  the  pubic  arch.  They  comprise  the  mons 
pubis,  the  labia  majora  et  minora  pudendi,  the  clitoris,  the  bnlbus  vestibuli,  and  the 
greater  vestibular  glands. 

The  Ovaries  (Ovaria). 

The  ovaries  are  homologous  with  the  testes  in  the  male.  They  are  two  nodular 
bodies,  situated  one  on  either  side  of  the  uterus  in  relation  to  the  lateral  wall  of 
the  pelvis,  and  attached  to  the  back  of  the  broad  ligament  of  the  uterus,  behind 
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and  below  the  uterine  tubes  {Fig.  1047).  The  ovaries  are  of  a  grayish-pink  color, 
and  present  either  a  smooth  or  a  puckered  uneven  surface.  They  are  each  about 
4  cm.  in  length,  2  cm.  in  width,  and  about  8  mm.  in  thickness,  and  weigh  from  2 
t^  3.5  gm.  Each  ovary  presents  a  lateral  and  a  medial  surface,  an  upper  or  tubal 
and  a  lower  or  uterine  extremity,  and  an  anterior  or  mesovarion  and  a  posterior 
free  border.  It  lies  in  a  shallow  depression,  named  the  orarian  tossa,  on  the  lateral 
wall  of  the  pelvis;  this  fossa  is  bounded  above  by  the  external  iliac  vessels,  in  front 
by  the  obliterated  umbilical  artery,  and  behind  by  the  ureter.  The  exact  position 
of  the  ovary  has  been  the  subject  of  considerable  difference  of  opinion,  and  the 
description  here  given  applies  to  the  ovary  of  the  nulliparous  woman.  The  ovary 
becomes  displaced  during  the  first  pregnancy,  and  probably  never  again  returns 
to  its  original  position.  In  the  erect  posture  the  long  axis  of  the  ovary  is  vertical. 
The  tiAal  extremity  is  near  the  external  iliac  vein;  to  it  is  attached  the  ovarian 
fimbria  of  the  uterine  tube  and  a  fold  of  peritoneum,  the  suspensory  ligament  of 
the  OVMT.  which  is  directed  upward  over  the  iliac  vessels  and  contains  the  ovarian 

fpaOpAoron 


Fio.  1047.— Ulerui  and  rigKt  broad  liimneDt,  seen  trom  behind.    The  broad  ligament  hu  been  apntA  out  and  (he 
ovaiy  drawn  downward. 

vessels.  The  vterine  end  is  directed  downward  toward  the  pelvic  floor,  it  is  usually ' 
narrower  than  the  tubal,  and  is  attached  to  the  lateral  angle  of  the  uterus,  immedi- 
ately behind  the  uterine  tube,  by  a  rounded  cord  termed  the  ligament  of  the  otut, 
which  lies  within  the  broad  ligament  and  contains  some  non-striped  muscular 
fibres.  The  lateral  surface  is  in  contact  with  the  parietal  peritoneum,  which  lines 
the  ovarian  fossa;  the  medial  surface  is  to  a  large  extent  covered  by  the  fimbriated 
extremity  of  the  uterine  tube.  The  Tnesomrian  border  is  straight  and  is  directed 
toward  the  obliterated  umbilical  artery,  and  is  attached  to  the  back  of  the  broad 
ligament  by  a  short  fold  named  the  mesoTarium.  Between  the  two  layers  of  this 
fold  the  bloodvessels  and  nerves  pass  to  reach  the  hilus  of  the  ovary.  The  free 
border  is  convex,  and  is  directed  toward  the  ureter.  The  uterine  tube  arches  over 
the  ovary,  running  upward  in  relation  to  its  mesovarian  border,  then  curving  over 
its  tubal  pole,  and  finally  passing  downward  on  its  free  border  and  medial  surface. 
EpoSphoron  (parovarium;  organ  of  Rosenmvller)  (Figs.  1047,  1048).  —  The 
epoophoron  lies  in  the  mesosalpinx  between  the  ovary  and  the  uterine  tube,  and 
consists  of  a  few  short  tubules  (ductuli  tranaversi)  which  converge  toward  the  ovary 
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while  their  opposite  ends  open  into  a  rudimentary  duct,  the  ductus  loncitndinalis 
epoSphori  {dvct  of  Gartner) . 

FftTOophonm. — The  paroophoron  consists  of  a  few  scattered  rudimentarj' 
tubules,  best  seen  in  the  child,  situated  in  the  broad  ligament  between  the  epo- 
ophoron  and  the  uterus. 


Flo.  1048.— Adutt  ovuy.  apoepboron,  sad  ulcrioe  tube.  (From  Pure.  mlMr  Knbalt.)  a.  a.  EpoOphorOD  lormsd 
fromtbauppHpartailke  Wolffian  body.  t.  Renuini  of  the  uppermogt  tubes  vnDetimei  forming  hydaudi.  r.  Middle 
■M  at  tubee.  a.  Some  lower  ■trophied  tube*,  r.  Atrophied  remuiu  of  the  Wolffiui  duct.  /.  T'he  terminal  bulb  or 
bydmtid.    h.  The  uterine  tube,    t.  Hydatid  attached  to  the  eitremity,    I.  The  ovary. 

The  ductuli  transversi  of  the  epoophoron  and  the  tubules  of  the  paroophoron 
are  remnants  of  the  tubules  of  the  Wolffian  body  or  mesonephros;  the  ductus 
longitudinal  is  epoophori  is  a  persistent  portion  of  the  Wolffian  duct. 

In  the  fetus,  the  ovaries  are  situated,  like  the  testes,  in  the  lumbar  region,  near 
the  kidneys,  but  they  gradually  descend  into  the  pelvis  (page  187). 

Btnichm  (Fig.  1049).— The  aurface  of  the  ovary  ia  covered  by  a  layer  of  colunmar  cella  which 
cooBtitutea  the  CBrmiiul  epitheUum  ot  Waldorer.  This  epithelium  gives  to  the  ovary  a  dull 
gray  color  as  compared  with  the  ahining 
smoothness  of  the  peritonoum;  and  the 
transition  between  the  equamoua  epithehum 
of  the  peritoneum  and  the  columnar  ceLle 
which  cover  the  ovary  is  usually  marked 
by  a  line  around  the  anterior  border  of  the 
ovary.  The  ovary  consista  of  a  number  of 
vesicular  ovarian  faliiclea  imbedded  in  the 
meahea  of  a  stroma  or  frame-work. 

The  itroma  is  a  peculiar  aoft  tissue,  abun-  [ 

dantly  supplied  with  bloodvessels,  consist- 
ing for  the  most  part  of  spindle-shaped  cells 
with  a  email  amount  of  ordinary  connective 
tissue.  These  cells  have  been  regarded  by 
some  anatomists  ss  unstriped  muscle  cells, 
which,  indeed,  they  most  resemble;  by 
others   as   connective-tissue    cells.     On   the 

surface  of    the    organ    this    tissue    is    much  p,^    iMO.-SecUon   of  the   ovary.    (After   Schrtn.)     1. 

condensed,  and  forms    a   layer  (tnniCA  ftlbn-      Out«  oovariog.     r.  Attached   border.    2.  Central  Itroma. 

flnM)  composed  of   short  cottnective-tisaue     ?„ ^"^'(^TSS.  V^','8!^M^''i«ivkq^^''fomo'«'"'^9 

fibres,    with    fusiform    cells    betwe«n    them.      An  almoet  naturefoillcle.    V.  FoUlcla  from  vhlch  the  ovuni 
The  stroma  ot  the  ovary  may  contain  inter-     ''"  "™p**     i"-  Corpiu  luieum. 
stitial  cells  resembling  those  of  the  testis. 

Teiicnlar  Ovuian  Tollicl«s  (Graafian  foUideg) . — Upon  making  a  section  of  an  ovary,  numerous 
round  transparent  vesicles  of  various  siies  are  to  be  seen;  they  are  the  follicles,  or  ovisacs  con- 
taining the  ova.  Immediatefy  beneath  the  superficial  covering  is  a  layer  of  stroma,  in  which  are 
a  large  number  of  minute  vesicles,  of  uniform  siie,  about  0.25  mm.  in  diameter.  These  are  the 
folUclee  in  their  earhest  condition,  and  the  layer  where  they  are  found  has  been  termed  the 
G0Ttlc4l  Uj«r.  They  are  especially  numerous  in  the  ovary  of  the  young  child.  After  puberty, 
and  during  the  whole  of  the  child-bearing  period,  large  and  mature,  or  almost  mature  follicles 
are  also  found  in  the  cortical  layer  in  smalt  numbers,  and  also  "corpora  lutea,"  the  remains  of 
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follicles  which  have  burst  and  are  undergoing  atrophy  and  abaorptioa.  Beneath  this  Buperficial 
atratum,  other  large  and  more  or  l«ee  mature  follicles  are  found  imbedded  in  the  ovarian  stroma. 
The«e  increase  in  size  as  they  recede  from  the  surface  toward  a  highly  vascular  stroma  in  the 
centre  of  the  oi^an,  termed  the  modnllarr  rabBtUiCB  {zona  %iuculo»a  oj  Waldeyer).  This  stroma 
forma  the  tissue  of  the  hilus  by  which  the  ovary  is  attached,  and  through  which  the  bloodvesseb 
enter:   it  doea  not  contain  any  folliclea. 

The  larger  folliclea  (Fig.  1050)  consiat  of   an  external  fibrovascular  coat,  connected  with  the 
surrounding  stroma  of  the  ovary  by  a  net-work  of  bloodvessels;  and  an  internal  coat,  which  con- 
sists  of   several  layers    of   nucleated 
^-r^  cells,  called  the  membnui*  innnlou. 

Fibro-vaacjdar  coal  At  one  part  of  the  mature  follicle  the 

cells  of  the  membrana  granulosa  are 
Mtmbraaa  granvioa  collected  into  a  mass  which  project^ 

into  the  cavity  of  the  foUicle.  Thia 
is  termed  the  disinu  prolifonu,  and 
in  it  the  ovum  ia  imbedded.'  The 
follicle  contains  a  tranapareat  albumi- 
nous Ruid. 

The  development    and  maturation 
Zona  striaia  \     °^  ^^^  foUiclefi  and  ova  continue  un- 

I     interruptedly  from  puberty  to  the  Mid 
Ocrmirtal  vftide  '.      of  the  fruitful  period  ot  woman'a  life, 

'     while  their  formation  commences  be- 
fore birth .    Before  puberty  the  ovariee 
D«ci«  Wfffru-  ^  ™«U  "^^  the  foUicles  contained 

m  them  are  disposed  m  a  compara- 
tively thick  layer  in  the  cortical  sub- 
stance; here  they  present  the  appear- 
ance of   a   large   number   of    minute 
closed  vesicles,  constituting  the  early 
Pio.  loso.— Sectjon  o(  veiicular  ov«risn  follicle  of  cut.    X  SO.        condition     of    the     foUiclfis;    many, 
however,   never   attain   full  develop- 
ment, but  shrink  and  disappear.    At  puberty  the  ovaries  enlarge  and  become  more  vascular, 
the  follicles  are  developed  in  greater  abundance,  and  their  ova  are  capable  of  fecundation. 

Diachkiie  of  tho  Otdid. — The  follicles,  after  attaining  a  certain  sta^  of  development,  gradu- 
ally approach  the  surface  of  the  ovary  and  bunt;  the  ovum  and  fluid  contents  of  the  follicle 
are  liberated  on  the  exterior  of  the  ovary,  and  carried  into  the  uterine  tube  by  currents  set  up 
by  the  movements  of  the  cilia  covering  the  mucous  membrane  of  the  fimbria. 

Cotpui  Lntoum. — After  the  discharge  of  the  ovum  the  lining  of  the  follicle  ia  thrown  into 
folds,  and  vascular  processes  grow  inward  from  the  surrounding  tissue.  In  this  way  the  space 
is  filled  up  and  the  corpus  luteum  formed.  It  consists  at  first  of  a  radial  arrangement  of  ydlow 
cells  with  bloodvessels  and  lymphatic  spaces,  and  later  it  merges  with  the  surrounding  stroma. 
Teu«la  KoA  NervM. — The  ftrtariu  of  the  ovaries  and  uterine  tubes  are  the  ovarian  from 
the  aorta.  Each  anastomoses  freely  in  the  mesosalpinx,  with  the  uterine  artery,  gives  some 
branches  to  the  uterine  tube,  and  others  which  traverse  the  mceovarium  and  enter  the  hilus  of 
the  ovary.  The  v<inf  emerge  from  the  hilus  in  the  form  of  a  plexus,  the  puupimtonn  plexaa; 
the  ovarian  vein  is  formed  from  this  plexus,  and  leaves  the  pelvis  in  company  with  the  artery. 
The  nervM  are  derived  from  the  hypogastric  or  pelvic  plexus,  and  from  the  ovarian  plexus,  the 
uterine  tube  receiving  a  branch  from  one  of  the  uterine  nerves. 

Anilied  Anatomy. — The  inSammations  which  affect  the  ovary  are  merely  an  extension  of 
those  from  the  tube.  Ovarian  new  formations  ore  of  common  occurrence,  aud  are  either  solid 
or  cystic;  the  former  being  the  less  common.  The  ovarian  cy»ta  in  the  majority  of  cases  are 
cystadenomata  which  may  assume  enormous  dimensions;  in  rarer  instances  they  form  from 
the  tubulee  at  the  hilus  of  the  ovary  or  those  of  the  organ  of  Rosenmiiller;  in  other  instances  a 
clear  watery  cyst  forms  between  the  laj'ers  of  the  broad  hgament.  An  ovarian  cyst,  once  diag- 
nosticated, should  always  be  removed,  as  it  is  liable  to  become  affected  by  suppuration,  torsion 
of  its  pedicle,  or  other  serious  complications.  The  operation  for  its  removal,  badly  termed 
oimriolomy,  consists  in  opening  the  abdomen,  and  reducing  the  size  of  the  cjrst  when  large  by 
tapping  it  before  its  withdrawal  from  the  abdomen;  the  pedicle  is  then  clamped  with  a  large 
forceps,  and  the  cyst  is  cut  free.  This  pedicle  must  then  be  transfixed  and  securely  ligatured 
by  an  interlocking  ligature,  which  will  not  shp  off.  The  pedicle  consists  of  an  elongated  part  of 
the  broad  ligament,  including  the  uterine  tube  and  ovarian  artery,  and  a  great  number  of  large 
veins.  Ovariotomy  for  a  simple  uncomplicated  cyst  presents  no  special  difficulties,  but,  in  cases 
where  there  are  old  adhesions  implicating  the  small  intestines,  it  may  present  very  great  difiieultiea. 


THE  UTERINE  TU£E  1247 

The  Uterine  Tnbe  (Taba  Uterina  [Fallopii];  rallopian  Tube;  Oridnct). 

(Figs.  1047,  1051). 
The  uterine  tabes  convey  the  ova  from  the  ovaries  to  the  cavity  of  the  uterus. 
They  are  two  in  number,  one  on  either  side,  situated  in  the  upper  margin  of  the 
■  broad  ligament,  and  extending  from  the  superior  angle  of  the  uterus  to  the  side  of 
the  pelvis.  Each  tube  is  about  10  cm.  long,  and  is  described  as  consisting  of  three 
portions:  (1)  the  uthmus,  or  medial  constricted  third;  (2)  the  amptdla,  or  inter- 
mediate dilated  portion,  which  curves  over  the  ovary;  and  (3)  the  infundibulum, 
with  its  abdominal  ostium,  surrounded  by  fimbrin,  one  of  which,  the  ovarian  fimbria. 


is  attached  to  the  ovary.  The  uterine  tube  is  directed  lateralward  as  far  as  the 
uterine  pole  of  the  ovary,  and  then  ascends  along  the  mesovarian  border  of  the 
ovary  to  the  tubal  pole,  over  which  it  arches;  finally  it  turns  downward  and  ends 
in  relation  to  the  free  border  and  medial  surface  of  the  ovary.  The  uterine  opening 
is  minute,  and  will  only  admit  a  fine  bristle;  the  abdominal  opening  is  somewhat 
larger.  In  connection  with  the  fimbriee  ofthe  uterine  tube,  or  with  the  broad  liga- 
ment close  tothem,  there  are  frequently  one  or  more  small  pedunculated  vesicles. 
These  are  termed  the  appendices  vesicolosae  (hydaiith  of  Morgagni). 

Btrnetnre. — The  uterine  tube  consists  of  three  coats:  ■sroos,  muscnlai,  and  mncotu.  The 
external  or  sennu  eoat  is  peritoneal.  The  middle  or  moicnlu  co«t  consists  of  an  exteroal  longi- 
tudinal  And  aji  internal  circular  layer  of  non-striped  muscular  fibres  continuous  with  those  of 
the  uterus.  The  intenial  or  macons  coat  is  continuous  with  the  mucous  lining  of  the  uterus,  and, 
at  the  abdominal  ostium  of  the  tube,  with  the  peritoneum.  It  is  thrown  into  longitudinal  folds, 
which  in  the  ampulla  are  much  more  extensive  than  in  the  isthmus.  The  lining  epithelium  is 
columnar  and  ciliated.  This  form  of  epithelium  is  also  found  on  the  inner  surface  of  the  fimbriK. 
while  on  the  outer  or  serous  surfaces  of  these  processes  the  epithelium  gradually  merges  into 
the  endothelium  of  the  peritoneum. 

Affiljed  Anfttomj. — The  majority  of  the  diseases  of  the  uterine  tube  are  due  to  infection 
which  have  spread  by  way  of  the  vagina  and  uterus,  and  the  disease  often  does  not  atop  at  the 
Uterine  tube,  but  passes  on  to  the  peritoneum,  giving  rise  to  acute  general  peritonitis,  or  a  local- 
ised condition  termed  perimeirilia  that  may  be  acute  or  chronic.  Perimetritis  is  often  followed 
by  various  painful  conditions,  which  are  due  to  the  peritoneal  adhesions  resulting  from  the 
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inflammation  of  the  serous  membrane,  and  which  persist  throughout  life.  Tubal  inflaounation 
(talpingitia)  is  usually  the  reeult  of  an  infection  either  by  the  gonococcua  or  by  septic  organisms 
implanted  at  the  time  of  labor  or  abortion.  In  many  cases  the  fimbriated  ends  of  the  tubes 
become  closed  by  adhesions,  pus  coUects  in  the  tubes,  and  a  pyotalpinx  results. 

Fertilization  of  the  ovum  is  believed  (page  82)  to  occur  in  the  tube,  and  the  fertilized  ovum 
is  then  normally  passed  on  into  the  uterus;  the  ovum,  however,  may  adhere  to  an  undergo  develop- 
ment in  the  uterine  tube,  giving  rise  to  the  commonest  variety  of  ectopic  gulation.  In  such  cases 
the  amnion  and  chorion  are  formed,  but  a  true  decjdua  is  never  present;  and  the  gestation  usually 
rads  by  extrusion  of  the  ovum  through  the  abdominal  ostium,  although  it  is  not  uncommon  for 
the  tube  to  rupture  into  the  peritoneal  cavity,  this  being  accompanied  by  severe  hemorrhage, 
and  needing  surgical  interference. 

Thft  irtentB  (Womb)  (Figs.  1047,  1051,  1052). 

The  ttterus  is  a  hollow,  thick-walled,  muscular  organ  situated  deeply  in  the 
pelvic  cavity  between  the  bladder  and  rectum.  Into  its  upper  part  the  uterine 
tubes  open,  one  on  either  side,  while  below,  its  cavity  communicates  with  that  of 


Fio.  1052.— Mwiian  ■Hgittal  sectLon  of  (emolc  pelvii. 

the  vagina.  When  the  ova  are  discharged  from  the  o\aries  they  are  carried  to  the 
uterine  cavity  through  the  uterine  tubes.  If  an  ovum  be  fertilized  it  imbeds  itself 
in  the  uterine  wall  and  is  normally  retained  in  the  uterus  until  prenatal  develop- 
ment is  completed,  the  uterus  undergoing  changes  in  size  and  structure  to  accom- 
modate itself  to  the  needs  of  the  growing  embryo  {see  page  98).  After  parturition 
the  uterus  returns  almost  to  its  former  condition,  but  certain  traces  of  its  enlarge- 
ment remains.  It  is  necessary,  therefore,  to  describe  as  the  type-form  the  adult 
virgin  uterus,  and  then  to  consider  the  modifications  which  are  effected  as  a  result 
of  pregnancy. 
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In  the  virgin  state  the  uterus  is  flattened  antero-posteriorly  and  is  pyriform 
in  shape,  with  the  apex  directed  downward  and  backward.  It  lies  between  the 
bladder  in  front  and  the  pelvic  or  sigmoid  colon  and  rectum  behind,  and  is  com- 
pletely within  the  pelvis,  so  that  its  base  is  below  the  level  of  the  superior  pelvic 
aperture.  Its  upper  part  is  suspended  by  the  broad  and  the  round  ligaments, 
while  its  lower  portion  is  imbedded  in  the  fibrous  tissue  of  the  pelvis. 

The  long  axis  of  the  uterus  usually  lies  approximately  in  the  axis  of  the  superior 
pelvic  aperture,  but  as  the  organ  is  freely  movable  its  position  varies  with  the 
state  of  distension  of  the  bladder  and  rectum.  Except  when  much  displaced  by  a 
fully  distended  bladder,  it  forms  a  forward  angle  with  the  vagina,  since  the  axis 
of  the  vagina  corresponds  to  the  axes  of  the  cavity  and  inferior  aperture  of  the 
pelvis. 

The  uterus  measures  about  7.5  cm.  in  length,  5  cm.  in  breadth,  at  its  upper 
part,  and  nearly  2.5  cm.  in  thickness;  it*  weighs  from  30  to  40  gm.  It  is  divisible 
into  two  portions.  On  the  surface,  about  midway  between  the  apex  and  base, 
is  a  slight  constriction,  known  as  the  isthmus,  and  corresponding  to  this  in  the 
interior  is  a  narrowing  of  the  uterine  cavity,  the  internal  orifice  of  the  uterus.  The 
portion  above  the  isthmus  is  termed  the  body,  and  that  below,  the  cervix.  The 
part  of  the  body  which  lies  above  a  plane  passing  through  the  points  of  entrance 
of  the  uterine  tubes  is  known  as  the  fundus. 

Body  {corpus  uteri), — The  body  gradually  narrows  from  the  fundus  to  the 
isthmus. 

The  vesicaT  or  anterior  surface  {fades  vesicalis)  is  flattened  and  covered  by 
peritoneum,  which  is  reflected  on  to  the  bladder  to  form  the  vesicouterine 
excavation.    The  surface  lies  in  apposition  with  the  bladder. 

The  intestinal  or  posterior  surface  {fo^cies  intestinalis)  is  convex  transversely  and 
is  covered  by  peritoneum,  which  is  continued  down  on  to  the  cervix  and  vagina. 
It  is  in  relation  with  the  sigmoid  colon,  from  which  it  is  usually  separated  by  some 
coils  of  small  intestine. 

The  fundus  {fundus  uteri)  is  convex  in  all  directions,  and  covered  by  peritoneum 
continuous  with  that  on  the  vesical  and  intestinal  surfaces.  On  it  rest  some  coils 
of  small  intestine,  and  occasionally  the  distended  sigmoid  colon. 

The  lateral  margins  {margo  lateralis)  are  slightly  convex.  At  the  upper  end  of 
each  the  uterine  tube  pierces  the  uterine  wall.  Below  and  in  front  of  this  point 
the  round  ligament  of  the  uterus  is  fixed,  while  behind  it  is  the  attachment  of  the 
ligament  of  the  ovary.  These  three  structures  lie  within  a  fold  of  peritoneum 
which  is  reflected  from  the  margin  of  the  uterus  to  the  wall  of  the  pelvis,  and  is 
named  the  broad  ligament. 

Cervix  {cervix  uteri;  neck). — ^The  cervix  is  the  lower  constricted  segment  of 
the  uterus.  It  is  somewhat  conical  in  shape,  with  its  truncated  apex  directed 
downward  and  backward,  but  is  slightly  wider  in  the  middle  than  either  above  or 
below.  Owing  to  its  relationships,  it  is  less  freely  movable  than  the  body,  so  that 
the  latter  may  bend  on  it.  The  long  axis  of  the  cervix  is  therefore  seldom  in  the 
same  straight  line  as  the  long  axis  of  the  body.  The  long  axis  of  the  uterus  as  a 
whole  presents  the  form  of  a  curved  line  with  its  concavity  forward,  or  in  extreme 
cases  may  present  an  angular  bend  at  the  region  of  the  isthmus. 

The  cervix  projects  through  the  anterior  wall  of  the  vagina,  which  divides  it 
into  an  upper,  supravaginal  portion,  and  a  lower,  vaginal  portion. 

The  supravaginal  portion  {portio  supravaginalis  [cervicis])  is  separated  in  front 
from  the  bladder  by  fibrous  tissue  (parametrium),  which  extends  also  on  to  its  sides 
and  lateralward  between  the  layers  of  the  broad  ligaments.  The  uterine  arteries 
reach  the  margins  of  the  cervix  in  this  fibrous  tissue,  while  on  either  side  the  ureter 
runs  downward  and  forward  in  it  at  a  distance  of  about  2  cm.  from  the  cervix. 
Posteriorly,  the  supravaginal  cervix  is  covered  by  peritoneum,  which  is  prolonged  • 
79 
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below  on  to  the  posterior  vaginal  wall,  when  it  is  reflected  on  to  the  rectum, 
forming  the  rectouterine  excavation.  It  is  in  relation  with  the  rectum,  from 
which  it  may  be  separated  by  coils  of  small  intestine. 

The  vasrinal  portion  {portio  vaginalis  [ceroids])  of  the  cervix  projects  free  into  the 
anterior  wall  of  the  vagina  between  the  anterior  and  posterior  fornices.  On  its 
rounded  extremity  is  a  small,  depressed,  somewhat  circular  aperture,  the  external 
orifice  of  the  uterus,  through  which  the  cavity  of  the  cervix  conmiunicates  with 
that  of  the  vagina.  The  external  orifice  is  bounded  by  two  lips,  an  anterior  and  a 
posterior,  of  which  the  anterior  is  the  shorter  and  thicker,  although,  on  account 
of  the  slope  of  the  cervix,  it  projects  lower  than  the  posterior.  Normally,  both  lips 
are  in  contact  with  the  posterior  vaginal  wall. 

Interior  of  the  Uterus  (Fig.  1053). — ^The  cavity  of  the  uterus  is  small  in 
comparison  with  the  size  of  the  organ. 

The  Cavity  of  the  Body  (cavum  uteri)  is  a  mere  slit,  flattened  antero-posteriorly. 
It  is  triangular  in  shape,  the  base  being  formed  by  the  internal  surface  of  the 

^,    .       fundus  between  the  orifices  of  the  uterine 
tube^     tubes,  the  apex  by  the  internal  orifice  of  the 
uterus  through  which  the  cavity  of  the  body 
communicates  with  the  canal  of  the  cervix. 

The  Canal  of  the  Cervix   {canalis  ceroids 
uteri)  is  somewhat  fusiform,  flattened  from 
before  backward,  and  broader  at  the  middle 
than  at  either  extremity.    It  conmiunicates 
wi^  above  through  the  internal  orifice  with  the 

cavity  of  the  body,  apd  below  through  the 
external  orifice  with  the  vaginal  cavity.  The 
ExUmai         ^^  ^^  ^^  canal  presents  an  anterior  and  a 
orificA  posterior   longitudinal  ridge,  from  each   of 

which  proceed   a   number  of  small   oblique 
columns,  the  palmate  folds,  giving  the  appear- 
ance of  branches  from   the  stem  of  a  tree; 
^^^^'^^--^^^i:^^^^^^^^^^^-     to  this  arrangement  the  name  arbor  vitae 

uterina  is  applied.  The  folds  on  the  two 
walls  are  not  exactly  opposed,  but  fit  between  one  another  so  as  to  close  the 
cervical  canal. 

The  total  length  of  the  uterine  cavity  from  the  external  orifice  to  the  fundus 
is  about  6.25  cm. 

Ligaments. — ^The  ligaments  of  the  uterus  are  eight  in  number:  one  anterior; 
one  posterior;  two  lateral  or  broad;  two  uterosacral;  and  two  round  lis^aments. 

The  anterior  lis^ament  consists  of  the  vesicouterine  fold  of  peritoneum,  which 
is  reflected  on  to  the  bladder  from  the  front  of  the  uterus,  at  the  junction  of  the 
cervix  and  body. 

The  posterior  ligament  consists  of  the  rectovaginal  fold  of  peritoneum,  which  is 
reflected  from  the  back  of  the  posterior  fornix  of  the  vagina  on  to  the  front  of  the 
rectum.  It  forms  the  bottom  of  a  deep  pouch  called  the  rectouterine  excavation, 
which  is  bounded  in  front  by  the  posterior  wall  of  the  uterus,  the  supravaginal 
cervix,  and  the  posterior  fornix  of  the  vagina;  behind,  by  the  rectum;  and  laterally 
by  two  crescentic  folds  of  peritoneum  which  pass  backward  from  the  cervix  uteri 
on  either  side  of  the  rectum  to  the  posterior  wall  of  the  pelvis.  These  folds  are 
named  the  sacrogenital  or  rectouterine  folds.  They  contain  a  considerable  amount 
of  fibrous  tissue  and  non-striped  muscular -fibres  which  are  attached  to  the  front 
of  the  sacrum  and  constitute  the  uterosacral  ligaments. 

The  two  lateral  or  broad  ligaments  {ligamentum  latum  uteri)  pass  from  the  sides  of 
the  uterus  to  the  lateral  walls  of  the  pelvis.    Together  with  the  uterus  they  form 
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a  septum  across  the  female  pelvis,  dividing  that  cavity  into  two  portions.  In  the 
anterior  part  is  contained  the  bladder;  in  the  posterior  part  the  rectum,  and  in 
certain  conditions  some  coils  of  the  small  intestine  and  a  part  of  the  sigmoid  colon. 
Between  the  two  layers  of  each  broad  ligament  are  contained:  (1)  the  uterine 
tube  superiorly;  (2)  the  round  ligament  of  the  uterus;  {3}  the  ovary  and  its  ligament; 
(4)  the  epoophoron  and  paroophoron;  (5)  connective  tissue;  (6)  unstriped  muscular 
fibre;  and  (7)  bloodvessels  and  nerves.  The  portion  of  the  broad  ligament  which 
stretches  from  the  uterine  tube  to  the  level  of  the  ovary  is  known  by  the  name 
of  the  mesosalpinx.  Between  the  fimbriated  extremity  of  the  tube  and  the  lower 
attachment  of  the  broad  ligament  is  a  concave  rounded  margin,  called  the  infim- 
dibnlopelTic  ligament. 

The  ronnd  ligamentB  {ligamentum  teres  uteri)  are  two  flattened  bands  between 
10  and  12  cm.  in  length,  situated  between  the  layers  of  the  broad  ligament  in  front 
of  and  below  the  uterine  tubes.  Commencing  on  either  side  at  the  lateral  angle 
of  the  uterus,  this  ligament  is  directed  forw^ard,  upward,  and  lateralward  over  the 
external  iliac  vessels.  It  then  passes  through  the  abdominal  inguinal  ring  and  along 
,  the  inguinal  canal  to  the  labium  majus,  in  which  it  becomes  lost.  The  round 
ligaments  consists  principally  of  muscular  tissue,  prolonged  from  the  uterus;  also 
of  some  fibrous  and  areolar  tissue,  besides  bloodvessels,  lymphatics;  and  nerves, 
enclosed  in  a  duplicature  of  peritoneum,  which,  in  the  fetus,  is  prolonged  in  the 
form  of  a  tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process 
is  called  the  canal  of  Nnck.  It  is  generally  obliterated  in  the  adult,  but  sometimes 
^mains  pervious  even  in  advanced  life.  It  is  analogous  to  the  saccus  vaginalis, 
which  precedes  the  descent  of  the  testis. 

In  addition  to  the  ligaments  juat  described,  there  is  a  band  named  the  licamontDm  trans- 
TflTulia  colli  (Mackenrodt)  on  either  aide  of  the  cervix  uteri.  It  is  attached  to  the  side  of  the 
cervix  ut^ri  and  to  the  vault  and  lateral  fornix  of  the  vagina,  and  is  continuoue  externally  with 
the  fibrous  tissue  which  surrounds  the  pelvic  bloodvessels. 

The  form,  aixe,  and  situation  of  the  uterus  vary  at  different  periods  of  life  and  under  different 
circumstances. 


Cavity  of  vi 
Sigmoid  c 


Fin.  lOM.— SagiluL  Hction  throufh  the  pelvis  of  a  newly  boni  female  ohlkl. 

In  the  fetva  the  uterus  is  contained  in  the, abdominal  cavity,  projecting  beyond  the  superior 
aperture  of  the  pelvis  (Fig,  1054).    The  cervix  is  considerably  larger  than  the  body. 

At  puberty  the  uterus  is  pyriform  in  shape,  and  weighs  from  14  to  17  gm.  It  has  descended 
into  the  pelvis,  the  fundus  being  just  below  the  level  of  the  superior  aperture  of  this  cavity.  The 
e  folds  are  distinct,  and  extend  to  the  upper  part  of  the  cavity  of  the  organ. 
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The  position  of  the  uterus  in  the  adult  is  liable  to  considerable  variation,  depending  chiefly 
on  the  condition  of  the  bladder  and  rectum.  When  the  bladder  is  empty  the  entire  uterus  is 
directed  forward,  and  is  at  the  same  time  bent  on  itself  at  the  junction  of  the  body  and  cervix, 
so  that  the  body  lies  upon  the  bladder.  As  the  latter  fills,  the  uterus  gradually  becomes  more 
and  more  erect,  until  with  a  fully  distended  bladder  the  fundus  may  be  directed  backward  toward 
the  sacrum. 

During  menstnuUion  the  organ  is  enlarged,  more  vascular,  and  its  surfaces  rounder;  the  external 
orifice  is  rounded,  its  labia  swollen,  and  the  lining  membrane  of  the  body  thickened,  softer,  and 
of  a  darker  color.  According  to  Sir  J.  Williams,  at  each  recurrence  of  menstruation,  a  mole- 
cular disintegration  of  the  mucous  membrane  takes  place,  which  leads  to  its  complete 
removal,  only  the  bases  of  the  glands  imbedded  in  the  muscle  being  left.  At  the  cessation  of 
menstruation,  a  fresh  mucous  membrane  is  formed  by  a.  proliferation  of  the  remaining 
structures. 

During  pregnancy  the  uterus  becomes  enormously  enlarged,  and  in  the  eighth  month  reaches 
the  epigastric  region.  The  increase  in  size  is  partly  due  to  growth  of  preexisting  muscle,  and 
partly  to  development  of  new  fibres. 

After  parturition  the  uterus  nearly  regains  its  usual  size,  weighing  about  42  gm.;  but  its  cavity 
is  larger  than  in  the  virgin  state,  its  vessels  are  tortuous,  and  its  muscular  layers  are  more  defined; 
the  external  orifice  is  more  marked,  and  its  edges  present  one  or  more  fissures. 

In  old  age  the  uterus  becomes  atrophied,  and  paler  and  denser  in  texture;  a  more  distinct 
constriction  separates  the  body  and  cervix.  The  internal  orifice  is  frequently,  and  the  external 
orifice  occasionally,  obliterated,  while  the  lips  almost  entirely  disappear. 

S^ucture. — The  uterus  is  composed  of  three  coats:  an  external  or  serouB,  a  middle  or 
miuciilar,  and  an  internal  or  mucous. 

The  serouB  coat  {tunica  serosa)  is  derived  from  the  peritoneum;  it  invests  the  fundus  and 
the  whole  of  the  intestinal  surface  of  the  uterus;  but  covers  the  vesical  siu-face  only  as  far  as 
the  junction  of  the  body  and  cervix.  In  the  lower  fourth  of  the  intestinal  surface  the  peritoneum, 
though  covering  the  uterus,  te  not  closely  connected  with  it,  being  separated  from  it  by  a  layer 
of  loose  cellular  tissue  and  soilie  large  veins. 

The  moflcnlar  coat  (tunica  muscularis)  forms  the  chief  bulk  of  the  substance  of  the  uterus. 
In  the  virgin  it  is  dense,  firm,  of  a  grayish  color,  and  cuts  almost  like  cartilage.  It  is  thick  opposite 
the  middle  of  the  body  and  fundus,  and  thin  at  the  orifices  of  the  uterine  tubes.  It  consists  of 
bundles  of  unstriped  muscular  fibres,  disposed  in  layers,  intermixed  with  areolar  tissue,  blood- 
vessels, lymphatic  vessels,  and  nerves.  The  layers  are  three  in  number:  external,  middle,  and 
internal.  The  external  and  middle  layers  constitute  the  muscular  coat  proper,  while  the  inner 
layer  is  a  greatly  hypertrophied  muscularis  mucosae.  During  pregnancy  the  muscular  tissue 
becomes  more  prominently  dev^oped,  the  fibres  being  greatly  enlarged. 

The  external  layer,  placed  beneath  the  peritoneum,  is  disposed  as  a  thin  plane  on  the  vesical 
and  intestinal  surfaces.  It  consists  of  fibres  which  pass  transversely  across  the  fundus,  and, 
converging  at  each  lateral  angle  of  the  uterus,  are  continued  on  to  the  uterine  tube,  the  round 
ligament,  and  the  ligament  of  the  ovary:  some  passing  at  each  side  into  the  broad  ligament, 
and  others  running  backward  from  the  cervix  into  the  sacrouterine  ligaments.  The  middle 
layer  of  fibres  presents  no  regularity  in  its  arrangement,  being  disposed  longitudinally,  obliquely, 
and  transversely.  It  contains  most  bloodvessels.  The  internal  or  deep  layer  consists  of  circular 
fibres  arranged  in  the  form  of  two  hollow  cones,  the  apices  of  which  surround  the  orifices  of  the 
uterine  tubes,  their  bases  intermingling  with  one  another  on  the  middle  of  the  body  of  the  uterus. 
At  the  internal  orifice  these  circular  fibres  form  a  distinct  sphincter. 

The  mucous  membrane  {tunica  mucosa)  (Fig.  1055)  is  smooth,  and  closely  adherent  to  the 
subjacent  tissue.  It  is  continuous  through  the  fimbriated  extremity  of  the  uterine  tubes,  with 
the  peritoneum;  and,  through  the  external  uterine  orifice,  with  the  lining  of  the  vagina. 

In  the  body  of  the  uterus  the  mucous  membrane  is  smooth,  soft,  of  a  pale  red  color,  lined  by 
colunmar  ciliated  epithehum,  and  presents,  when  view^ed  with  a  lens,  the  orifices  of  numerous 
tubular  follicles,  arranged  perpendicularly  to  the  surface.  The  structure  of  the  coriiun  dififers 
from  that  of  ordinary  mucous  membranes,  and  consists  of  an  embryonic  nucleated  and  highly 
cellular  form  of  connective  tissue  in  which  run  numerous  large  lymphatics.  In  it  are  the  tube- 
like uterine  glands,  lined  by  ciliated  columnar  epithelium.  They  are  of  small  size  in  the  unim- 
pregnated  uterus,  but  shortly  after  impregnation  become  enlarged  and  elongated,  presenting 
a  contorted  or  waved  appearance  (see  page  98). 

In  the  cervix  the  mucous  membrane  is  sharply  differentiated  from  that  of  the  uterine  cavity. 
It  is  thrown  into  numerous  oblique  ridges,  which  diverge  from  an  anterior  and  posterior  longi- 
tudinal raph6.  In  the  upper  two-thu-ds  of  the  canal,  the  mucous  membrane  is  provided  with 
numerous  deep  glandular  follicles,  which  secrete  a  clear  viscid  alkaline  mucus;  and,  in  addition, 
extending  through  the  whole  length  of  the  canal  is  a  variable  number  of  little  cysts,  presumably 
follicles  which  have  become  occluded  and  distended  with  retained  secretion.  They  are  called 
the  ovula  Nabothi.  The  mucous  membrane  covering  the  lower  half  of  the  cervical  canal  presents 
numerous  papillae.    The  epithelium  of  the  upper  two-thirds  is  cylindrical  and  ciliated,  but  below 


thia  it  loBCH  ila  cilia,  &nd  gradually  changes  to  stratified  aqiiamoua  epithelium  close  to  the  external 
orifice.  On  the  vaginal  surface  of  the  cervix  the  epithelium  is  similar  to  that  lining  the  vagina, 
viz.,  stratified  squamous. 

Ciliated  epilhetinrn 


Circtdar 
maicvlar 

Olaiid       Strcma 


TmboIi  and  NervM. — The  uterios  of  the  uterus  are  the  uterine,  from  the  hypogastric;  and 
the  ovarian,  from  the  abdominal  aorta  (Fig.  1056).    They  are  remarkable  for  their  tortuous 


course  in  the  substance  of  the  organ,  and  for  their  frequent  anafltomoHeB.  The  termination  of 
the  ovarian  artery  meets  that  of  the  uterine  artery,  and  forms  an  anastomotic  trunk  from  which 
branches  are  given  off  to  supply  the  uterus,  their  disposition  being  circular.    The  veins  are  of 
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large  size,  and  correspond  with  the  arteries.  They  end  in  the  uterine  plexuses.  In  the  impreg- 
nated uterus  the  arteries  carry  the  blood  to,  and  the  veins  convey  it  away  from,  the  intervUlouB 
space  of  the  placenta  (see  page  100).  The  lymphatics  are  described  on  page  795.  The  nerves 
are  derived  from  the  hjrpogastric  and  ovarian  plexuses,  and  from  the  third  and  fourth  sacral 
nerves. 

Applied  Anatomy. — A  certain  amount  of  anteversion  and  retroversion  of  the  uterus  can  take 
place  without  the  condition  being  regarded  as  pathological,  but  when  the  degree  of  flexion  becomes 
considerable  it  must  be  regarded  as  a  morbid  condition.  This  is  especially  true  of  retroversion  and 
retroflexion.  The  former  is  a  falling  back  of  the  whole  uterus,  so  that  the  cervix  points  upward 
toward  the  pubes,  and  the  latter  is  a  bending  backward  of  the  body,  the  cervix  remaining  in  its 
normal  position.  The  two  conditions  are  usually  combined.  Prolapse  of  the  uterus  is  another 
common  infirmity.  The  organ  sinks  to  an  abnormally  low  level  in  the  pelvis,  and  sometimes 
protrudes  beyond  the  vulva.  This  is  due  to  the  supporting  mechanism  of  the  uterus  being 
insufficient  to  sustain  the  strain  thrown  upon  it. 

The  uterus  may  require  removal  in  cases  of  malignant  disease  or  for  fibroid  tumors.  Carcinoma 
is  the  most  common  form  of  malignant  disease  of  the  uterus,  though  cases  of  sarcoma  do  occur. 
It  may  show  itself  either  as  a  columnar  carcinoma  or  as  a  squamous  carcinoma;  the  former  com- 
mencing either  in  the  cervix  or  body  of  the  uterus,  the  latter  always  commencing  in  the  epithelial 
cells  of  the  mucous  covering  of  the  vaginal  surface  of  the  cervix.  Cancer  of  the  body  or  of  the 
cervix  may  be  treated  in  the  early  stage,  before  fixation  has  taken  place,  by  removal  of  the  uterus, 
either  through  the  vagina  or  by  means  of  abdominal  section,  but  if  the  body  be  much  enlarged 
the  former  operation  is  impossible.  Vaginal  hysterectomy  is  performed  by  placing  the  patient 
in  the  Uthotomy  position  and  introducing  a  large  duck-bill  speculum.  The  cervix  is  then  seized 
with  a  volsellmn  and  pulled  down  as  far  as  possible,  and  the  mucous  membrane  of  the  vagina 
incised  around  the  cervix  and  as  near  to  it  as  the  disease  will  allow,  especially  in  front,  where  the 
ureters  are  in  danger  of  being  wounded.  The  rectouterine  excavation  is  then  opened  sufficiently 
to  allow  of  the  introduction  of  the  two  forefingers,  by  means  of  which  the  opening  is  dilated 
laterally  as  far  as  the  sacro-uterine  ligaments.  A  somewhat  similar  proceeding  is  adopted  in 
front,  but  here  the  bladder  has  to  be  separated  from  the  wall  of  the  uterus  for  about  2.5  cm. 
before  the  vesicouterine  fold  of  peritoneum  can  be  reached.  This  is  done  by  carefully  burrowing 
upward  with  a  director  and  stripping  the  tissues  off  the  uterine  wall.  When  the  vesicouterine 
pouch  has  been  opened  and  the  aperture  dilated  laterally,  the  uterus  remains  attached  only  by 
the  broad  ligaments,  in  which  are  contained  the  vessels  that  supply  the  uterus.  Before  division 
of  the  ligaments,  these  vessels  have  to  be  dealt  with.  The  forefinger  of  the  left  hand  is  introduced 
into  the  rectouterine  excavation,  and  an  aneurism  needle,  armed  with  a  long  silk  ligature,  is 
inserted  into  the  vesicouterine  pouch,  and  is  pushed  through  the  broad  ligament  about  2.5  cm. 
above  its  lower  level  and  at  some  distance  from  the  uterus.  One  end  of  the  ligature  is  now 
pulled  through  the  anterior  opening,  and  in  this  way  we  have  the  lowest  2.5  cm.  of  the  broad 
ligament,  in  which  is  contained  the  uterine  artery  (Fig.  1056),  enclosed  in  a  ligature.  This  is  tied 
tightly,  and  the  operation  is  repeated  on  the  other  side.  The  broad  ligament  is  then  divided  on 
either  side,  between  the  ligature  and  the  uterus,  to  the  extent  to  which  it  has  been  constricted. 
By  traction  on  the  volsellum  which  grasps  the  cervix,  the  uterus  can  be  pulled  considerably 
further  down  in  the  vagina,  and  a  second  2.5  cm.  of  the  broad  ligament  is  treated  in  a  similar 
way.  This  second  ligature  will  embrace  the  pampiniform  plexus  of  veins,  and,  when  the  broad 
ligament  has  been'  divided  on  either  side,  it  will  be  found  that  a  third  ligature  can  be  made  to 
pass  over  the  uterine  tube  and  top  of  the  broad  ligament,  after  the  uterus  has  been  dragged  down 
as  far  as  possible.  After  the  third  ligature  has  been  tied  and  the  structures  between  it  and  the 
uterus  divided,  this  organ  will  be  freed  from  all  its  connections  and  can  be  removed  from  the 
vagina.  The  third  ligature  will  contain  the  ovarian  artery,  between  the  ovary  and  the  uterus, 
as  it  lies  below  the  uterine  tube.  The  vagina  is  then  sponged  out  and  lightly  dressed  with  gauze; 
no  sutures  being  used. 

In  the  treatment  of  uterine  fibroids  which  require  operative  interference,  removal  of  the 
whole  of  the  uterus,  together  with  the  tumors,  through  an  abdominal  incision  gives  the  most 
satisfactory  results;  for,  if  the  tumor  is  large,  its  size  acts  as  a  barrier  to  its  safe  delivery  through 
the  pelvis  and  genital  passages.  After  the  abdomen  has  been  opened  the  uterine  vessels  are 
secured  and  the  broad  ligaments  divided  in  a  manner  similar  to  that  employed  in  vaginal  hysterec- 
tomy, except  that  the  proceeding  is  commenced  from  above.  When  the  first  two  ligatures  have 
been  tied,  and  the  broad  ligament  divided,  it  will  be  found  that  the  uterus  can  be  raised  out  of 
the  pelvis.  A  transverse  incision  is  now  made  through  the  peritoneum,  where  it  is  reflected 
from  the  front  of  the  uterus  on  to  the  back  of  the  bladder,  and  the  serous  membrane  peeled 
from  the  surface  of  the  uterus  until  the  vagina  is  reached.  The  anterior  wall  of  this  canal  is 
then  cut  across.  The  uterus  is  now  turned  forwsird  and  the  peritoneum  at  the  bottom  of  the 
rectouterine  excavation  incised  transversely,  and  the  posterior  wall  of  the  vagina  cut  across, 
until  it  meets  the  incision  on  the  anterior  wall.  The  uterus  is  now  almost  free,  and  is  held  only 
by  the  lower  part  of  the  broad  ligament  on  either  side,  containing  the  uterine  artery.  A  third 
ligature  is  made  to  encircle  this  as  close  to  the  uterus  as  possible,  the  position  of  the  ureter 
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being  always  kept  in  mind,  and,  after  having  been  tied,  the  structures  are  divided  between  the 
ligature  and  the  uterus.  The  organ  can  now  be  removed.  The  vagina  is  plugged  with  gauze, 
and  the  external  wound  closed  in  the  usual  way.  The  vagina  acts  as  a  drain,  and  therefore  the 
opening  into  it  is  not  sutured. 

Inflammation  of  the  cellular  tissue  surrounding  the  cervix  occasionally  takes  place.  Laceration 
of  the  cervix  by  instruments  or  by  the  fetal  head  frequently  occurs,  opening  up  the  cellular 
planes  and  so  exposing  them  to  any  infection  that  may  be  present.  An  inflammatory  mass 
forms  in  the  cellular  tissue  between  the  layers  of  the  broad  ligament  or  of  the  uterosacral  liga- 
ments, and  the  condition  is  termed  peltnc  cellulitis  or  parametritis.  This  condition  is  usually  con- 
fined to  one  side  of  the  pelvis,  forming  a  large  inflammatory  mass  which  pushes  the  uterus  over 
to  the  opposite  side.  It  does  not  always  remain  localized,  however,  but  may  spread  widely, 
surrouncUng  the  rectum  or  the  neck  of  the  bladder,  or  mounting  into  the  iliac  fossa,  or  even  to 
the  perinephric  cellular  tissue.  The  condition  may  resolve  or  an  abscess  may  form.  In  the 
former  condition  the  cicatrization  of  the  inflammatory  products  often  produces  displacements 
of  the  uterus  toward  the  affected  side  of  the  pelvis,  or  stricture  of  the  rectum  when  that  viscus 
has  been  surrounded  by  the  process.  When  suppuration  ensues,  the  pus  may  burst  into  the 
bladder,  vagina,  or  rectum,  or  it  may  present  above  the  inguinal  ligament,  or  it  may  mount 
to  the  anterior  abdominal  wall  in  front  of  the  bladder  or  to  the  posterior  abdominal  wall  between 
the  iliac  crest  and  last  rib.  The  abscess  may,  moreover,  make  its  way  into  the  buttock  by  passing 
out  of  the  pelvis  through  the  greater  sciatic  foramen,  or  it  may  pass  down  between  the  fibres  of 
the  Levator  ani  and  appear  as  a  secondary  ischiorectal  abscess. 

The  Vagina  (Fig.  1052). 

The  yagina  extends  from  the  vestibule  to  the  uterus,  and  is  situated  behind  the 
bladder  and  in  front  of  the  rectum;  it  is  directed  upward  and  backward,  its  axis 
forming  with  that  of  the  uterus  an  angle  of  over  90°,  opening  forward.  Its  walls 
are  ordinarily  in  contact,  and  the  usual  shape  of  its  lower  part  on  transverse  section 
is  that  of  an  H,  the  transverse  limb  being  slightly  curved  forward  or  backward, 
while  the  lateral  limbs  are  somewhat  convex  toward  the  median  line;  its  middle 
part  has  the  appearance  of  a  transverse  slit.  Its  length  is  6  to  7.5  cm.  along  its 
anterior  wall,  and  9  cm.  along  its  posterior  wall.  It  is  constricted  at  its  commence- 
ment, dilated  in  the  middle,  and  narrowed  near  its  uterine  extremity;  it  surrounds 
the  vaginal  portion  of  the  cervix  uteri,  a  short  distance  from  the  external  orifice 
of  the  uterus,  its  attachment  extending  higher  up  on  the  posterior  than  on  the 
anterior  wall  of  the  uterus.  To  the  recess  behind  the  cervix  the  term  posterior 
fornix  is  applied,  while  the  smaller  recesses  in  front  and  at  the  sides  are  called  the 
anterior  and  lateral  fomices. 

Relations. — ^The  anterior  surfaee  of  the  vagina  is  in  relation  with  the  fundus  of  the  bladder, 
and  with  the  urethra.  Its  posterior  surfaee  is  separated  from  the  rectum  by  the  rectouterine 
excavation  in  its  upper  fourth,  and  by  the  rectovesical  fascia  in  its  middle  two-foiu*ths;  the  lower 
fourth  is  separated  from  the  anal  canal  by  the  perineal  body.  Its  sides  are  enclosed  between 
the  Levatores  ani  muscles.  As  the  terminal  portions  of  the  uretera  pass  forward  and  medial- 
ward  to  reach  the  fundus  of  the  bladder,  they  run  close  to  the  lateral  fornices  of  the  vagina,  and 
as  they  enter  the  bladder  are  slightly  in  front  of  the  anterior  fornix. 

Structure. — The  vagina  consists  of  an  internal  mucous  lining  and  a  muscular  coat  'separated 
by  a  layer  of  erectile  tissue. 

The  mucous  membrane  (tunica  mucosa)  is  continuous  above  with  that  lining  the  uterus.  Its 
inner  surface  presents  two  longitudinal  ridges,  one  on  its  anterior  and  one  on  its  posterior  wall. 
These  ridges  are  called  the  columns  of  the  vagina  and  from  them  numerous  transverse  ridges 
or  rugse  extend  outward  on  either  side.  These  rugae  are  divided  by  furrows  of  variable  depth, 
giving  to  the  mucous  membrane  the  appearance  of  being  studded  over  with  conical  projections 
or  papilUe;  they  are  most  numerous  near  the  orifice  of  the  vagina,  especially  before  parturition. 
The  epithelium  covering  the  mucous  membrane  is  of  the  stratified  squamous  variety.  The  sub- 
mucous tissue  is  very  loose,  and  contains  numerous  large  veins  which  by  their  anastomoses  form 
a  plexus,  together  with  smooth  muscular  fibres  derived  from  the  muscular  coat;  it  is  regarded 
by  Gussenbauer  as  an  erectile  tissue.    It  contains  a  number  of  mucous  crypts,  but  no  true  glands. 

The  muscular  coat  (tunica  muscularis)  consists  of  two  layers:  an  external  longitudinal,  which 
is  by  far  the  stronger,  and  an  internal  circvdar  layer.  The  longitudinal  fibres  are  continuous 
with  the  superficial  muscular  fibres  of  the  uterus.  The  strongest  fasciculi  are  those  attached 
to  the  rectovesical  fascia  on  either  side.  The  two  layers  are  not  distinctly  separable  from  each 
other,  but  are  connected  by  oblique  decussating  fasciculi,  which  pass  from  the  one  layer  to  the 
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other.  In  additioD  to  this,  the  vagina  at  its  lower  end  is  eurrounded  by  a  band  oC  striped  muscular 
fibres,  the  Bnlbouvenioiiis  (see  page  520). 

£xt«niai  to  the  muscular  coat  is  a.  layer  of  connective  tissue,  containii^  a  large  plexus  of 
bloodveasete. 

The  orectile  tiaaoe  consists  of  a  layer  of  loose  connective  tissue,  situated  between  the  mucous 
membrane  and  the  muscular  coat;  imbedded  in  it  is  a  plexus  of  large  veins,  and  numerous  bundles 
of  unstriped  muscular  Rbres,  derived  from  the  circular  muscular  layer.  The  arrangement  of  the 
veins  is  similar  to  that  found  in  other  erectile  tissues. 

Tho  Extenial  Qenital  Organs  (Partes  Genitales  Extemae  Muliebres) 

(Fig.  1057). 

The  external  genital  oiKans  of  the  female  are:  the  mons  pnbis,  the  laBia  majora 
et  mlnoia  pednndi,  the  clitoris,  the  Teetibale  of  the  Tagina,  the  bulb  of  the  Testibale, 
and  the  greater  Testibiilai  glands.   The  term  pudendum  or  Tolva,  as  generally  applied, 

includes  all  these  parts. 


Faginal  orifice 


Tio.  1057.— Eiternft]  lenital  orgmu  al  fsmale.    The  1sbi&  miDOn  hive  been  draira  Bpfttt. 

The  Mons  Pubis  {commi^sura  labionim  anterior;  mons  Veneris),  the  rounded 
eminence  in  front  of  the  pubic  symphysis,  is  formed  by  a  collection  of  fatty  tissue 
beneath  the  integument.    It  becomes  covered  with  hair  at  the  time  of  puberty. 

The  Labia  Majora  (labia  majora  ptidendi)  are  two  prominent  longitudinal  cuta- 
neous folds  which  extend  downward  and  backward  from  the  mons  pubis  and  form 
the  lateral  boundaries  of  a  fissure  or  cleft,  the  pudendal  cleft  or  rima,  into  which 
the  vagina  and  urethra  open.  Each  labium  has  two  surfaces,  an  outer,  pigmented 
and  covered  with  strong,  crisp  hairs;  and  an  inner,  smooth  and  beset  with  large 
sebaceous  follicles.  Between  the  two  there  is  a  considerable  quantity  of  areolar 
tissue,  fat,  and  a  tissue  resembling  the  dartos  tunic  of  the  scrotum,  besides  vessels. 
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nerves,  and  glands.  The  labia  are  thicker  in  front,  where  they  form  by  their 
meeting  the  anterior  labial  commissure.  Posteriorly  they  are  not  really  joined,  but 
appear  to  become  lost  in  the  neighboring  integument,  ending  close  to,  and  nearly 
parallel  with,  each  other.  Together  with  the  connecting  skin  between  them, 
they  form  the  posterior  labial  commissure  or  posterior  boundary  of  the  pudendum. 
The  interval  between  the  posterior  commissure  and  the  anus,  from  2.5  to  3  cm. 
in  length,  constitutes  the  perineum.  The  labia  majora  correspond  to  the  scrotum 
in  the  male. 

The  Labia  Minora  {labia  minora  pudendi;  nymphoB)  are  two  small  cutaneous 
folds,  situated  between  the  labia  majora,  and  extending  from  the  clitoris  obliquely 
downward,  lateralward,  and  backward  for  about  4  cm.  on  either  side  of  the  orifice 
of  the  vagina,  between  which  and  the  labia  majora  they  end;  in  the  virgin  the  pos- 
terior ends  of  the  labia  minora  are  usually  joined  across  the  middle  line  by  a  fold 
of  skin,  named  the  frenulum  of  the  labia  or  fourchette.  Anteriorly,  each  labium 
minus  divides  into  two  portions:  the  upper  division  passes  above  the  clitoris  to 
meet  its  fellow  of  the  opposite  side,  forming  a  fold  which  overhangs  the  glans 
clitoridis,  and  is  named  the  preputium  clitoridis;  the  lower  division  passes  beneath 
the  clitoris  and  becomes  united  to  its  under  surface,  forming,  w^ith  its  fellow  of  the 
opposite  side,  the  frenulum  of  the  clitoris.  On  the  opposed  surfaces  of  the  labia 
minora  are  numerous  sebaceous  follicles. 

The  Clitoris  is  an  erectile  structure,  homologous  with  the  penis.  It  is  situated 
beneath  the  anterior  labial  commissure,  partially  hidden  between  the  anterior 
ends  of  the  labia  minora.  It  consists  of  two  corpora  cavernosa,  composed  of 
erectile  tissue  enclosed  in  a  dense  layer  of  fibrous  membrane,  united  together  along 
their  medial  surfaces  by  an  incomplete  fibrous  pectiniform  septum;  each  corpus 
is  connected  to  the  rami  of  the  pubis  and  ischium  by  a  cms;  the  free  extremity 
(glans  clitoridis)  is  a  small  rounded  tubercle,  consisting  of  spongj'^  erectile  tissue, 
and  highly  sensitive.  The  clitoris  is  provided  like  the  penis,  with  a  suspensory 
ligament,  and  with  two  small  muscles,  the  Ischiocavernosi,  which  are  inserted 
into  the  crura  of  the  clitoris. 

The  Vestibule  (vestibulum  vaginae), — ^The  clef t  between  the  labia  minora  and 
behind  the  glans  clitoridis  is  named  the  vestibule  of  the  vagina:  in  it  are  seen  the 
urethral  and  vaginal  orifices  and  the  openings  of  the  ducts  of  the  greater  vestibular 
glands. 

The  external  urethral  orifice  (prificium  urethrae  externum;  urinary  meatus)  is 
placed  about  2.5  cm.  behind  the  glans  clitoridis  and  immediately  in  front  of  that 
of  the  vagina;  it  usually  assumes  the  form  of  a  short,  sagittal  cleft  with  slightly 
raised  margins. 

The  vaginal  orifice  is  a  median  slit  below  and  behind  the  opening  of  the  urethra; 
its  size  varies  inversely  with  that  of  the  hymen. 

The  hymen  is  a  thin  fold  of  mucous  membrane  situated  at  the  orifice  of  the  vagina; 
the  inner  surfaces  of  the  fold  are  normally  in  contact  with  each  other,  and  the 
vaginal  orifice  appears  as  a  cleft  between  them.  The  hymen  varies  much  in  shape. 
When  stretched,  its  commonest  form  is  that  of  a  ring,  generally  broadest  posteriorly ; 
sometimes  it  is  represented  by  a  semilunar  fold,  with  its  concave  margin  turned 
toward  the  pubes.  Occasionally  it  is  cribriform,  or  its  free  margin  forms  a  mem- 
branous fringe.  It  may  be  entirely  absent,  or  may  form  a  complete  septum  across 
the  lower  end  of  the  vagina;  the  latter  condition  is  known  as  an  imperforate  hymen. 
It  may  persist  after  copulation,  so  that  it  cannot  be  considered  as  a  test  of 
virginity.  When  the  hymen  has  been  ruptured,  small  rounded  elevations  known 
as  the  carunculae  hymeneales  are  found  as  its  remains.  Between  the  hymen  and 
the  frenulum  of  the  labia  is  a  shallow  depression,  named  the  navicular  fossa. 

The  Bulb  of  the  Vestibule  {huJbus  vestibuli;  vaginal  bulb)  is  the  homologue  of 
the  bulb  and  adjoining  part  of  the  corpus  cavernosum  urethrae  of  the  male,  and 
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consists  of  two  elongated  masses  of  erectile  tissue,  placed  one  on  either  side  of  the 
vaginal  orifice  and  united  to  each  other  in  front  by  a  narrow  median  band  tenned 
the  pars  intermedia.  Each  lateral  mass  measures  a  little  over  2.5  cm.  in  length. 
Their  posterior  ends  are  expanded  and  are  in  contact  with  the  greater  vestibular 
glands;  their  anterior  ends  are  tapered  and  joined  to  one  another  by  the  pars 
intermedia;  their  deep  surfaces  are  in  contact  with  the  inferior"^fascia  of  the  uro- 
genital diaphragm;  superficially  they  are  covered  by  the  Bulbocavemosus. 

The  Greater  Vestibular  Glands  (glandula  vestibularis  major  [Bartholini];  Bar- 
tholin's glands)  are  the  homologues  of  the  bulbo-urethral  glands  in  the  male.  They 
consist  of  two  small^  roundish  bodies  of  a  reddish-yellow  color,  situated  one  on  either 
side  of  the  vaginal  orifice  in  contact  with  the  posterior  end  of  each  lateral  mass  of 
the  bulb  of  the  vestibule.  Each  gland  opens  by  means  of  a  duct,  about  2  cm.  long, 
immediately  lateral  to  the  hymen,  in  the  groove  between  it  and  the  labium  minus. 

The  Mammae  (Mammary  Gland;  Breasts). 

The  mammae  secretes  the  milk,  and  are  accessory  glands  of  the  generative  system* 
They  exist  in  the  male  as  well  as  in  the  female;  but  in  the  former  only  in  the  rudi- 
mentary state,  unless  their  growth  is  excited  by  peculiar  circumstances.  In  the 
female  they  are  two  large  hemispherical  eminences  lying  within  the  superficial 
fascia  and  situated  on  the  front  and  sides  of  the  chest;  each  extends  from  the  second 
rib  above  to  the  sixth  rib  below,  and  from  the  side  of  the  sternum  to  near  the  mid- 
axillary  line.  Their  weight  and  dimensions  differ  at  different  periods  of  life,  and 
in  different  individuals.  Before  puberty  they  are  of  small  size,  but  enlarge  as  the 
generative  organs  become  more  completely  developed.  They  increase  during  preg- 
nancy and  especially  after  delivery,  and  become  atrophied  in  old  age.  The  left 
mamma  is  generally  a  little  larger  than  the  right.  The  deep  surface  of  each  is 
nearly  circular,  flattened,  or  slightly  concave,  and  has  its  long  diameter  directed 
upward  and  lateralward  toward  the  axilla;  it  is  separated  from  the  fascia  covering 
the  Pectoralis  major,  Serratus  anterior,  and  Obliquus  externus  abdominis  by  loose 
connective  tissue.  The  subcutaneous  surface  of  the  mamma  is  convex,  and  presents, 
just  below  the  centre,  a  small  conical  prominence,  the  papilla. 

The  Mammary  Papilla  or  Nipple  (papilla  mamrruie)  is  a  cylindrical  or  conical 
eminence  situated  about  the  level  of  the  fourth  intercostal  space.  It  is  capable 
of  undergoing  a  sort  of  erection  from  mechanical  excitement,  a  change  mainly 
due  to  the  contraction  of  its  muscular  fibres.  It  is  of  a  pink  or  brownish  hiie,  its 
surface  wrinkled  and  provided  with  secondary  papillae;  and  it  is  perforated  by  from 
fifteen  to  twenty  orifices,  the  apertures  of  the  lactiferous  ducts.  The  base  of  the 
mammary  papilla  is  surrounded  by  an  areola.  In  the  virgin  the  areola  is  of  a  delicate 
rosy  hue;  about  the  second  month  after  impregnation  it  enlarges  and  acquires  a 
darker  tinge,  and  as  pregnancy  advances  it  may  assume  a  dark  brown  or  even  black 
color.  This  color  diminishes  as  soon  as  lactation  is  over,  but  is  never  entirely 
lost  throughout  life.  These  changes  in  the  color  of  the  areola  are  of  importance 
in  forming  a  conclusion  in  a  case  of  suspected  first  pregnancy.  Near  the  base  of 
the  papilla,  and  upon  the  surface  of  the  areola,  are  numerous  large  sebaceous  glands, 
the  areolar  glands,  which  become  much  enlarged  during  lactation,  and  present 
the  appearance  of  small  tubercles  beneath  the  skin.  These  glands  secrete  a  pecu- 
liar fatty  substance,  which  serves  as  a  protection  to  the  integument  of  the  papilla 
during  the  act  of  sucking.  The  mammary  papilla  consists  of  numerous  vessels, 
intermixed  with  plain  muscular  fibres,  which  are  principally  arranged  in  a  circular 
manner  around  the  base:  some  few  fibres  radiating  from  base  to  apex. 

Structure  (Figs.  1058,  1059). — The  mamma  consists  of  gland  tissue;  of  fibrous  tissue,  con- 
necting its  lobes;  and  of  fatty  tissue  in  the  intervals  between  the  lobes.  The  gland  tissue,  when 
freed  from  fibrous  tissue  and  fat,  is  of  a  pale  reddish  color,  firm  in  texture,  flattened  from  before 
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backwaid  aod  thicker  in  the  centre  than  at  the  circumference.  The  eubcutajteous  surface  of 
tbe  mamma  presents  numerous  irregular  processes  which  project  toward  the  Bkic  and  are  joined 
to  it  by  bands  of  connective  tissue.  It  conaiets  of  numerous  lobes,  and  these  are  composed  of 
lobules,  connected  together  by  areolar  tissue,  bloodvessels,  and  ducts.  The  smallest  lobules 
consist  of  a  cluster  of  rounded  alveoli,  which  open  into  the  smallest  branches  of  the  lactiferoua 
ducts;  these  ducts  unite  to  form  larger  ducts,  and  these  end  in  a  single  canal,  corresponding  with 


Fio.  1068.— Diurcljon  of  the  lowsr  hslf  of  the  insmma  during  the  period  of  LscUtioD.    (Liuchkft.) 

one  of  the  chief  subdivisions  of  the  gland.    The  number  of  excretory  ducts  varies  from  fifteen 
to  twenty;  they  are  termed  the  tabnli  UctUeTi     They  converge  toward  tbe  areola,  beneath 
which  they  form  dilatations  or  unpnlln,  which  serve  as  reservoirs  for  the  milk,  and,  at  the  base 
of  the  papillte,  become  contracted,  and  pursue  a  straight  course  to  its  summit,  perforating  it 
by  sepiarate  orifices  considerably  narrower  than  the  ducts  themselves.     The  ducts  are  composed 
of  areolar  tissue  containing  longitudinal  and  trimsverse  elastic  fibres;  muscular  fibres  are  entirely 
absent;  they  are  lined  by  columnar  epithe- 
lium  resting    on   a   basement-membrane. 
The  epitheUum  of  the  mamma  differs  ac- 
cording to   the  state  of   activity  of   the  Alvtoli 
organ.    In  the  gland  of  a  woman  who   is 
not  pregnant  or  suckling,  the  alveoli  are 
very  small  and  solid,  being  filled  with  a 

mass  of  granular  polyhedral  cells.     During  p^ 

pr^^ancy  the  ^veoli  enlarge,  and  the  cells 
unde^o  rapid  multiplication.  At  the  com- 
mencement of  lactation,  the  cells  in  the  -^ 
centre  of  the  alveolus  undergo  fatty  degen- 
eration, and  are  eliminated  in  the  first  milk, 
ascoloatnun  corpuodefl.  The  peripheral 
cells  of  tbe  alveolus  remain,  and  form  a 
single   layer   of   granular,  short   coLumnar 

cells,  with  spherical  nuclei,  lining  the  bascv  pig.  i059.— SMtion  ot  ponioa  ol  munmB, 

ment   membrane.      The   cells,   during   the 

state  of  activity  of  the  gland,  are  capable  of  forming,  in  their  interior,  oil  globules,  which  are 
then  ejected  into  the  lumen  of  the  alveolus,  and  constitute  the  milk  globules.  When  the  acini 
are  distended  by  the  accumulation  of  the  secretion  the  lining  epithelium  becomes  flattened. 

The  flbroos  tiaana  invests  the  entire  surface  of  the  mamma,  and  sends  down  septa  between 
its  ]abee,  connecting  them  together. 

The  Mtj  tUana  covers  the  surface  of  the  gland,  and  occupies  the  interval  between  its  lobes. 
It  usually  exists  in  considerable  abundance,  and  determines  the  form  and  size  of  the  gland.  There 
is  no  fat  immediately  beneath  the  areola  and  papiUa, 
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Vessels  and  Nerves. — The  arteries  supplying  the  mammse  are  derived  from  the  thoracic 
branches  of  the  axillary,  the  intercostals,  and  the  internal  mammary.  The  yeina  describe  an 
anastomotic  circle  around  the  base  of  the  papilla,  called  by  Haller  the  drcolas  venosos.  From 
this,  large  branches  transmit  the  blood  to  the  circumference  of  the  gland,  and  end  in  the  axillary 
and  internal  manmiary  veins.  The  lymifthatics  are  described  on  page  797.  The  nerves  are 
derived  from  the  anterior  and  lateral  cutaneous  branches  of  the  fourth,  fifth,  and  sixth  thoracic 
nerves. 

Applied  Anatomy. — ^The  ducts  descending  from  the  mammary  papilla  radiate  through  the 
gland,  and  when  an  incision  is  made  into  the  breast  the  scalpel  should  be  directed  radially,  from 
the  centre  to  the  periphery,  so  that  it  may  not  pass  across  the  ducts.  A  milk  duct  may  become 
obstructed  and  distended,  forming  a  tumor  known  as  a  gdLactacele.  Abscess  frequently  occurs 
about  the  mamma,  and  most  often 'in  women  who  are  lactating,  especially  those  who  have  cracks 
or  fissures  about  the  papilla.  The  abscess  may  lie  between  the  septa,  in  the  gland  tissue  itself; 
or  it  may  lie  beneath  the  skin  by  the  side  of  the  papilla  and  superficial  to  the  mamma  or  it  may 
form  beneath  it,  between  the  mamma  and  the  deep  fascia.  Free  incision,  radiating  from  the 
papilla,  is  required  in  such  cases. 

Cystic  formation  of  many  different  kinds  is  commonly  seen  in  the  mamma;  in  some  cases  it  is 
due  to  dilatation  of  the  larger  ducts  or  of  the  lymph  spaces  throughout  the  gland;  in  others  the 
cysts  occur  in  new  growths  of  the  mamma,  or  as  the  result  of  obstruction  of  the  smaller  ducts  by 
chronic  inflammatory  processes. 

Malignant  growths  are  seen  more  often  in  the  mamma  than  in  any  other  organ;  they  are  of 
great  variety,  but  the  commonest  is  the  spheroidal-celled  cancer,  the  cells  of  which  are  inter- 
mingled with  a  varying  amount  of  fibrous  tissue.  A  hard  contracting  tumor  mass  results,  which 
drags  on  the  fibrous  septa  between  the  lobes  so  that  fixation  or  retraction  of  the  papilla  ensues, 
and  sooner  or  later  the  malignant  infiltration  invades  the  surrounding  gland  tissues,  the  skin, 
the  deep  fascia  and  Pectorales,  and  even  the  chest  wall  and  pleura.  The  lymph  glands  beneath 
the  Pectorales  and  those  situated  toward  the  apex  of  the  axilla  become  early  involved  with 
secondary  malignant  deposit,  and  later  the  supraclavicular  glands  enlarge.  In  other  cases  the 
mediastinal  glands  may  be  involved,  when  the  disease  is  situated  on  the  medial  side  of  the 
papilla. 

The  operation  for  removal  of  a  mamma  affected  with  malignant  disease  should  be  an  extensive 
procedure,  with  the  object  of  extirpating  all  fascial  planes  and  lymphatic  structures  that  may  be 
infected.  The  incision  commences  below,  over  the  upper  part  of  the  sheath  of  the  Rectus,  encloses 
the  mamma  by  an  ellipse,  and  is  then  continued  on  toward  the  apex  of  the  axilla.  The  skin  is 
reflected  on  both  sides  of  the  incision;  anteriorly,  until  the  sternum  is  reached,  and  posteriorly 
to  the  posterior  boundary  of  the  axilla.  The  origin  of  the  sternal  portion  of  the  Pectoralisnxajor 
is  then  divided  and  turned  outward.  The  Pectoralis  minor  is  next  seen,  and  its  origin  is  then 
divided  in  a  similar  manner.  The  whole  of  the  muscular  and  fascial  planes  of  the  front  of  the 
chest  are  thus  separated  en  massey  canning  with  them  the  mamma  and  the  skin  covering  it.  The 
insertions  of  the  two  Pectorales  have  next  to  be  divided,  and  finally  the  axillary  lymph  glands 
and  fat  are  removed  from  the  axillary  vessels  in  one  piece  with  the  mass  of  tissue  already  detached. 
This  is  done  by  first  freely  exposing  the  whole  length  of  the  axillary  vein  and  then,  with  a  blunt 
instrument,  peeling  the  structures  off  the  vein  from  above  downward,  from  the  point  where  they 
are  crossed  by  the  Subclavius  muscle  to  the  lower  border  of  the  axilla.  In  this  part  of  the  opersr 
tion  many  branches  of  both  vein  and  artery  require  ligature.  The  only  thing  which  then  remains 
to  be  divided  is  the  deep  fascia  along  the  posterior  axillary  wall.  The  wound  is  then  closed, 
drainage  is  provided,  and  firm  pressure  is  applied  with  the  dressings.  It  will  be  noted  that  the 
clavicular  portion  of  the  Pectoralis  major  is  left  intact,  as  it  is  of  considerable  service  for 
the  subsequent  movements  of  the  arm,  the  utility  of  which  is  but  slightly  impaired. 


THE  DUCTLESS  GLANDS. 

There  are  certain  organs  which  are  very  similar  to  secreting  glands,  but  differ 
from  them  in  one  essential  particular,  viz.,  they  do  not  possess  any  ducts  by  which 
their  secretion  is  discharged.  These  organs  are  known  as  ductless  glands.  The^ 
are  capable  of  internal  secretion — that  is  to  say,  of  forming,  from  materials  brought 
to  them  in  the  blood,  substances  which  have  a  certain  influence  upon  the  nutritive 
and  other  changes  going  on  in  the  body.  This  secretion  is  carried  into  the  blood 
stream,  either  directly  by  the  veins  or  indirectly  through  the  medium  of  the 
lymphatics. 

These  glands  include  the  thyroid  and  the  parathyroids,  the  thymus,  the  spleen, 
the  suprarenal  glands,  and  the  glomus  caroticum  and  glomus  coccygeum,  which  will 


THE  THYmiD  GLAND  1261 

be  described  in  this  section.  They  also  include  the  lymph  {lands,  which  have 
already  been  described  in  the  section  on  Angiology;  and  the  pineal  gland  and 
hjrpophysis  cerebri  described  in  the  section  on  Neurology. 

THE  THTBOn)  GLAND  (GLANDULA  THTBEIODEA;  TSTBOID  BODT) 

(Fig.  1060). 

The  thyroid  gland  is  a  highly  vascular  organ,  situated  at  the  front  and  sides  of 
the  neck;  it  consists  of  right  and  left  lobes  connected  across  the  middle  line  by  a 
narrow  portion,  the  isthmus.  Its  weight  is  somewhat  variable,  but  is  usually  about 
30  grams.  It  is  slightly  heavier  in  the  female,  in  whom  it  becomes  enlarged  during 
menstruation  and  pregnancy. 


•  thyroid  artery 
r  lij/mid  vein 


Fia.  1(M0.— Tbe  thytoEd  gland  and  iU  reUtioiu. 

The  lobes  {lobuli  gl.  tkyreoideae)  are  conical  in  shape,  the  apex  of  each  being 
directed  upward  and  lateralward  as  far  as  the  junction  of  the  middle  with  the  lower 
third  of  the  thyroid  cartilage;  the  base  looks  downward,  and  is  on  a  level  with  the 
fifth  or  sixth  tracheal  ring.  Each  lobe  is  about  5  cm.  long;  its  greatest  width  is 
about  3  cm.,  and  its  thickness  about  2  cm.  The  lateral  or  superficial  snrf&ce  is  con- 
vex, and  covered  by  the  skin,  the  .superficial  and  deep  fasciie,  the  Stemocleido- 
mastoideus,  the  superior  belly  of  the  Omohyoideus,  the  Stemohyoideus  and  Stemo- 
thyreoideus,  and  beneath  the  last  muscle  by  the  pretracheal  layer  of  the  deep 
fascia,  which  forms  a  capsule  for  the  gland.  The  deep  or  medial  surface  is  moulded 
over  the  underlying  structures,  viz.,  the  thyroid  and  cricoid  cartilages,  the  trachea, 
the  Constrictor  phaiyngis  inferior  and  posterior  part  of  the  Cricothyreoideus, 
the  oesophagus  (particularly  on  the  left  side  of  the  neck),  the  superior  and  inferior 
thyroid  acteries,  and  the  recurrent  nerves.  The  anterior  border  is  thin,  and  inclines 
obliquely  from  above  downward  toward  the  middle  line  of  the  neck,  while  the 
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posterior  border  is  thick  and  overlaps  the  common  carotid  artery,  and,  as  a  rule, 
the  parathyroids. 

The  isthmus  (isthmus  gl.  thyreoidea)  connects  together  the  lower  thirds  of  the 
lobes;  it  measures  about  1.25  cm.  in  breadth,  and  the  same  in  depth,  and  usually 
covers  the  second  and  third  rings  of  the  trachea.  Its  situation  and  size  present, 
however,  many  variations.  In  the  middle  line  of  the  neck  it  is  covered  by  the  skin 
and  fascia,  and  close  to  the  middle  line,  on  either  side,  by  the  Sternothyreoideus. 
Across  its  upper  border  runs  an  anastomotic  branch  uniting  the  two  superior 
thyroid  arteries;  at  its  lower  border  are  the  inferior  thyroid  veins.  Sometimes  the 
isthmus  is  altogether  wanting. 

A  third  lobe,  of  conical  shape,  called  the  pjramidal  lobe,  frequently  arises  from 
the  upper  part  of  the  isthmus,  or  from  the  adjacent  portion  of  either  lobe,  but 
most  commonly  the  left,  and  ascends  as  far  as  the  hyoid  bone.  It  is  occasionally 
quite  detached,  or  may  be  divided  into  two  or  more  parts. 

A  fibrous  or  muscular  band  is  sometimes  found  attached,  above,  to  the  body 
of  the  hyoid  bone,  and  below  to  the  isthmus  of  the  gland,  or  its  pyramidal  lobe. 
When  muscular,  it  is  termed  the  Levator  glandolae  thrreoidese. 

Small  detached  portions  of  thyroid  tissue  are  sometimes  found  in  the  vicinity 
of  the  lateral  lobes  or  above  the  isthmus;  they  are  called  accessor;  thTiold  glands 
{ghmdulae  thyremdeae  accessoriae). 


Fio.  lOei.^SwUoii  of  thyrmd  lUod  al  abtep.     X  ISO. 

Straetore. — The  thyroid  gland  is  invested  by  a  Ihin  capeule  of  connective  tissue,  which  pro- 
jects into  ita  substance  and  imperfectly  divides  it  into  masses  of  iiregulai'  form  and  eize.  When 
the  organ  is  cut  into,  it  is  of  a  brownish-red  color,  and  is  seen  to  be  made  up  of  a  number  of 
closed  vesicles,  containing  a  yellow  glairy  fluid,  and  separated  from  each  other  by  intermediate 
connecldve  tissue  <Fig.  1061). 

The  vesicles  o(  the  thyroid  of  the  adult  animal  are  generally  closed  spherical  sacs;  but  in  some 
young  animals,  e.  g.,  young  dogs,  the  vesicles  are  more  or  less  tubular  and  branched.  This 
appearance  is  supposed  to  be  due  to  the  mode  of  growth  of  the  gland,  and  merely  indicates  that 
an  increase  in  the  number  of  vesicles  is  taking  place.  Each  vesicle  is  lined  by  a  smgle  layer  of 
cubical  epithelium.  There  does  not  appear  to  be  a  basement-membrane,  so  that  the  epithelial 
cells  are  in  direct  contact  with  the  connective-tissue  reticulum  which  supports  the  acini.  The 
vesicles  are  of  various  sizes  and  shapes,  and  contain  as  a  normal  product  a  viscid,  homogeneous, 
semifluid,  aUghtly  yellowish,  colloid  material;  red  corpuscles  are  found  ia  it  in  various  stages 
of  disintegration  and  decolorization,  the  yellow  tinge  being  probably  due  to  the  hemoglobin, 
which  is  thus  set  free  from  the  colored  corpuscles.  The  colloid  material  contains  an  iodine  com- 
pound, iodotkyrin,  and  is  readily  stained  by  eosin.  It  passes  out  between  the  cubical  cells  and 
is  absorbed  into  the  blood  or  lymph. 

VoRsals  and  Norves, — The  arteries  supplying  the  thyroid  gland  are  the  superior  and  inferior 
thyroids  and  sometimes  an  additional  branch  (thyroidea  ima)  from  the  innominate  artery  or  the 
arch  of  the  aorta,  which  ascends  upon  the  front  of  the  trachea.  The  arteries  are  remarkable 
for  their  lat^e  size  and  frequent  anastomoses.    The  veins  form  a  plexus  on  the  surface  of  the 
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gland  and  on  the  front  of  the  trachea;  from  this  plexus  tKe  superior,  middle,  and  inferior  thyroid 
veins  arise;  the  superior  and  middle  end  in  the  internal  jugular,  the  inferior  in  the  innominate 
vein.  The  capillary  bloodvessels  form  a  dense  plexus  in  the  connective  tissue  around  the  vesicles, 
between  the  epithelium  of  the  vesicles  and  the  endothelium  of  the  lymphatics,  which  surround 
a  greater  or  smaller  part  of  the  circumference  of  the  vesicle.  The  lymphatic  vessels  run  in  the 
interlobular  connective  tissue,  not  uncommonly  surrounding  the  arteries  which  they  accompany, 
and  communicate  with  a  net- work  in  the  capsule  of  the  gland;  they  may  contain  colloid  material. 
They  end  in  the  thoracic  and  right  lymphatic  trunks.  The  nerves  are  derived  from  the  middle 
and  inferior  cervical  ganglia  of  the  sympathetic. 

Applied  Anatomy. — ^An  enlargement  of  the  thyroid  gland  is  called  a  goitre.  The  swelling  may 
take  the  form  of  a  diffuse  hypertrophy  of  the  whole  gland,  giving  rise  to  the  parenchymaUms  goitre^ 
this  being  mainly  due  to  the  hypertrophy  of  the  thyroid  follicles  themselves;  in  other  cases  a 
fibroid  form  of  goitre  is  produced  owing  to  the  increase  in  the  interstitial  connective  tissue;  in 
others,  again,  the  vascular  changes  may  preponderate,  and  many  large  pulsating  vessels  may 
be  present.  Much  more  commonly,  however,  the  enlargement  is  due  to  adenomatous  new  growth 
in  the  substance  of  the  thyroid;  these  tumors  are  always  innocent,  and  tend  to  destroy  life  only 
by  pressure  on  the  air  passages.  A  single  tumor  is  the  rule,  but  in  some  instances  a  very  large 
number  may  be  present.  They  tend  to  show  marked  mucoid  degeneration,  and  so  become  con- 
verted into  c3rst-adenomata,  and  finally  into  what  appear  to  be  simple  cysts.  These  tumors 
may  attain  an  enormous  size  and  may  involve  practically  the  whole  gland.  Malignant  timior- 
growth  more  rarely  attacks  the  organ. 

When,  in  spite  of  treatment,  a  goitre  continues  to  grow,  and  especially  when  there  are  com- 
mencing S3rmptoms  of  tracheal  pressure,  operative  interference  becomes  necessary.  This  is  not 
difficult,  if  an  encapsuled  tumor  is  to  be  dealt  with,  provided  the  anatomical  layers  covering 
it  are  remembered.  In  such  a  case  it  is  necessary  to  make  an  incision  suited  to  the  size  and 
situation  of  the  tumor,  and  having  divided  the  deep  cervical  fascia,  to  retra<;t  the  Stemocleido- 
mastoideus  or  divide  it  if  necessary.  The  Stemohyoideus  and  Stemothyreoideus  next  require 
division,  or  in  some  cases  their  fibres  may  be  separated  and  ditiwn  asimder,  and  beneath  is  found 
the  ensheathing  capsule  derived  from  the  pretracheal  fascia;  this  requires  division,  and  exposes 
the  true  capsule  of  the  thyroid  gland.  In  the  case  of  an  adenoma  or  cyst,  this  true  capsule  then 
needs  incision  before  the  tumor  can  be  effectually  shelled  out,  and  this  is  usually  accomplished 
with  very  little  hemorrhage,  and  without  any  of  the  main  vessels  of  the  gland  requiring  ligature. 

Partial  extirpation  of  the  thyroid,  viz.,  the  removal  of  one  lateral  lobe  with  division  of  the 
isthmus,  may  be  required  in  cases  of  parenchymatous  goitre,  and  in  the  diffuse  form  of  adenoma- 
tous disease.  It  is  a  more  radical  proceeding,  and  carries  with  it  a  much  greater  risk  from  hemor- 
rhage; there  is  also  a  danger  of  wounding  the  recurrent  nerve.  The  whole  gland  must  never  be 
removed,  as  such  a  procedure  is  followed  by  the  development  of  myxedema.  In  hemithyroid- 
ectomy  a  free  incision  is  indicated — dividing  muscles,  if  necessary — to  expose  the  true  gland  cap- 
sule, but  at  the  same  time  avoiding  injury  to  the  large  vessels  which  lie  beneath  it.  The  superior 
and  inferior  pedicles  containing  the  respective  thyroid  arteries  are  then  isolated  and  clamped 
on  either  side  and  divided  between  the  clamps.  The  half  gland  is  then  turned  over  toward  the 
middle  line,  and  the  isthmus  ligatured  and  divided.  Some  venous  bleeding  is  apt  to  occur  from 
connections  with  the  tracheal  veins,  and  must  be  stopped.  The  pedicles  are  then  securely  ligar 
tured  and  the  woimd  closed.  In  dealing  with  the  inferior  thyroid  artery,  the  position  of  the 
rec'jtrent  nerve  must  be  borne  in  mind,  so  as  not  to  ligature  or  divide  it.  Temporary  aphonia 
.  not  uncommonly  follows  from  bruising  of  the  nerve,  and  if  nothing  more  serious  has  occurred 
soon  passes  off. 

THE  PABATHTROm   GLANDS. 

The  parathyroid  glands  are  small  brownish-red  bodies,  situated  as  a  rule  between 
the  posterior  borders  of  the  lateral  lobes  of  the  thyroid  gland  and  its  capsule. 
They  differ  from  it  in  structure,  being  composed  of  masses  of  cells  arranged  in  a 
more  or  less  columnar  fashion  with  numerous  intervening  capillaries.  They  meas- 
ure on  an  average  about  6  mm.  in  length,  and  from  3  to  4  mm.  in  breadth,  and 
usually  present  the  appearance  of  flattened  oval  disks.  They  are  divided,  accord- 
ing to  their  situation,  into  superior  and  inferior.  The  superior,  usually  two  in  number, 
are  the  more  constant  in  position,  and  are  situated,  one  on  either  side,  at  the  level 
of  the  lower  border  of  the  cricoid  cartilage,  behind  the  junction  of  the  phar^'nx 
and  oesophagus.  The  inferioj,  also  usually  two  in  number,  may  be  applied  to  the 
lower  edge  of  the  lateral  lobes,  or  placed  at  some  little  distance  below  the  thyroid 
gland,  or  found  in  relation  to  one  of  the  inferior  thyroid  veins.^ 

*  CooBult  an  article  "Concerning  the  Parathyroid  Glands,"  by  D.  A.  Welsh,  Journal  of  Anatomy  and  Physiology, 
vol.  xxzii. 
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In  man,  they  number  four  as  a  rule;  fewer  than  four  were  found  in  less  than  1 
per  cent,  of  over  a  thousand  persons  (Pepere'),  but  more  than  four  in  over  33  per 
cent,  of  122  bodies  examined  by  Civalleri.  In  addition,  numerous  minute  islands 
of  parathyroid  tissue  may  be  found  scattered  in  the  connective  tissue  and  fat  of 
the  neck  around  the  parathyroid  glands  proper,  and  quite  distinct  from  them. 

Btntcture.— Microscopically  the  parathyroids  consist  of  intercomiaunicatiiig  columiiB  of 
cells  supported  by  connective  tissue  containinj?  a  rich  supply  of  blood  capillaries.  Most  of  the 
cells  are  clear,  hut  some,  larger  in  size,  contain  oxyphil  granules.  Vesicles  containing  coUoid 
have  beeo  described  as  occurring  in  the  parathyroid,  but  the  observation  has  not  been  confirmed. 

Applied  Anatomj. — No  doubt  the  parathyroid  glands  produce  an  internal  secretion  essential 
to  the  well-being  of  the  human  economy;  but  it  is  still  a  matter  of  dispute  what  symptoms  of 
disease  are  produced  by  their  removal  and  suppression  of  their  secretion.  Pepere  believes  that 
they  show  signs  of  exceptional  activity  during  pregnancy,  and  that  parathyroid  insufficiency 
is  a  main  factor  in  the  production  of  t«tany  in  infanta  and  adults,  of  eclampsia,  and  of  certain 
sorts  of  fits. 

THE  THYMUS  (THTMU8  GLANDS)  (Fig.  1062). 

The  thymns  is  a  temporary  organ,  attaining  its  largest  size  at  the  time  of 
puberty  (Hammax),  when  it  ceases  to  grow,  gradually  dwindles,  and  almost 
disappears.  If  examined  when  its  growth  is  most  active,  it  will  be  found  to  con- 
sist of  two  lateral  lobes  placed  in  close  contact  along  the  middle  line,  situated 
partly  in  the  thorax,  partly  in  the  neck,  and  extending  from  the  fourth  costal 
cartilage  upward,  as  high  as  the  lower  border  of  the  thyroid  gland.  It  is  covered 
by  the  sternum,  and  by  the  origins  of  the  Stemohyoidei  and  Sternothyreoidei. 


Fia.  1082,— The  thymiu  o(  i  fuU-time  ietm,  eiposed  in  lihi. 

Below,  it  rests  upon  the  pericardium,  being  separated  from  the  aortic  arch  and 
great  vessels  by  a  layer  of  fascia.  In  the  neck  it  lies  on  the  front  and  sides  of  the 
trachea,  behind  the  Stemohyoidei  and  Sternothjreoidei.  The  two  lobes  generally 
differ  in  size;  they  are  occasionally  united,  so  as  to  form  a  single  mass;  and  some- 
times separated  by  an  intermediate  lobe.  The  thymus  is  of  a  pinkish-gray  color, 
soft,  and  lobulated  on  its  surfaces.  It  is  about  5  cm.  in  length,  4  cm.  in  breadth 
below,  and  about  6  mm.  in  thickness.    At  birth  it  weighs  about  15  grams. 


—Each  lateral  lobe  is  composed  of  numeroue  lobules  held  together  by  delicate 
areolar  tissue;  the  entire  gland  being  enclosed  in  an  inveating  capsule  of  a  similar  but  denser 
structure.  The  primary  lobules  vary  in  size  from  that  of  a  pin's  head  to  that  of  a  small  pea,  and 
are  made  up  of  a  number  of  small  nodules  or  follicles,  which  are  irregular  in  shape  and  are  more 
or  less  fused  together,  especially  toward  the  interior  of  the  gland.    Each  follicle  is  from  1  to  2  mm. 

1  CoMult  Le  Ghiandalfl  patBlirDitiee.  by  A.  Pepere.  Turin,  1906. 
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in  diameter  and  conmata  of  a  meduUary  and  a  cortical  portion,  and  these  differ  in  many  eaaential 
particulars  from  each  other.  The  coctiul  portion  is  mainly  composed  of  lymphoid  cells,  supported 
by  a  network  of  finely  branched  cells,  which  is  continuous  with  a  similar  network  in  the  meduUary 
portion.  This  network  forms  an  adventitia  to  the  btoodvesaels.  In.  the  medoU&ry  portion  the 
reticulum  is  coarser  than  in  the  cortex,  the  lymphoid  cells  are  relatively  fewer  in  number,  and 
there  are  found  peculiar  neat^like  bodies,  the  concentric  corpuaclea  of  Hassall.  These  concentric 
corpuscles  are  composed  of  a  central  mass,  consisting  of  one  or  more  granular  cells,  and  of  a 
capBule  -which  is  formed  of  epithelioid  cells  (Fig.  1063).  They  are  the  remains  of  the  epithelial 
tubes  which  grow  out  from  the  third  branchial  pouches  of  the  embryo  to  form  the  thymus. 


A    .^'^^i. 
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Each  follicle  is  surrounded  by  a  vascular  plexus,  from  which  vessels  pass  into  the  interior, 
and  radiate  from  the  periphery  toward  the  centre,  farming  a  second  zone  just  within  the  margin 
of  the  medullary  portion.  In  the  centre  of  the  medullary  portion  there  are  very  few  vessels,  and 
they  are  of  minute  size. 

Watney  has  made  the  important  observation  that  hemoglobin  is  found  in  tbe  thymus,  either 
in  cysts  or  in  cells  situated  near  to,  or  forming  part  of,  the  concentric  corpuscles.  This  hemo- 
globin occurs  as  granules  or  as  circular  masses  exactly  resembling  colored  blood  corpuscles.  He 
has  also  discovered,  in  the  lymph  issuing  from  the  thymus,  similar  cells  to  those  found  in  the 
gland,  and,  like  them,  containing  hemoglobin  in  the  form  of  either  granules  or  masses.  From 
these  facts  he  arrives  at  the  conclusion  that  the  gland  is  one  source  of  the  colored  blood  corpuscles. 
More  recently  Schaffer  has  observed  actual  nucleated  red-blood  corpuscles  in  the  thymus. 

VuselB  and  NerrSB. — The  arterloa  supplying  the  thymus  are  derived  from  the  internal 
mammary,  and  from  the  superior  and  inferior  thyroids.  The  veins  end  in  the  left  innominate 
vein,  and  in  the  thyroid  veins.  The  lympliaticB  are  described  on  page  779.  The  nerrea  are 
exceedingly  minute;  they  are  derived  from  the  vagi  and  sympathetic.  Branches  from  the  descen- 
dens  hypoglosei  and  phrenic  reach  the  investing  capsule,  but  do  not  penetrate  into  the  substance 
of  the  gland. 
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Applied  Anatomy. — Sudden  death — Aj/mua  death — with  heart-failure,  and  with  or  without 
acute  respiratory  embarrassmeDt,  has  been  recorded  in  a  number  of  infanta  and  children]in 
whom  the  thymus  was  considerably  eulai^ed  and  the  lymphatic  tissues  throughout  the  body 
showed  general  hypertrophy,  but  who  ehowed  no  Other  evidence  of  disease.  Such  deaths  have 
often  occurred  during  the  administration  of  anesthetics,  particularly  chloroform.  How  far  the 
enlarged  thymus  was  responsible  for  the  death  of  these  patients,  and,  if  it  was  reaponaible,  how 
far  ita  action  was  mechanical,  are  point*  that  have  been  much  disputed.  Short  of  producing 
this  sudden  death,  it  appears  that  thymic  enlargement  may  cause  attacks  of  respiratory  stridor, 
or  noisy  and  difficult  breathing,  and  spasmodic  attacks  of  asthma — thymic  asthma — which  may 
be  frequently  repeated  and  may  even  result  in  death.  Primary  tumors  of  the  thymus  are  rare 
forma  of  mediastinal  new  growth,  and  are  usually  dermoids  or  lymphosarcomas. 

THE  SPLEEN   (LIBH).       \^ 

The  spleen  is  sittiated  principally  in  the  left  hypochondriac  region,  but  its  supe- 
rior extremity  extends  into  the  epigastric  region;  it  lies  between  the  fundus  of  the 
stomach  and  the  Diaphragma.  It  is  the  largest  of  the  ductless  glands,  and  is  of 
an  oblong,  flattened  form,  soft,  of  very  friable  consistence,  highly  vascular,  and 
of  a  dark  purplish  color. 

BeUtioiifl. — The  dlkphracmatio  inrface  (faeki  diaphragnuUiai;  external  or  phrfnic  mr^ace)  is 
convex,  smooth,  and  is  directed  upward,  backward,  and  to  the  left,  except  at  its  upper  end, 
where  it  is  directed  slightly  mediat,ward.  It  is  in  relation  with  the  under  surface  of  the  Dia- 
phragma, which  separates  it  from  the  ninth,  tenth,  and  eleventh  ribs  of  the  left  side,  and  the 
intervening  lower  border  of  the  left  lung  and  pleura. 

The  viacertl  nnitmce  (Pig.  1064)  is  divided  by  a  ridge  into  an  anterior  or  futiic  and  a  poitetior 
or  renal  portion. 


Fia.  1004.— The  visceral  aurface  of  the  ip]aeb. 

The  fUttic  inrfMe  {faciei  gastrica),  which  is  directed  forward,  upward,  and  medialward,  is 
broad  and  concave,  and  is  in  contact  with  the  posterior  wall  of  the  stomach;  and  below  this 
with  the  tail  of  the  pancreas.  It  presents  near  ita  medial  border  a  long  fissure,  termed  the  hilus. 
This  is  pierced  by  several  irregular  apertures,  for  the  entrance  and  exit  of  vessels  and  nerves. 

The  renal  anrface  {Jades  renalie)  is  directed  medialward  and  downward.  It  is  somewhat 
flattened,  is  considerably  narrower  than  the  gastric  surface,  and  is  in  relation  with  the  upper 
part  of  the  anterior  surface  of  the  left  kidney  and  occasionally  with  the  left  suprarenal  gland. 
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The  superior  extremity  (eztremiias  superior)  is  directed  toward  the  vertebral  column,  where 
it  lies  on  a  level  with  the  eleventh  thoracic  vertebra.  The  lower  extremity  or  colic  surface 
(extremitas  inferior)  is  flat,  trisjigular  in  shape,  and  rests  upon  the  left  flexure  of  the  colon  and 
the  phrenicocolic  ligament,  and  is  generally  in  contact  with  the  tail  of  the  pancreas.  The  anterior 
border  {margo  anterior)  is  free,  sharp,  and  thin,  and  is  often  notched,  especially  below;  it  separ- 
ates the  diaphragmatic  from  the  gastric  surface.  The  posterior  border  (margo  posterior)  ^  more 
rounded  and  blunter  than  the  anterior,  separates  the  renal  from  the  diaphragmatic  siurface; 
it  corresponds  to  the  lower  border  of  the  eleventh  rib  and  lies  between  the  Diaphragma  and  left 
kidney.  The  intermediate  margin  is  the  ridge  which  separates  the  renal  and  gastric  siurfaces. 
The  ioferior  border  (internal  border)  separates  the  diaphragmatic  from  the  colic  surface. 

The  spleen  is  almost  entirely  surrounded  by  peritoneum,  which  is  firmly  adherent  to  its  cap- 
sule. It  is  held  in  position  by  two  folds  of  this  membrane.  One,  the  phrenicolienal  ligament, 
is  derived  from  the  peritoneum,  where  the  wall  of  the  general  peritoneal  cavity  comes  into  contact 
with  the  omental  bursa  between  the  left  kidney  and  the  spleen;  the  lienal  vessels  pass  between  its 
two  layers  (Fig.  965).  The  other  fold,  the  gastrolienal  ligament,  is  also  formed  of  two  layers, 
derived  from  the  general  peritoneal  cavity  and  the  omental  bursa  respectively,  where  they  meet 
between  the  spleen  and  stomach  (Fig.  965);  the  short  gastric  and  left  gastroepiploic  branches 
of  the  lienal  artery  run  between  its  two  layers.  The  lower  end  of  the  spleen  is  supported  by  the 
phrenicocolic  ligament  (see  page  1157). 

The  size  and  weight  of  the  spleen  are  liable  to  very  extreme  variations  at  different  periods 
of  life,  in  different  individuals,  and  in  the  same  individual  under  different  conditions.  In  the 
adult f  it  is  usually  about  12  cm.  in  length,  7  cm.  in  breadth,  and  3  or  4  cm.  in  thickness,  and 
weighs  about  ^00  grams.  At  hirthj  its  weight,  in  proportion  to  the  entire  body,  is  almost  equal 
to  what  is  observed  in  the  adult,  being  as  1  to  350;  while  in  the  adult  it  varies  from  1  to  320  and 
400.  In  old  age,  the  organ  not  only  diminishes  in  weight,  but  decreases  considerably  in  propor- 
tion to  the  entire  body,  being  as  1  to  700.  The  size  of  the  spleen  is  increased  during  and  after 
digestion,  and  varies  according  to  the  state  of  nutrition  of  the  body,  being  large  in  highly  fed, 
and  small  in  starved  animals.  In  malarial  fever  it  becomes  much  enlarged,  weighing  occasionally 
as  much  as  9  kilos. 

Frequently  in  the  neighborhood  of  the  spleen,  and  especially  in  the  gastrolienal  ligament  and 
greater  omentum,  small  nodules  of  splenic  tissue  may  be  found,  either  isolated  or  connected 
to  the  spleen  by  thin  bands  of  splenic  tissue.  They  are  known  as  accessory  spleens  (lien  accea- 
sorius;  supernumerary  spleen).    They  vary  in  size  from  that  of  a  pea  to  that  of  a  plum. 

Stractore. — The  spleen  is  invest^  by  two  coats:  an  external  serous  and  an  internal  flbro- 
elastic  coat. 

The  external  or  serous  coat  (tunica  serosa)  is  derived  from  the  peritoneum;  it  is  thin,  smooth, 
and  in  the  human  subject  intimately  adherent  to  the  fibroelastic  coat.  It  invests  the  entire 
organ,  except  at  the  hilus  and  along  the  lines  of  reflection  of  the  phrenicolienal  and  gastrolienal 
ligaments. 

The  fibroelastic  coat  (tunica  aUmginea)  invests  the  organ,  and  at  the  hilus  is  reflected  inward 
upon  the  vessels  in  the  form  of  sheaths.  From  these  sheaths,  as  well  as  from  the  inner  surface 
of  the  fibroelastic  coat,  numerous  small  fibrous  bands,  trabecuto  (Fig.  1065),  are  given  off  in  all 
directions;  these  uniting,  constitute  the  frame- work  of  the  spleen.  The  spleen  therefore  consists 
of  a  number  of  small  spaces  or  areola,  formed  by  the  trabeculse;  in  these  areolae  is  contained 
the  splenic  puU). 

The  fibroelastic  coat,  the  sheaths  of  the  vessels,  and  the  trabeculse,  are  composed  of  white  and 
yellow  elastic  fibrous  tissues,  the  latter  predominating.  It  is  owing  to  the  presence  of  the  elastic 
tissue  that  the  spleen  possesses  a  considerable  amount  of  elasticity,  which  allows  of  the  very 
great  variations  in  size  that  it  presents  under  certain  circumstances.  In  addition  to  these 
constituents  of  this  tunic,  there  is  found  in  man  a  small  amount  of  non-striped  muscular  fibre; 
and  in  some  mammalia,  e.  g.j  dog,  pig,  and  cat,  a  large  amount,  so  that  the  trabecule  appear 
to  consist  chiefly  of  muscular  tissue. 

The  splenic  pulp  (pulpa  lienis)  is  a  soft  mass  of  a  dark  reddish-brown  color,  resembling  gnmious 
blood;  it  consists  of  a  fine  reticulum  of  fibres,  continuous  with  those  of  the  trabeculse,  to  which 
are  applied  flat,  branching  cells.  The  meshes  of  the  reticulum  are  filled  with  blood,  in  which, 
however,  the  white  corpuscles  are  found  to  be  in  larger  proportion  than  they  are  in  ordinary 
blood.  Large  rounded  cells,  termed  splenic  cells,  are  also  seen;  these  are  capable  of  amoeboid 
movement,  and  often  contain  pigment  and  red-blood  corpuscles  in  their  interior.  The  cells  of 
the  reticulum  each  possess  a  round  or  oval  nucleus,  and  like  the  splenic  cells,  they  may  contain 
pigment  granules  in  their  cytoplasm;  they  do  not  stain  deeply  with  carmine,  and  in  this  respect 
differ  from  the  cells  of  the  Malpighian  bodies.  In  the  young  spleen,  giant  cells  may  also  be  found, 
each  containing  numerous  nuclei  or  one  compound  nucleus.  Nucleated  red-blood  corpuscles 
have  also  been  found  in  the  spleen  of  young  animals. 

Bloodvessels  of  the  Spleen. — ^The  lienal  artery  is  remarkable  for  its  large  size  in  proportion 
to  the  size  of  the  organ,  and  also  for  its  tortuous  course.  It  divides  into  six  or  more  branches, 
which  enter  the  hilus  of  the  spleen  and  ramify  throughout  its  substance  (Fig.  1066),  receiving 
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sheaths  from  an  involution  of  the  external  fibrous  tissue.    Similar  aheaths  also  invest  the  nerves 

Each  branch  runs  in  the  transverse  axis  of  the  organ,  from  witliin  outward,  ditninishing  in 
size  during  its  tranait,  and  giving  off  in  its  passage  smaller  branches,  some  of  which  pass  to  the 
anterior,  others  to  the  posterior  part.  These  ultimately  leave  the  trabecular  sheaths,  and  ter- 
minate in  the  proper  substance  of  the  spleen  in  small  tufts  or  pencils  of  minute  arteriolee,  which 
open  into  the  interstices  of  the  reticulum  formed  by  the  branched  sustentacular  cells.  Each  of 
the  larger  branches  of  the  artery  supplies  chiefly  that  region  of  the  organ  in  which  the  branch 
ramifies,  having  no  anastomosis  with  the  majority  of  the  other  branches. 


Fia.  lOeS.— TnniverH  Bction  of  the  iplKn.  ihowisc  the  trabeculac  tiuue  and  the  ipleiiic  vein  tad  its  tributuw. 

The  arteriolM  supported  by  the  minute  trabecule,  traverse  the  pulp  in  all  directions  in  bundles 
{■pendXli)  of  straight  vesseb.  Their  trabecular  sheaths  gradually  undergo  a  transformation, 
become  much  thickened,  and  converted  into  adenoid  tissue;  the  bundles  of  connective  tissue 
becoming  looser  and  their  fibrils  more  delicate,  and  containing  in  their  interstices  an  abundance 
of  lymph  corpuscles  (W,  Muller). 


Fia.  1006,— Transveree  section  of  the  hunuo  ipleen.  Bhowina  the  dislribution  of  the  gplenic  artery  and  ita  brannhea. 

The  altered  coat  of  the  arterioles,  consisting  of  adenoid  tissue,  presents  here  and  there  thick- 
enings of  a  spheroidal  shape,  the  l;mphatic  nodnlM  (Atalpighinn  bodies  of  the  gpfcen).  These 
bodies  vary  in  size  from  about  0.25  mm.  to  1  mm.  in  diameter.  They  are  merely  local  expansions 
or  hyperplasite  of  the  adenoid  tissue,  of  which  the  external  coat  of  the  smaller  arteries  of  the  spleen 
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is  formed.  They  are  most  frequently  found  surrounding  the  art«'iole,  which  thus  seems  to 
tunnel  them,  but  occasionally  tliey  grow  from  one  side  of  the  vessel  only,  and  present  the  appe&r- 
ance  of  a  sessile  bud  growing  from  the  arterial  wall.  In  transverse  sections,  the  artery,  in  the 
majority  of  cases,  is  found  in  an  eccentric  position.  These  bodies  are  visible  to  the  naked  eye 
oD  the  surface  of  a  freah  section  of  the  organ,  appearing  as  minute  dote  of  a  eemiopaque  whitish 


Pia.  IMT. — Tranivane  MFtJoa  of  a  pardon  af  tha  aplsan. 

color  in  the  dark  substance  of  the  pulp.  In  minute  structiire  they  resemble  the  adenoid  tissue 
of  lymph  glands,  consisting  of  a  delicate  reticulum,  in  the  meshes  ol  which  lie  ordinary  lymphoid 
cells  (Fig.  1067).  The  reticulum  is  made  up  of  extremely  fine  fibrils,  and  is  comparatively  open 
in  the  centre  of  the  corpuscle,  becoming  closer  at  its  periphery.  The  cells  which  it  encloses 
are  possessed  of  amixboid  movement.  When  treated  with  carmine  they  become  deeply  stained, 
and  can  be  easily  distinguished  from  those  of  the  pulp. 


Fia,  106S.— SecdoD  ol  the  spleea,  Bbawinc  (be  UrminaCion  ol  the  Hnall  bloodveaaeli. 

The  arterioles  end  by  opening  freely  into  the  splenic  pulp;  their  walls  become  much  attenuated, 
they  lose  their  tubular  character,  and  the  endothehai  cells  become  altered,  presenting  a  branched 
appearance,  and  acquiring  processes  which  are  directly  connected  with  the  processes  of  the 
reticular  cells  of  the  pulp  (Fig.  1068).  In  this  manner  the  vessels  end,  and  the  blood  flowing 
through  them  finds  its  way  into  the  interstices  of  the  reticulated  tissue  of  the  splenic  pulp.    Thus 
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the  blood  passing  through  the  spleen  is  brought  into  intimate  relation  with  the  elements  of  the 
pulp,  and  no  doubt  undergoes  important  changes. 

After  these  changes  have  taken  place  the  blood  is  collected  from  the  interstices  of  the  tissue 
by  the  rootlets  of  the  veins,  which  begin  much  in  the  same  way  as  the  arteries  end.  The  con- 
nective-tissue corpuscles  of  the  pulp  arrange  themselves  in  rows,  in  such  a  way  as  to  form  an 
elongated  space  or  sinus.  They  become  elongated  and  spindle-shaped,  and  overlap  each  other 
at  their  extremities,  and  thus  form  a  sort  of  endothelial  lining  of  the  path  or  sinus,  which  is  the 
radicle  of  a  vein.  On  the  outer  surfaces  of  these  cells  are  seen  delicate  transverse  lines  or  markings, 
which  are  due  to  minute  elastic  fibriUae  arranged  in  a  circular  manner  around  the  sinus.  Thus 
the  channel  obtains  an  external  investment,  and  gradually  becomes  converted  into  a  small 
vein,  which  after  a  short  course  acquires  a  coat  of  ordinary  connective  tissue,  lined  by  a  layer  of 
flattened  epithelial  cells  which  are  continuous  with  the  supporting  cells  of  the  pulp.  The  smaller 
veins  unite  to  form  larger  ones;  these  do  not  accompany  the  arteries,  but  soon  enter  the  tra- 
becular sheaths  of  the  capsule,  and  by  their  junction  form  six  or  more  branches,  which  emerge 
from  the  hilus,  and,  uniting,  constitute  the  lienal  vein,  the  largest  radicle  of  the  portal  vein. 

The  veiiui  are  remarkable  for  their  numerous  anastomoses,  while  the  arteries  hardly  anastomose 
at  all. 

The  lymphatics  are  described  on  page  793. 

The  nerves  are  derived  from  the  coeliac  plexus  and  are  chiefly  non-medullated.    They  are 
distributed  to  the  bloodvessels  and  to  the  smooth  muscle  of  the  capsule  and  trabecule. 

Applied  Anatomy. — Injury  of  the  spleen  is  less  common  than  that  of  the  liver,  on  account  of 
its  protected  situation  and  connections.  It  may  be  ruptured  by  direct  or  indirect  violence;  torn 
by  a  broken  rib;  or  injured  by  a  punctured  or  gunshot  wound.  When  the  organ  is  enlarged,  the 
chance  of  rupture  is  increased.  The  great  risk  is  hemorrhage,  owing  to  the  vascularity  of  the 
organ,  and  the  absence  of  a  proper  system  of  capillaries.  The  injury  is  not,  however,  necessarily 
fatal,  and  this  would  appear  to  be  due,  in  a  great  measure,  to  the  contractile  power  of  the  cap- 
sule, which  narrows  the  wound  and  prevents  the  escape  of  blood.  In  cases  where  the  diagnosis 
is  clear,  and  the  S3rmptoms  indicate  danger  to  life,  laparotomy  must  be  performed,  and  if  the 
hemorrhage  cannot  be  stayed  by  ordinary  surgical  methods,  the  spleen  must  be  removed. 

The  spleen  may  become  enormously  enlarged  in  certain  diseased  conditions,  such  as  ague, 
leukemia,  S3rphilis,  valvular  disease  of  the  heart,  or  without  any  obtainable  history  of  previous 
disease.  It  may  also  become  enlarged  in  lymphadenoma,  as  a  part  of  a  general  blood-disease. 
In  these  cases  the  tumor  may  fill  a  considerable  part  of  the  abdomen  and  extend  into  the  pelvis, 
and  may  be  mistaken  for  ovarian  or  uterine  new  growth. 

The  spleen  is  sometimes  the  seat  of  cystic  tumors,  especially  hydatids,  and  of  abscess.  These 
cases  require  treatment  by  incision  and  drainage;  and  in  abscess  great  care  must  be  taken,  if 
there  are  no  adhesions  between  the  spleen  and  abdominal  wall,  to  prevent  the  escape  of  any  of 
the  pus  into  the  peritoneal  cavity.  If  possible  the  operation  should  be  performed  in  two  stages. 
Sarcoma  and  carcinoma  are  occasionally  found  in  the  spleen,  but  very  rarely  as  primary  diseases. 

Extirpation  of  the  spleen  has  been  performed  for  wounds  or  injuries,  in  floating  spleen,  in 
simple  h3rpertrophy,  in  leukemic  enlargement  (but  the  operation  is  now  considered  unjustifiable 
in  this  condition),  and  in  the  case  of  enlargement  due  to  certain  obscure  parasitic  infections  met 
with  in  hot  climates.  The  incision  is  best  made  in  the  left  semilunar  line;  the  spleen  is  isolated 
from  its  surroundings  and  delivered  from  the  abdomen;  the  pedicle  is  then  transfixed  and  ligatured 
in  two  portions. 


THE  SUPRARENAL  GLANDS  (QLANDULAE  SUPR AREN ALIS ;  ADRENAL 

CAPSULE)  (Figs.  1069,  1070). 

The  suprarenal  glands  are  two  small  flattened  bodies  of  a  yellowish  color,  situated 
at  the  back  part  of  the  abdomen,  behind  the  peritoneum,  and  immediately  above 
and  in  front  of  the  upper  end  of  each  kidney;  hence  their  name.  The  right  one  is 
somewhat  triangular  in  shape,  bearing  a  resemblance  to  a  cocked  hat;  the  left  is 
more  semilunar,  usually  larger,  and  placed  at  a  higher  level  than  the  right.  They 
vary  in  size  in  different  individuals,  being  sometimes  so  small  as  to  be  scarcely 
detected:  their  usual  size  is  from  3  to  5  cm.  in  length,  rather  less  in  width,  and  from 
4  to  6  mm.  in  thickness.    Their  average  weight  is  from  1.5  to  2.5  gm.  each. 

Belatioiui. — The  relations  of  the  suprarenal  glands  differ  on  the  two  sides  of  the  body. 

The  right  suprarenal  is  situated  behind  the  inferior  vena  cava  and  right  lobe  of  the  liver,  and 
in  front  of  the  Diaphragma  and  upper  end  of  the  right  kidney.  It  is  roughly  triangular  in  shape; 
its  base,  directed  downward,  is  in  contact  with  the  medial  and  anterior  aspects  of  the  upper  end 
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of  the  right  kidney.  It  presents  two  surfaces  for  examiiuition,  an  anterior  and  a  posterior.  The 
anterior  aurjace  looks  forward  and  lateralward,  and  haa  two  areas:  a  medial,  narrow,  and  non- 
peritoneaJ,  which  lies  behind  the  inferior  vena  cava;  and  a  lateral,  somewhat  triangular,  in 
contact  with  the  liver.  The  upper  part  of  the  latter  surface  is  devoid  of  peritoneum,  and  is  in 
relation  with  the  bare  area  of  the  hver  near  its  lower  and  medial  angle,  while  ite  inferior  portion 
is  covered  by  peritoneum,  reflected  on  to  it  from  the  inferior  layer  of  the  coronary  ligament; 
occasionally  the  duodenum  overlaps  the  inferior  portion.  A  little  below  the  apex,  and  near 
the  anterior  border  of  the  gland,  is  a  short  furrow  termed  the  hilnfl,  from  frhich  the  suprarenal 
vein  emerges  to  join  the  inferior  vena  cava.  The  potterior  turjace  is  divided  into  upper  and 
lower  parts  by  a  curved  ridge:  the  upper,  slightly  convex,  rests  upon  the  Diaphragms;  the 
lower,  concave,  is  in  contact  with  the  upper  tiaA  and  the  adjacent  part  of  the  anterior  suriace 
of  the  kidney. 


(net  with  in 


Right.  Left. 

Fia.  1069.— Supnirensl  (lands  Tisned  from  th«  (coat. 

The  left  BOpraranal,  slightly  larger  than  the  right,  ia  crescentic  in  shape,  ita  concavity  being 
adapted  to  the  medial  border  of  the  upper  part  of  the  left  kidney.  It  presents  a  medial  border, 
which  is  convex,  and  a  lateral,  which  is  concave;  its  upper  end  is  narrow,  and  its  lower  rounded. 
Its  antenoT  turf  ace  has  two  areas:  an  upper  one,  covered  by  the  peritoneum  of  the  omental 
bursa,  which  separates  it  from  the  cardiac  end  of  the  stomach,  and  eonietimea  from  the  superior 
extremity  of  the  spleen;  and  a  lower  one,  which  is  in  contact  with  the  pancreas  and  lienal 
artery,  and  is  therefore  not  covered  by  the  peritoneum.  On  the  anterior  surface,  near  its  lowra" 
end,  is  a  furrow  or  hilus,  directed  downward  and  forward,  from  which  the  suprarenal  vein 
emerges.  Its  potlerior  tarface  presents  a  vertical  ridge,  which  divides  it  into  two  areaa;  the 
lateral  area  rests  on  the  kiihiey,  the  medial  and  smaller  on  the  left  crus  of  the  Diaphragma. 


Right.  Left. 

Fid.  1070.— Suprarenal  glanda  riewDd  ItDm  twhiad. 

The  surface  of  the  suprarenal  gland  is  surrounded  by  areolar  tissue  containing  much  fat,  and 
closely  invested  by  a  thin  fibrous  capsule,  which  is  difficult  to  remove  on  account  of  the  numerous 
fibrous  processes  and  vessels  entering  the  organ  through  the  furrows  on  its  anterior  surface  and 
base. 

Small  Accessory  snpruanalB  (glajidulae  supraTenalet  accessoriae)  are  often  to  be  found  in  the 
connective  tissue  around  the  suprarenals.  The  smaller  of  these,  on  section,  show  a  uniform 
surface,  but  in  some  of  the  larger  a  distinct  medulla  ctm  be  made  out. 

Stractnre. — On  section,  the  suprarenal  gland  is  seen  to  consist  of  two  portions  (Fig,  1071): 
an  •ztonul  or  cortlotl  and  an  iuteniAl  or  modaUftrr.  The  former  constitutes  the  chief  part  of 
the  organ,  and  is  of  a  deep  yellow  color;  the  medullary  substance  is  soft,  pulpy,  and  of  a  dark  red 
or  brown  color. 
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The  cordckl  portbrn  ($id)stantia  eorttadii)  coneiBts  o/  a  fine  connect ive-tiaeue  net-work,  in 
which  is  imbedded  the  glandular  epithelium.  The  epithelial  cells  are  polyhedral  in  shape  and 
pOHscBH  rounded  nuclei;  numy  o(  the  cells  contain  coarse  granules,  others  lipoid  globules.  Owing 
to  differences  in  the  Brrangement  of  the  cells,  three  distinct  zones  can  be  madeout:  (1)  theiOHA 
^onwruloM,  situated  beneath  the  capsule,  consists  of  cells  arranged  in  rounded  groupe,  with 
here  and  there  indications  of  an  alveolar  structure;  the  cells  of  this  zone  are  very  granular,  and 
stain  deeply.  (2)  The  una  ftififWiiti,  continuous  with  the  zona  glomerulosa,  is  compofled  of 
columns  of  cells  arfanged  in  a  radial  manner;  these  cells  contain  finer  granules  and  in  many 
instances  globules  of  lipoid  material.  (3)  The  una  r«tinilftiis,  in  contact  with  the  medulla, 
consists  of  cylindrical  mattes  of  cells  irregularly  arranged;  these  cells  often  contain  pigment 
granules  which  give  this  zone  a  darker  appearance  than  the  rest  of  the  cortex. 

The  modolbUT  portion  (lubtUinlia  tneduUarii)  is  extremely  vascular,  and  is  composed  of  a 
loose  mesh-work  of  connective  tissue  surrounding  a  large  plexus  of  sinusoidal  venous  spaces  and 
containing  non-striped  muscular  fibres.  Id  addition  to  the  veins,  multinucleated  masses  of 
protoplasm  are  scattered  throughout  the  medulla  as  well  as  many  irregular-shaped  cells  con- 
taming  pigment.  The  cell  protoplasm  has  an  especial  affinity  for  chromic  salts,  which  stain  it 
a  brown  color.  Such  cells  ore  therefore  termed  chromaffin  cells  (see  page  133).  This  portion 
of  the  gland  is  richly  supplied  with  non-medullated  nerve  fibres,  and  here  and  there  sympathetic 
ganglia  are  found. 

Capinde 

Zotia  glomemloaa 


Zuita  Ttticvlarit 


Fin.  lO'l. — Hection  of  B  psrt  d(  B  (upnnmaL  gland.    |M>EmEeiI.) 

VeiMls  and  Nerru. — The  artwivs  supplying  the  suprarenal  glajids  are  numerous  and  of 
comparatively  large  size;  they  are  derived  from  the  aorta,  the  inferior  phrenic,  and  the  renal. 
They  subdivide  into  minute  branches  previous  to  entering  the  cortical  part  of  the  gland,  where 
they  break  up  into  capillaries  which  end  in  the  venous  plexus  of  the  medullary  portion. 

The  suprarenal  vein  returns  the  blood  from  the  medullary  venous  plexus  and  receives  several 
branches  from  the  cortical  substance;  it  emerges  from  the  hilus  of  the  gland  and  on  the  right 
side  opens  into  the  inferior  vena  cava,  on  the  left  into  the  renal  vein. 

The  IjmphaticB  end  in  the  lumbar  glands. 

The  DBrres  are  exceedingly  numerous,  and  are  derived  from  the  cncliac  and  renal  plexuses, 
and,  according  to  Bergmann,  from  the  phrenic. and  vagus  nerves.  They  enter  the  lower  and 
medial  part  of  the  capsule,  traverse  the  cortex,  and  end  around  the  cells  of  the  medulla.  They 
have  numerous  small  ganglia  developed  upon  them  in  the  medullary  portiMi  of  the  gland. 

In  cimnei'tion  with  the  development  of  the  medulla  from  the  sympathochromaflin  tissue,  it  is 
to  be  noted  that  this  portion  of  the  gland  secretes  a  substance,  adrenalin,  which  has  a  powerful 
influence  on  those  muscular  tissues  which  are  supplied  by  sympathetic  fibres. 

Applied  Anattotur. — The  suprarenal  cortex  is  derived  from  the  cislomic  epitheliiun  of  the 
Wolffian  ridKo,  and  is  connected  with  the  sexual  glands;  it  is  related  to  growth  and  development 
in  some  wny,  and  is  often  found  to  be  hypertrophied  in  patients  with  chronic  kidney  disease 
nixl  high  blood-pressure.     The  meiiiiUa,  on  the  other  hand,  is  neuro-ectodermal  in  origin,  and 
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closely  connected  with  the  sympathetic  nervous  system.  When  the  supntfenal  medulla  is 
destroyed  by  tuberculoaia,  to  which  the  glands  ore  prone,  or  by  the  pressure  of  a,  new  growth, 
the  secretion  of  adrenalio  becomes  inadequate,  and  Addison's  disease  develops.  Patients  with 
Addison's  disease  become  pigmented  in  various  parts  of  the  bodj',  possibly  from  irritation  of 
the  sympathetic,  and  complain  of  great  wealmess,  lack  of  energy,  nausea,  and  severe  attacks  of 
vomiting.  Their  blood-pressure  is  low,  the  whole  nervous  system  is  depressed,  and  death  follows 
after  a  period  of  months  or  years,  usually  from  asthenia.  Tumors  derived  from  the  suprarenal 
itself,  or  from  misplaced  suprarenal  "rests"  occurring  in  such  organs  as  the  kidney  or  liver,  may 
be  either  benign  or  malignant,  and  are  classed  together  imder  the  name  "hypernephroma." 
In  children  the  malignant  hypernephroma  is  often  associated  with  obesity  and  precocity.  The 
benign  hypernephroma,  or  suprarenal  adenoma,  appears  to  produce  no  symptoms  except  those 
due  to  its  slow  enlargement. 


THE  CAROTID  SKEINS  (GLOHERA  CABOTICA;  CAROTID  OLANDS; 
CAROTID  BODIES.) 

The  carotid  skains,  two  in  number,  are  situated  one  on  either  side  of  the  neck, 
behind  the  common  carotid  artery  at  its  point  of  bifurcation  into  the  external 
and  internal  carotid  trunks.  They  are  reddish  brown  in  color  and  oval  in  shape, 
the  long  diameter  measuring  about  5  mm. 


Fio.  1072.— Stetion  ol 


d  cells. 


Each  is  invested  by  a  fibrous  capsule  and  consists  largely  of  spherical  or  irregular 
masses  of  cells  (Fig.  1072),  the  masses  being  more  or  less  isolated  from  one  another 
by  septa  which  extend  inward  from  the  deep  surface  of  the  capsule.  The  cells 
are  polyhedral  in  shape,  and  each  contains  a  large  nucleus  imbedded  in  finely 
granular  protoplasm,  which  is  stained  yellow  by  chromic  salts.  Numerous  nerve 
fibres,  derived  from  the  sympathetic  plexus  on  the  carotid  arterj',  are  distributed 
throughout  the  organ,  and  a  net-work  of  large  sinusoidal  capillaries  ramifies  among 
the  cells. 


THE  COCCTGEAL  SEEDT  (GLOMUS  COCCTGEDM;  COCCYGEAL  GLAND 
OR  BODT:  LT^CHKA'S  GLAND). 

The  coGeyK«aI  skein  is  placed  in  front  of,  or  immediately  below,  the  tip  of  the 
coccyx.  It  is  about  2.5  mm.  in  diameter  and  is  irregularly  oval  in  shape;  several 
smaller  nodules  are  found  around  or  near  the  main  mass. 

It  consists  of  irregular  masses  of  round  or  polyhedral  cells  (Fig.  1073),  the  cells 
of  each  mass  being  grouped  around  a  dilated  sinusoidal  capillary  vessel.    Each  cell 
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contains  a  large  round  or  oval  nucleus,  the  protoplasm  surrounding  which  is  clear, 
and  is  not  stained  by  chromic  salts.' 


.     (SerWII.)     X  S5.     The  nation  shon  tfaa 
epithelial  oelli  of  which  it  ia  uooAtitutAd. 

Besides  the  ductless  glands  mentioned,  reference  may  be  made  to  a  pair  of  small 
bodies,  the  aortie  bodies  of  ZackerkandL  These  are  found  in  the  embryo,  and  persist 
until  shortly  after  birth;  they  lie  one  on  either  side  of  the  abdominal  aorta  between 
the  superior  mesenteric  and  common  iliac  arteries  (see  page  133).  They  consist 
essentially  of  masses  of  polygonal  or  cuboidal  chromaffin  cells  imbedded  in  a 
wide-meshed  capillary  plexus. 

■on  J.  W.  Thomson  WjJkw,  Xrcbiv  fQr  mikro- 
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MARKINGS. 


SURFACE  ANATOMT  OF  THE  HEAD  AND  NECK. 

Bones  (Fig.  1074). — ^Various  bony  surfaces  and  prominences  on  the  skull  can  be 
easily  identified  by  palpation.  The  external  occipital  protuberance  is  situated 
behind^  in  the  middle  line,  at  the  junction  of  the  skin  of  the  neck  with  that  of  the 
head.  The  superior  nuchal  line  runs  lateralward  from  it  on  either  side,  while  extend- 
ing downward  from  it  is  the  median  nuchal  crest,  situated  deeply  at  the  bottom 
of  the  nuchal  furrow.    Above  the  superior  nuchal  lines  the  vault  of  the  cranium 


Zygomatic  tubercle  \^ 
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Fio.  1074. — Side  view  of  head,  showing  surfaoe  relatiooB  of  bones. 

is  thinly  covered  with  soft  structures,  so  that  the  form  of  this  part  of  the  head  is 
almost  that  of  the  upper  portion  of  the  occipital,  the  parietal,  and  the  frontal 
bones.  The  superior  nuchal  line  can  be  followed  lateralward  to  the  mastoid  por- 
tion of  the  temporal  bone,  from  which  the  mastoid  process  projects  downward 
and  forward  behind  the  ear.  The  anterior  and  posterior  borders,  the  apex,  and 
the  external  surface  of  this  process  are  all  available  for  superficial  examination  the 
anterior  border  lies  immediately  behind  the  concha,  and  the  apex  is  on  a  level 
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with  the  lobule  of  the  auricula.  About  1  cm.  below  and  in  front  of  the  apex  of 
the  mastoid  process,  the  transverse  process  of  the  atlas  can  be  distinguished.  In 
front  of  the  ear  the  zyfifomatic  arch  can  be  felt  throughout  its  entire  length;  its 
posterior  end  is  narrow  and  is  situated  a  little  above  the  level  of  the  tragus;  its 
anterior  end  is  broad  and  is  continued  into  the  zygomatic  bone.  The  lower  border 
of  the  arch  is  more  distinct  than  the  upper,  which  is  obscured  by  the  attachment 
of  the  temporal  fascia.  In  front,  and  behind,  the  upper  border  of  the  arch  can  be 
followed  into  the  superior  temporal  line.  In  front,  this  line  begins  at  the  zygomatic 
process  of  the  frontal  bone  as  a  curved  ridge  which  runs  at  first  forward  and 
upward  on  the  frontal  bone,  and  then  curving  backward  separates  the  forehead 
from  the  temporal  fossa.  It  can  then  be  traced  across  the  parietal  bone,  where, 
though  less  marked,  it  can  generally  be  recognized.  Finally,  it  curves  downward, 
and  forward,  and  passing  above  the  external  acoustic  meatus,  ends  in  the  posterior 
root  of  the  zygomatic  arch.  Near  the  line  of  the  greatest  transverse  diameter  of 
the  head  are  the  parietal  eminences,  one  on  either  side  of  the  middle  line;  further 
forward,  on  the  forehead,  are  the  frontal  eminences,  which  vary  in  prominence  in 
different  individuals  and  are  frequently  unsymmetrical.  Below  the  frontal  emi- 
nences the  superciliary  arches,  which  indicate  the  position  of  the  frontal  sinuses, 
can  be  recognized;  as  a  rule  they  are  small  in  the  female  and  absent  in  children. 
In  some  cases  the  prominence  of  the  superciliary  arches  is  related  to  the  size  of 
the  frontal  sinuses,  but  frequently  there  is  no  such  relationship.  Situated  between, 
and  connecting  the  superciliary  ridges,  is  a  smooth,  somewhat  triangular  area,  the 
fiflabella,  below  which  the  nasion  {frontonasal  suture)  can  be  felt  as  a  slight  depres- 
sion at  the  root  of  the  Yiose. 

Below  the  nasion  the  nasal  bones,  scantily  covered  by  soft  tissues,  can  be  traced 
to  their  junction  with  the  nasal  cartilages,  and  on  either  side  of  the  nasal  bone 
the  complete  outline  of  the  orbital  margin  can  be  made  out.  At  the  junction  of 
the  medial  and  intermediate  thirds  of  the  supraorbital  margin  the  supraorbital 
notch,  when  present,  can  be  felt;  close  to  the  medial  end  of  the  infraorbital  margin 
is  a  little  tubercle  which  serves  as  a  guide  to  the  position  of  the  lacrimal  sac.  Below 
and  lateral  to  the  orbit,  on  either  side,  is  the  zygomatic  bone  forming  the  prominence 
of  the  cheek;  it's  posterior  margin  is  easily  palpable,  and  on  it  just  above  the  level 
of  the  lateral  palpebral  commissure  is  the  zygomatic  tubercle.  A  slight  depression, 
about  1  cm.  above  this  tubercle,  indicates  the  position  of  the  zygomaticofrontal 
suture.  Directly  below  the  orbit  a  considerable  part  of  the  anterior  surface  of  the 
maxilla  and  the  whole  of  its  alveolar  process  can  be  palpated.'  The  outline  of  the 
mandible  can  be  recognized  throughout  practically  its  entire  extent;  in  front  of 
the  tragus  and  below  the  zygomatic  arch  is  the  condyle,  and  from  this  the  posterior 
border  of  the  ramus  can  be  followed  to  the  angle;  from  the  angle  to  the  symphysis 
the  lower  rounded  border  of  the  mandible  can  be  easily  traced;  the  lower  part  of 
the  anterior  border  of  the  ramus  and  the  alveolar  process  can  be  made  out  without 
diflBculty.  In  the  receding  angle  below  the  chin  is  the  hyoid  bone,  and  the  finger 
can  be  carried  along  the  bone  to  the  tip  of  the  greater  cornu,  which  is  on  a  level 
with  the  angle  of  the  mandible:  the  greater  cornu  is  most  readily  appreciated 
by  making  pressure  on  one  side,  when  the  cornu  of  the  opposite  side  will  be  rendered 
prominent  and  can  be  felt  distinctly  beneath  the  skih. 

Joints  and  Muscles. — ^The  temporomandibular  articulation  is  quite  superficial,  and 
is  situated  below  the  posterior  end  of  the  zygomatic  arch,  in  front  of  the  external 
acoustic  meatus.  Its  position  can  be  ascertained  by  defining  the  condyle  of  the 
mandible;  when  the  mouth  opens,  the  condyle  advances  out  of  the  mandibular 
fossa  on  to  the  articular  tubercle,  and  a  depression  is  felt  in  the  situation  of  the 
joint. 

The  outlines  of  the  muscles  of  the  head  and  face  cannot  be  traced  on  the  surface 
except  in  the  case  of  the  Masseter  and  Temporalis.    The  muscles  of  the  scalp 
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are  so  thin  that  the  outline  of  the  bone  is  perceptible  beneath  them.  Those  of 
the  face  are  smaU,  covered  by  soft  skin,  and  often  by  a  considerable  layer  of  fat, 
and  their  outlines  are  therefore  concealed;  they  serve,  however,  to  round  off  and 
smooth  prominent  borders,  and  to  fill  up  what  would  otherwise  be  unsightly 
angular  depressions.  Thus  the  Orbicularis  ocoll  rounds  off  the  prominent  margin 
of  the  orbit,  and  the  Procerus  fills  in  the  sharp  depression  below  the  glabella.  In 
like  manner  the  labial  musclss  converging  to  the  lips,  and  assisted  by  the  super- 
imposed fat,  fill  up  the  sunken  hollow  of  the  lower  part  of  the  face.  When  in 
action  the  facial  muscles  produce  the  various  expressions,  and  in  addition  through 
the  skin  into  numerous  folds  and  wrinkles.  The  Masaet«r  imparts  fulness  to  the 
hinder  part  of  the  cheek;  if  firmly  contracted,  as  when  the  teeth  are  clenched,  its 
quadrilateral  outline  is  plainly  visible;  the  anterior  border  forms  a  prominent 
vertical  ridge,  behind  which  is  a  considerable  fulness  especially  marked  at  the 


vicidar  foil 
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Fla.  1075.— AoUrolsleral  view  ot  head  and  neck. 

lower  part  of  the  muscle.  The  Temporalis  is  fan-shaped  and  fills  the  temporal 
fossa,  substituting  for  the  concavity  a  somewhat  convex  swelling,  the  anterior 
part  of  which,  on  account  of  the  absence  of  hair  on  the  overlying  skin,  is  more 
marked  than  the  posterior,  and  stands  out  in  strong  relief  when  the  muscle  is  in 
action. 

In  the  neck,  the  PlatTsma  when  contracted  throws  the  skin  into  oblique  ridges 
parallel  with  the  fasciculi  of  the  muscle.  The  StemoeleidomastoidAns  has  the  most 
important  influence  on  the  surface  form  of  the  neck  (Figs.  1075,  1076).  When  the 
muscle  is  at  rest  its  anterior  border  forms  an  oblique  rounded  edge  ending  below  in 
the  sharp  outline  of  the  sternal  head;  the  posterior  border  is  only  distinct  for  about 
2  or  3  cm.  above  the  middle  of  the  clavicle.  During  contraction,  the  sternal  head 
stands  out  as  a  sharply  defined  ridge,  while  the  claviculikr  head  is  flatter  and  less 
prominent;  between  the  two  heads  is  a  slight  depression :  the  fleshy  middle  portion 
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of  the  muscle  appears  as  an  oblique  elevation  with  a  thick,  rounded,  anterior  border, 
best  marked  in  its  lower  part.  The  sternal  heads  of  the  two  muscles  are  separated 
by  a  V-shaped  depression,  in  which  are  the  SteinohToidens  and  StemothTreoideiu. 

Above  the  hyoid  bone,  near  the  middle  line,  the  anterior  belly  of  the  Digaatricns 
produces  a  slight  convexity. 

The  anterior  border  of  the  TrapeiinB  presents  as  a  faint  ridge  running  from  the 
superior  nuchal  line,  downward  and  forward  to  the  junction  of  the  intermediate 
and  lateral  thirds  of  the  clavicle.  Between  the  Stemocleidomastoideus  and  the 
Trapezius  is  the  posterior  triangle  of  the  neck,  the  lower  part  of  which  appears  as 
a  shallow  concavity — the  sapraclaTicalar  lossa.  In  this  fossa,  the  inferior  belly  of 
the  OmohTOtdeuB,  when  in  action,  presents  as  a  rounded  cord-like  elevation  a  little 
above,  and  almost  parallel  to,  the  clavicle. 


Ctavieiilar  head  )  of  Slernodtidif 
Sternal  head  j      matkiideiu 

Tia.  1076.— Front  viav  or  neok. 

Arteries. — ^The  positions  of  several  of  the  larger  arteries  can  be  ascertained 
from  their  pulsations. 

The  subclaTian  arter;  can  be  felt  by  making  pressure  downward,  backward,  and 
medialward  behind  the  clavicular  head  of  the  Stemocleidomastoideus;  its  transverse 
cerrical  branch  may  be  detected  parallel  to,  and  about  a  finger's  breadth  above, 
the  clavicle.  The  common  and  external  carotid  arteries  can  be  recognized  immediately 
beneath  the  anterior  edge  of  the  Stemocleidomastoideus.  The  external  maxillaiy 
artery  can  be  traced  over  the  border  of  the  mandible  just  in  front  of  the  anterior 
border  of  the  llasseter,  then  about  1  cm.  lateral  to  the  angle  of  the  mouth,  and 
finally  as  it  runs  up  the  side  of  the  nose.  The  pulsation  of  the  occipital  artery 
can  be  distinguished  about  3  or  4  cm.  lateral  to  the  external  occipital  protuberance; 
that  of  the  posterior  aorieular  in  the  groove  between  the  mastoid  process  and  the 
auricula.  The  course  of  the  superficial  temporal  artery  can  be  readily  followed 
across  the  posterior  end  of  the  zygomatic  arch  to  a  point  about  3  to  5  cm.  above 
this,  where  it  divides  into  its  frontal  and  parietal  branches;  the  pulsation  of  the 
frontal  branch  is  frequently  visible  on  the  side  of  the  forehead.  The  sapiaoibital 
artery  can  usuall.v  be  detected  immediately  above  the  supraorbital  notch  or  foramen. 
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^   SUftFACE  MABEIN08  OF  SPECIAL  BEOIONS  OF  HEAD  AHD  HECK. 

The  Craniam. — Scalp. — ^The  soft  parts  covering  the  upper  surface  of  the  skull 
form  the  scalp  and  comprise  the  following  layers  (Fig,  1077) :  (1 )  sldii,  (2)  snbcats- 
neOTiB  tiflBue,  (3)  Occipitalis  frontalis  and  galea  aponeurotiea,  (4)  subaponeurotic  tissue, 
(5)  perieiaiuiim.  The  subcutaneous  tissue  consists  of  a  close  mesh-work  of  fibres, 
the  meshes  of  which  contain  fatty  tissue ;  the  fibres  bind  the  skin  and  galea  aponeu- 
rotiea hrmly  together,  so  that  when  the  Occipitalis  or  the  Frontalis  is  in  action 
the  skin  moves  with  the  aponeurosis.  The  subaponeurotic  tissue,  which  intervenes 
between  the  galea  aponeurotiea  and  the  pericranium,  is  much  looser  in  texture, 
and  permits  the  movement  of  the  aponeurosis  over  the  underlying  bones. 


SuicKU-uoai  tiHui 


Bony  Landmarks  (Fig.  1074). — In  addition  to  the  bony  points  already  described 
which  can  be  determined  by  palpation,  the  following  are  utilized  for  surface 
markings: 

Auricular  Point. — ^The  centre  of  the  orifice  of  the  external  acoustic  meatus. 

Preauricular  Point. — A  point  on  the  posterior  root  of  the  zygomatic  arch  imme- 
diately in  front  of  the  external  acoustic  meatus. 

Asterion.~The  point  of  meeting  of  the  lambdoidal,  mastooccipital,  and  masto- 
parietal  sutures;  it  lies  4  cm.  behind  and  12  mm.  above  the  level  of  the  auricular 
point. 

Pterion. — ^The  point  where  the  great  wing  of  the  sphenoid  joins  the  sphenoidal 
angle  of  the  parietal;  it  is  situated  35  mm.  behind,  and  12  mm.  above,  the  level 
of  the  frontozygomatic  suture. 

Inion. — The  external  occipital  protuberance. 

Lambda.— T^it  point  of  meeting  of  the  lambdoidal  and  sagittal  sutures;  it  is 
in  the  middle  line  about  6.5  cm.  above  the  inion. 

Bregma. — The  meeting-point  of  the  coronal  and  sagittal  sutures;  it  lies  at  the 
point  of  intersection  of  the  middle  line  of  the  scalp  with  a  line  drawn  vertically 
upward  through  the  preauricular  point. 

A  line  passing  through  the  inferior  margin  of  the  orbit  and  the  auricular  point 
is  known  as  Raid's  base  line.    The  lambdoidal  sntoie  can  be  indicated  on  either 
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side  by  the  upper  two-thirds  of  a  line  from  the  lambda  to  the  tip  of  the  mastoid 
process.  The  8»gittal  suture  Is  in  the  line  joining  the  lambda  to  the  bregma.  The 
position  of  the  cwonal  satnre  on  either  side  is  sufGciently  represented  by  a  Une 
joining  the  bregma  to  the  centre  of  the  zygomatic  arch. 

The  floor  of  the  middle  fossa  of  the  skull  is  at  the  level  of  the  posterior  three- 
fourths  of  the  upper  border  of  the  zygomatic  arch;  the  articular  eminence  of  the 
temporal  bone  is  opposite  the  foramen  spinosum  and  the  semilunar  ganglion. 


relsticms  of  Uie  brain  1 


Brain  (Figs.  1078,  1079). — The  general  outline  of  the  cerebral  h«miapli«re,  on 
either  side,  may  be  mapped  out  on  the  surface  in  the  following  manner.  Starting 
from  the  nasion,  a  line  drawn  along  the  middle  of  the  scalp  to  the  inion  represents 
the  superior  border.  The  line  of  the  lower  margin  behind  is  that  of  the  transverse 
sinus  (see  page  1282),  or  more  roughlj-  a  line  convex  upward  from  the  inion  to  the 
posterior  root  of  the  zygomatic  process  of  the  temporal  bone;  thence  along  the 
posterior  two-thirds  of  the  upper  border  of  the  zygomatic  arch  where  the  Une  turns 
up  to  the  pterion;  the  front  part  of  the  lower  margin  extends  from  the  pterion  to 
the  glabella  about  1  cm.  above  the  supraorbital  margin.  The  cerebellum  is  so  deeply 
situated  that  there  is  no  reliable  surface  marking  for  it;  a  point  4  cm.  behind  and 
1.5  cm.  below  the  level  of  the  auricular  point  is  situated  directly  over  it. 

The  relations  of  the  principal  fissures  and  gyri  of  the  cerebral  hemispheres  to 
the  surface  of  the  scalp  are  of  considerable  practical  importance,  and  several 
methods  of  indicating  them  have  been  devised.    Necessarily'  these  methods  can 
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only  be  regarded  as  approximately  correct,  yet  they  are  all  sufficiently  accurate 
for  surgical  purposes.  The  longitudinal  fissure  corresponds  to  the  medial  line  of 
the  scalp  between  the  nasion  and  inion.  In  order  to  mark  out  the  lateral  cerebral 
{Sylvian)  fissure  a  point,  termed  the  Sylvian  point,  which  practically  corresponds 
to  the  pterion,  is  defined  35  mm.  behind  and  12  mm.  above  the  level  of  the  fronto- 
zygomatic  suture;  this  point  marks  the  spot  where  the  lateral  fissure  divides. 
Another  method  of  defining  the  Sylvian  point  is  to  divide  the  distance  between 
the  nasion  and  inion  into  four  equal  parts;  from  the  junction  of  the  third  and 
fourth  parts  (reckoning  from  the  front)  draw  a  line  to  the  frontozygomatic  suture; 
from  the  junction  of  the  first  and  second  parts  a  line  to  the  auricular  point.  These 
two  lines  intersect  at  the  Sylvian  point  and  the  portion  of  the  first  line  behind 
this  point  overlies  the  posterior  ramus  of  the  lateral  cerebral  fissure.    The  position 


Fio.  1079. — Relations  of  the  brain  and  middle  meningeal  artery  to  the  surface  of  the  skull.  1.  Nasion.  2.  Inion. 
3.  Lambda.  4.  Lateral  cerebral  fissure.  5.  Central  sulcus.  AA.  Reid's  base  line.  B.  Point  for  trephining  the  anterior 
branch  of  the  middle  meningeal  artery.  C.  Suprameatal  triangle.  D.  Sigmoid  bend  of  the  transverse  sinus.  B. 
Point  for  trephining  over  the  straight  portion  of  the  transverse  sinus,  exposing  dura  mater  of  both  cerebrum  and 
cerebellum.    Outline  of  cerebral  hemisphere  indicated  in  blue;  course  of  middle  meningeal  arteiy  in  red. 

of  the  posterior  ramus  can  otherwise  be  obtained  by  joining  the  Sylvian  point  to  a 
point  2  cm.  below  the  summit  of  the  parietal  eminence.  The  anterior  ascending 
ramus  can  be  marked  out  by  drawing  a  line  upward  at  right  angles  to  the  line 
of  the  posterior  ramus  for  2  cm.  and  the  anterior  horizontal  ramus  by  a  line  of  the 
same  length  drawn  horizontally  forward — both  from  the  Sylvian  point.  To  define 
the  central  sulcus  {fissure  of  Rolando)  two  points  are  taken;  one  is  situated  1.25 
cm.  behind  the  centre  of  the  line  joining  the  nasion  and  inion;  the  second  is  at 
the  intersection  of  the  line  of  the  posterior  ramus  of  the  lateral  cerebral  fissure 
with  a  line  through  the  preauricular  point  at  right  angles  to  Reid's  base  line.  The 
upper  9  cm.  of  the  line  joining  these  two  points  overlies  the  central  sulcus  and  forms 
an  angle,  opening  forward,  of  about  70°  with  the  middle  line  of  the  scalp.  An 
alternative  method  is  to  draw  two  perpendicular  lines  from  Reid's  base  line  to  the 
top  of  the  head ;  one  from  the  preauricular  point  and  the  other  from  the  posterior 
81 
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border  of  the  mastoid  process  at  its  root.  A  line  from  the  upper  end  of  the  posterior 
line  to  the  point  where  the  anterior  intersects  the  line  of  the  posterior  ramus  of  the 
lateral  fissure  indicates  the  position  of  the  central  sulcus.  The  precentral  and 
postcentral  sulci  are  practically  parallel  to  the  central  sulcus;  they  are  situated 
respectively  about  15  mm.  in  front  of,  and  behind,  it.  The  superior  frontal  sulcus 
can  be  mapped  out  by  a  line  drawn  from  the  junction  of  the  upper  and  middle 
thirds  of  the  precentral  sulcus,  in  a  direction  parallel  with  the  longitudinal  sulcus, 
to  a  point  midway  between  the  middle  line  of  the  forehead  and  the  temporal  line, 

4  cm.  above  the  supraorbital  notch.  The  inferior  frontal  sulcus  begins  at  the  junc- 
tion of  the  middle  and  lower  thirds  of  the  precentral  sulcus,  and  follows  the  course 
of  the  superior  temporal  line. 

The  horizontal  limb  of  the  intraparietal  sulcus  begins  from  the  junction  of  the 
lower  with  the  middle  third  of  the  postcentral  sulcus  and  curves  backward  parallel 
to  the  longitudinal  fissure,  midway  between  it  and  the  parietal  eminence;  it  then 
curves  downward  to  end  midway  between  the  lambda  and  the  parietal  eminence. 
The  external  part  of  the  parietooccipital  fissure  runs  lateralward  at  right  angles 
to  the  longitudinal  fissure  for  about  2.5  cm.  from  a  point  5  mm.  in  front  of  the 
lambda.  If  the  line  of  the  posterior  ramus  of  the  lateral  cerebral  fissure  be 
continued  back  to  the  longitudinal  fissure,  the  last  2.5  cm.  of  it  will  indicate  the 
position  of  the  parietooccipital  fissure. 

The  lateral  ventricle  may  be  circumscribed  by  a  quadrilateral  figure.  The  upper 
limit  is  a  horizontal  line  5  cm.  above  the  zygomatic  arch;  this  defines  the  roof  of 
the  ventricle.  The  lower  limit  is  a  horizontal  line  1  cm.  above  the  zygomatic  arch ; 
it  indicates  the  level  of  the  end  of  the  inferior  horn.  Two  vertical  lines,  one  through 
the  junction  of  the  anterior  and  middle  thirds  of  the  zygomatic  arch,  and  the  other 

5  cm.  behind  the  tip  of  the  mastoid  process,  indicate  the  extent  of  the  anterior 
horn  in  front  and  the  posterior  horn  behind. 

Vessels. — The  line  of  the  anterior  division  of  the  middle  meningeal  artery  is 
equidistant  from  the  frontozygomatic  suture  and  the  zygomatic  arch;  it  is  obtained 
by  joining  up  the  following  points:  (1)  2.5  cm.,  (2)  4  cm.,  and  (3)  5  cm.  from 
these  two  landmarks.  The  posterior  division  can  be  reached  2.5  cm.  above  the 
auricular  point. 

The  position  of  the  transverse  sinus  is  obtained  by  taking  two  lines:  the  first 
from  the  inion  to  a  point  2.5  cm.  behind  the  auricular  point;  the  second  from  the 
anterior  end  of  the  first  to  the  tip  of  the  mastoid  process.  The  second  line  corre- 
sponds roughly  to  the  line  of  reflection  of  the  skin  of  the  auricula  behind,  and  its 
upper  two-thirds  represents  the  sigmoid  part  of  the  sinus.  The  first  part  of  the 
sinus  has  a  slight  upward  convexity,  and  its  highest  point  is  about  4  cm.  behind 
and  1  cm.  above  the  level  of  the  auricular  point.  The  width  of  the  sinus  is 
about  1  cm. 

The  Face. — Air  Sinuses  (Fig.  1080). — The  frontal  and  maxillary  sinuses  vary 
so  greatly  in  form  and  size  that  their  surface  markings  must  be  regarded  as  only 
roughly  approximate.  To  mark  out  the  position  of  the  frontal  sinus  three  points 
are  taken:  (1)  the  nasion,  (2)  a  point  in  the  middle  line  3  cm.  above  the  nasion, 
(3)  a  point  at  the  junction  of  the  lateral  and  intermediate  thirds  of  the  supraorbital 
margin.  By  joining  these  a  triangular  field  is  described  which  overlies  the  greater 
part  of  the  sinus.  The  outline  of  the  maxillary  sinus  is  irregularly  quadrilateral 
and  is  obtained  by  joining  up  the  following  points:  (1)  the  lacrimal  tubercle,  (2) 
a  point  on  the  zygomatic  bone  at  the  level  of  the  inferior  and  lateral  margins  of  the 
orbit,  (3)  and  (4)  points  on  the  alveolar  process  above  the  last  molar  and  the  second 
premolar  teeth  respectively. 

External  Maxillary  Artery. — ^The  course  of  this  artery  on  the  face  may  be  indicated 
by  a  line  starting  from  the  lower  border  of  the  mandible  at  the  anterior  margin 
of  the  Masseter,  and  running  at  first  forward  and  upward  to  a  point  1  cm.  lateral 
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to  the  angle  of  the  mouth,  thence  to  the  ala  of  the  nose  and  upward  to  the  medial 
commissure  of  the  eye  (Fig,  lOSl). 

Trigeminal  Henre. — Terminal  branches  of  this  nen^e,  \'iz.,  the  supraorbital  branch 
of  the  ophthalmic,  the  infraorbital  of  the  maxillary,  and  the  mental  of  the  mandibular 
emerge  from  corresponding  foramina  on  the  face  (Fig-  1081).  The  supraorbital 
foramen  is  situated  at  the  junction  of  the  medial  and  intermediate  thirds  of  the 
supraorbital  margin.  A  line  drawn  from  this  foramen  to  the  lower  border  of  the 
mandible,  through  the  interval  between  the  two  lower  premolar  teeth,  passes  over 
the  infraorbital  and  mental  foramina;  the  former  lies  about  1  cm.  below  the  margin 
of  the  orbit,  while  the  latter  varies  in  position  according  to  the  age  of  the  individual ; 
in  the  adult  it  is  midway  between  the  upper  and  lower  borders  of  the  mandible, 
in  the  child  it  is  nearer  the  lower  border,  while  in  the  edentulous  jaw  of  old  age 
it  is  close  to  the  upper  margin. 


The  position  of  the  sphenopalatine  ganglion  is  indicated  from  the  side  by  a 
point  on  the  upper  border  of  the  zygomatic  arch,  6  mm.  from  the  margin  of  the 
zygomatic  bone. 

Parotid  Qland  (Fig,  1081). — The  upper  border  of  the  parotid  gland  corresponds  to 
the  posterior  two-thirds  of  the  lower  border  of  the  zygomatic  arch;  the  posterior 
border  to  the  front  of  the  external  acoustic  meatus,  the  mastoid  process,  and  the 
anterior  border  of  Sternocleidomastoideus.  The  inferior  border  is  indicated  by  a 
line  from  the  tip  of  the  mastoid  process  to  the  junction  of  the  body  and  greater 
comu  of  the  hyoid  bone.  In  front,  the  anterior  border  extends  for  a  variable  dis- 
tance on  the  superficial  surface  of  the  Masseter.  The  surface  marking  for  the  parotid 
duct  is  a  line  drawn  across  the  face  about  a  finger's  breadth  below  the  zygomatic 
arch,  i.  e.,  from  the  lower  margin  of  the  concha  to  midway  between  the  red  margin 
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of  the  lip  and  the  ala  of  the  nose;  the  duct  ends  opposite  the  second  upper  molar 
tooth  and  measures  about  5  cm,  in  length. 

The  Nose. — The  outlines  of  the  nasal  bones  and  the  cartilages  forming  the  exter- 
nal nose  can  be  easily  felt.  The  mobile  portion  of  the  nasal  septum,  formed  by 
the  medial  crura  of  the  greater  alar  cartilages  and  the  skin,  is  easily  distinguished 
between  the  nares.  When  the  head  is  tilted  back  and  a  speculum  introduced 
through  the  naris,  the  floor  of  the  nasal  cavity,  the  lower  part  of  the  nasal  septum, 
and  the  anterior  ends  of  the  middle  and  inferior  nasal  conchee  can  be  examined. 
The  opening  of  the  nasolacrimal  duct,  which  Ties  under  cover  of  the  front  of  the 
inferior  nasal  concha,  is  situated  about  2.5  cm.  behind  the  naris  and  2  cm.  above 
the  level  of  the  floor  of  the  nasal  cavitv. 


,-0      '^  Fharyngopalaline  anh 


I 


ifOmiM 


FiQ.  lOSZ.—Tbe  moulb  CHviCy.    The  Qhcekg  hsve  been  slit  trannvenel.v  and  the  tongue  pulled  forward. 

The  Mouth. — The  orifice  of  the  mouth  is  bounded  hy  the  lips,  which  are  covered 
externally  by  the  whitish  skin  and  internally  by  the  red  mucous  membrane.  The 
size  of  the  orifice  varies  considerably  in  different  individuals,  but  seems  to  bear  a 
close  relationship  to  the  size  and  prominence  of  the  teeth;  its  angles  usually  corre- 
spond to  the  lateral  borders  of  the  canine  teeth.  Running  down  the  centre  of  the 
outer  surface  of  the  upper  lip  is  a  shallow  groove — the  i^Utrum.  If  the  lips  be 
everted  there  can  be  seen,  in  the  middle  line  of  each,  a  small  fold  of  mucous  mem- 
brane—the trennliun — passing  from  the  lip  to  the  gum.    By  pulling  the  angle  of  the 
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mouth  outward  the  mucous  membrane  of  the  cheek  can  be  inspected,  and  on  this, 
opposite  the  second  molar  tooth  of  the  maxilla,  is  the  little  papilla  which  marks 
the  orifice  of  the  parotid  duct. 

In  the  floor  of  the  mouth  is  the  tongue  (Fig.  1082).  Its  upper  surface  is  convex 
and  is  marked  along  the  middle  line  by  a  shallow  sulcus;  the  anterior  two-thirds 
are  rough  and  studded  with  papillie;  the  posterior  third  Is  smooth  and  tuberculated. 
The  division  between  the  anterior  two-thirds  and  the  posterior  third  is  marked 
by  a  V-shaped  furrow,  the  sulcus  terminalis,  which  is  situated  immediately  behind 
the  line  of  the  vallate  papillte. 


Fia,  1083.— Thi 


On  the  under  surface  of  the  tongue  (Fig.  1083)  the  mucous  membrane  is  smooth 
and  devoid  of  papillse.  In  the  middle  line,  the  mucous  membrane  extends  to  the 
floor  of  the  mouth  as  a  distinct  fold — the  frenulum — the  free  edge  of  which  runs 
forward  to  the  symphysis  menti.  ISometimes  the  ranine  vein  can  be  seen  immedi- 
ately beneath  the  mucous  membrane,  a  little  lateral  to  the  frenulum.  Close  to  the 
attachment  of  the  frenulum  to  the  floor  of  the  mouth,  the  slit-like  orifice  of  the 
submaxillary  duct  is  visible  on  either  side.  Running  backward  and  lateralward 
from  the  orifice  of  the  submaxillary  duct  is  the  plica  sublingualis,  produced  by 
the  projection  of  the  sublingual  gland  which  lies  immediately  beneath  the  mucous 
membrane.  The  plica  serves  also  to  indicate  the  line  of  the  submaxillary  duct 
and  of  the  lingual  nerve.  At  the  back  of  the  mouth  is  the  isthmus  faucium,  bounded 
above  by  the  palatine  velum,  from  the  free  margin  of  which  the  uvula  projects 
downward  in  the  middle  line.  On  either  side  of  the  isthmus  are  the  two  palatine 
arches,  the  anterior  formed  by  the  Glossopalatinus  and  the  posterior  bj^  the  Pharjn- 
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gopa,latinus.  Between  the  two  arches  of  either  side  is  the  palatine  toiuil,  above 
which  is  the  small  supratonsillar  recess;  the  position  of  the  tonsil  corresponds  to 
the  angle  of  the  mandible.  When  the  mouth  is  opened  widely,  a  tense  band^ — 
the  pterygomandibular  raphe — can  be  seen  and  felt  lateral  to  the  glossopalatlne 
arch.  Its  lower  end  is  attached  to  the  mandible  behind  the  last  molar  tooth, 
and  immediately  below  and  in  front  of  this  the  lingual  serve  can  be  felt;  the  upper 

Sanal  sfpl-um 


Fia.  10S4,— Front  of  Dual  put  of  phHiyni 


end  of  the  ligament  can  be  traced  to  the  pterygoid  hamulus.  About  1  cm.  in  front 
of  the  hamulus  and  1  cm.  medial  to  the  last  molar  tooth  of  the  maxilla  is  the  greater 
palatine  foramen  through  which  the  descending  palatine  vessels  and  the  anterior 
palatine  nerve  emerge.  Behind  the  last  molar  tooth  of  the  maxilla  the  cotxjnoid 
process  of  the  mandible  is  palpable. 


Uedian  glonoepiffiotlii /old 

'  6/tpigtoUit 


-  Ary^ioloUiiMd 
-Cunii/ormcartilagt 


Bj-  tilting  the  head  well  back  a  portion  of  the  posterior  pharyngeal  wall,  corre- 
.sponding  to  the  site  of  the  second  and  third  cer%ical  vertebrae,  can  be  seen  through 
the  isthmus  faucium.  On  introducing  the  finger  the  anterior  surfaces  of  the  upper 
cervical  vertebrse  can  be  felt  through  the  thin  muscular  wall  of  the  pharj'nx; 
if  the  finger  be  hooked  round  the  palatine  velum,  the  choan^  can  be  distinguished  in 
front,  and  the  pharyngeal  ostium  of  the  auditory  tube  on  either  side.  The  level 
of  the  choanse  is  that  of  the  atlas,  while  the  palatine  velum  is  opposite  the  body 
of  the  axis. 
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With  the  larjngoscope  many  other  structures  can  be  seen.  In  the  nasal  part 
of  the  pharynx  (Fig,  1084),  the  choante,  the  nasal  septum,  the  nasal  conchte,  and 
the  pharyngeal  ostia  of  the  auditory  tubes  can  all  be  examined.  Further  down,  the 
base  of  the  tongue,  the  anterior  surface  of  the  epiglottis  with  the  glossoepiglottic 
and  pharyngoepiglottic  folds  bounding  the  valleculie,  and  the  pynform  sinuses,  are 
readily  distinguished.  Beyond  these  is  the  entrance  to  the  larynx,  bounded  on 
either  side  by  the  arjepiglottic  folds,  in  each  of  which  are  two  rounded  eminences 
corresponding  to  the  corniculate  and  cuneiform  cartilages. 

Within  the  larjnx  (Fig.  1085)  on  either  side  are  the  ventricular  and  vocal  folds 
(false  and  true  vocal  cords)  with  the  ventricle  between  them.  Still  deeper  are 
seen  the  cricoid  cartilage  and  the  anterior  parts  of  some  of  the  cartilaginous  rings 
of  the  trachea,  and  sometimes,  during  deep  inspiration,  the  bifurcation  of  the 
trachea. 

The  Eye. — The  palpebral  fissure  is  elliptical  in  shape,  and  \'aries  in  form  in  dif- 
ferent individuals  and  in  different  races  of  mankind;  normally  it  is  oblique,  in  a 
direction  upward  and  lateralward,  so  that  the  lateral  commissure  is  on  a  slightly 
higher  level  than  the  medial.  When  the  eyes  are  directed  forward  as  in  ordinary 
vision  the  upper  part  of  the  cornea  is  covered  by  the  upper  eyelid  and  its  lower 
margin  corresponds  to  the  level  of  the  free  margin  of  the  lower  eyelid,  so  that 
usually  the  lower  three-fourths  are  exposed. 

At  the  medial  commissure  (Fig.  1086)  are  the  caruncula  lacrimalis  and  the  plica 
semilunaris.     When  the  lids  are  everted,  the  tarsal  glands  appear  as  a  series  of 
nearly   straight  parallel  rows  of 
light   yellow    granules.     On   the 
margins  of  the  lids  about  5  mm. 
from  the  medial  commissure  are 
two  small  openings — the  lacrimal 
pnncta;  in  the   natural  condition 
they  are  in  contact  with  the  con- 
junctiva of  the  bulb  of  the  eye,    Pumn™  iocnmoi« 
so  that  it  is  necessary-  to  evert     ^"™'™*'''"°|^ 
the  eyelids  to  expose  them.    The 
position  of  the  lacrimal  sac  is  indi-    ^^"^^^l^^i 
cated  by  a  little  tubercle  which  /ancj. 

can  be  plainly  felt  on  the  lower 
margin  of  the  orbit;  the  sac  lies 
immediately  above  and  medial  to 
the  tubercle.  If  the  eyelids  be 
drawn  lateralward  so  as  to  tighten 

the  skin  at  the  medial  commissure  ^"'-  '««—*■"""  "'  ''i'^],",  tl'n'ihX"^'  »j»™i*d  to  .how 
a  prominent  core  can  be  felt  be- 
neath the  tightened  skin;  this  is  the  medial  palpebral  ligament,  which  lies  over 
the  junction  of  the  upper  with  the  lower  two-thirds  of  the  sac,  thus  forming  a 
useful  guide  to  its  situation.  The  direction  of  the  nasolacrimal  duct  is  indicated 
by  a  line  from  the  lacrimal  sac  to  the  first  molar  tooth  of  the  maxilla;  the  length 
of  the  duct  is  about  12  or  IS  mm. 

On  looking  into  the  eye,  the  iris  with  its  opening,  the  pupil,  and  the  front  of  the 
lens  can  be  examined,  but  for  investigation  of  the  retina  an  ophthalmoscope  is  neces- 
sary. With  this  the  lens,  the  vessels  of  the  retina  the  optic  disk,  and  the  macula 
lutea  can  all  be  inspected  (Fig.  1087). 

On  the  lateral  surface  of  the  nasal  part  of  the  frontal  bone  the  pulley  of  the 
ObliqnuB  superior  can  be  easily  reached  b\-  pushing  the  finger  backward  along  the 
roof  of  the  orbit;  the  tendon  of  the  muscle  can  be  traced  for  a  short  distance  back- 
ward and  lateralward  from  the  pulley. 
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Fig.  10S7.— The  interior  at  the  posterior  half  of  the  left  eyebaU. 

The  Ear. — The  various  prominences  and  fosste  of  the  auricula  (see  page  1044) 
are  visible  {Fig.  1088).    The  opening  of  the  eztenal  acoustic  meatus  is  exposed  by 
drawing  the  tragus  forward ;  at  the  orifice  are  a  few 
short  crisp  hairs  which  serve  to  prevent  the  entrance 
of  dust  or  of  small  insects;  beyond  this  the  secretion 
of  the  ceniminotu  glands  serves  to  catch  any  small 
particles  which  may  find  their  way  into  the  meatus. 
The  interior  of  the  meatus  can  be  examined  through 
a   speculum.    At  the  line  of  junction  of  its  bony 
and  cartilaginous  portions  an  obtuse  angle  is  formed 
which  projects  into  the  antero-inferior  wall   and 
produces  a  narrowing  of  the  lumen  in  this  situation. 
The  cartilaginous  part,  however,  is  connected  to  the 
bony  part  by  fibrous  tissue  which  renders  the  outer 
part  of  the  meatus  very  movable,  and  therefore  by 
drawing  the  auricula  upward,  backward,  and  slightly 
outward,  the  canal  is  rendered  almost  straight.    In 
children  the  meatus  is  very  short,  and  this  should 
be  remembered  in  introducing  the  speculum. 
Through  the  speculum  the  greater  part  of  the  tym- 
F,a.  1088-T^^.uric^a  or  pr-n.,       ^^^^  membrane  (Fig.  1089)  is  visible.    It  is  a  pearly- 
gray  membrane  slightly  glistening  in  the  adult,  placed 
obliquely  so  as  to  form  with  the  floor  of  the  meatus  an  angle  of  about  55°.    At 
birth  it  is  more  horizontal  and  situated  in  almost  the  same  plane  as  the  base  of  the 
skull.    The  membrane  is  concave  outward,  and  the  point  of  deepest  concavity — 
the  umbo — is  slightly  below  the  centre.     Running  upward  and  slightly  forward 
from  the  umbo  is  a  reddish-yellow  streak  produced  by  the  manubrium  of  the 
malleus.    This  streak  ends  above  just  below  the  roof  of  the  meatus  at  a  small 
white  rounded  prominence  which  is  caused  by  the  lateral  process  of  the  malleus 
projecting  against  the  membrane.     The  anterior  and  posterior  malleolar  (olds 
extend  from  the  prominence  to  the  circumference  of  the  membrane  and  enclose 
the  pars  flaccida.    Behind  the  streak  caused  by  the  manubrium  of  the  malleus  a 
second  streak,  shorter  and  very  faint,  can  be  distinguisheti;  this  is  the  long  cms 
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of  Uie  incos.  A  narrow  triangular  patch  extending  downward  and  fom'ard  from  the 
umbo  reflects  the  light  more  brightly  than  any  other  part,  and  is  usually  described 
as  the  cone  of  light. 

Post,  malkolar/cld 

\  /   T,nl.  itroc  of  matleua 

malleolar  Jnid 

Mantihrimn 

of  maiitKs 

FoMero-a  aperior 

quadrant  .    . 

AnKro-supenor 
Potkro-inferior  quadrani 

qvadranl  Umbo 


Aviero-i-nfcrior  quadrant 
Fie.  lOSS. — Tbe  ri|bt  ^mpBaic  membrane  u  aaen  through  ■ 


\   "' 

Styloid  process 


Tympanic  Antrum. — The  site  of  the  tympanic  antrum  is  indicated  by  the  8upra- 
meatal  triang>Ie  (Fig.  1090).  This  triangle  is  bounded  above  by  the  posterior  root 
of  the  zygomatic  arch;  behind  by  a  vertical  line  from  the  posterior  bonier  of  the 
external  acoustic  meatus;  in  front  and  below  by  the  upper  margin  of  the  meatus. 

Th«  Neck  (Fig.  1091). — ^Larynx  and  Trachea. — In  the  receding  angle  below  the 
chin,  the  hyoid  bone  (page  127l>),  situated  opposite  tbe  fourth  cervical  vertebra,  can 
easily  be  made  out.    A  finger's  breadth  below  it  is  the  laryngeal  prominence  of  the 
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thTToid  eutil&fe;  the  space  iatervening  between  the  hyoid  bone  and  the  thj-roid 
cartilage  is  occupied  by  the  hroUiTToid  membrane.  The  outlines  of  the  th\Toid 
cartilage  are  readily  palpated;  below  its  lower  border  is  a  depression  corresponding 
to  the  middle  cricotbTTOid  Ufunent.  The  level  of  the  vocal  folds  corresponds  to 
the  middle  of  the  anterior  margin  of  the  thjToid  cartilage.  The  anterior  part  of 
the  cricoid  cartilage  forms  an  important  landmark  on  the  front  of  the  neck;  it 
lies  opposite  the  sixth  cervical  vertebra,  and  indicates  the  junctions  of  pharjmc 
with  cesophagus,  the  iarj-nx  with  trachea.  Below  the  cricoid  cartilage  the  trachea 
can  be  felt,  though  it  is  only  in  thin  subjects  that  the  separate  rings  can  be  distin- 
guished; as  a  rule  there  are  seven  or  eight  rings  above  the  jugular  notch  of  the 
sternum,  and  of  these  the  second,  third,  and  fourth  are  covered  by  the  isthmus 
of  the  thyroid  gland. 


H^p.  thvrt 
Point  a/bifiii 


Blnseles. — ^The  posterior  bell^'  of  DiKaatricos  is  marked  out  by  a  line  from  the  tip 
of  the  mastoid  process  to  the  junction  of  the  greater  coniu  and  body  of  the  hyoid 
bone;  a  line  from  this  latter  point  to  a  point  just  lateral  to  the  symphysis  menti 
indicates  the  position  of  the  anterior  belly.  The  line  of  Omobyoideua  begins  at 
the  lower  border  of  the  hyoid  bone,  curves  downward  and  lateralward  to  cross 
SternocleidomaBtoideua  at  the  junction  of  its  middle  and  lower  thirds,  i.  e.,  opposite 
the  cricoid  cartilage,  and  then  runs  more  horizontally'  to  the  acromial  end  of  the 
clavicle. 

Arteries. — The  position  of  the  common  carotid  artery  in  the  neck  is  indicated 
by  a  line  drawn  from  the  upper  part  of  the  sternal  end  of  the  clavicle  to  a  point 
midway  between  the  tip  of  the  mastoid  process  and  the  angle  of  the  mandible. 
From  the  clavicle  to  the  upper  border  of  the  thyroid  cartilage  this  line  overlies 
the  common  carotid  artery,  beyond  this  it  is  over  the  external  carotid.  The 
external  carotid  artery  may  otherwise  be  marked  out  by  the  upper  part  of  a  line 
from  the  side  of  the  cricoid  cartilage  to  the  front  of  the  external  acoustic  meatus. 
arching  the  line  slightly  forward. 

The  points  of  origin  of  the  main  branches  of  the  external  carotid  in  the  neck 
are  all  related  to  the  tip  of  the  greater  cornu  of  the  hyoid  bone  as  follows:  (1)  the 
superior  thyroid,  immeiliatelj'  below  it;  ('2}  the  lingual,  on  a  le^'el  with  it;  (3)  the 
facial,  and  (4)  the  occipital  a  little  above  and  behind  it. 
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The  subclavian  artery  is  indicated  on  the  surface  by  a  curved  line,  convex  upward, 
from  the  sternoclavicular  articulation  to  the  middle  of  the  clavicle.  The  highest 
point  of  the  convexity  is  from  1  to  3  cm.  above  the  clavicle. 

Veins. — ^The  surface  marking  for  the  internal  jugular  vein  is  slightly  lateral 
and  parallel  to  that  for  the  conmion  carotid  artery.  The  position  of  the  external 
jugular  vein  is  marked  out  by  a  line  from  the  angle  of  the  mandible  to  the  middle 
of  the  clavicle.  A  point  on  this  line  about  4  cm.  above  the  clavicle  indicates  the 
spot  where  the  vein  pierces  the  deep  fascia.  The  line  of  the  anterior  jugular  vein 
begins  close  to  the  symphysis  menti,  runs  downward  parallel  with  and  a  little 
to  one  side  of  the  middle  line  and,  at  a  variable  distance  above  the  jugular  notch, 
turns  lateralward  to  the  external  jugular. 

Nerves. — ^The  facial  nerve  at  its  exit  from  the  stylomastoid  foramen  is  situated 
about  2.5  cm.  from  the  surface,  opposite  the  middle  of  the  anterior  border  of  the 
mastoid  process;  a  horizontal  line  from  this  point  to  the  ramus  of  the  mandible 
overlies  the  stem  of  the  nerve.  To  mark  the  site  of  the  accessory  nerve  a  line  is 
drawn  from  the  angle  of  the  mandible  to  a  point  on  the  anterior  border  of  Sterno- 
cleidomastoideus  about  3  to  4  cm.  below^  the  apex  of  the  mastoid  process,  or  to  the 
midpoint  of  the  posterior  border  of  the  muscle;  the  line  is  continued  across  the 
posterior  triangle  to  Trapezius. 

The  cutaneous  branches  of  the  cervical  plexus  as  they  emerge  from  the  posterior 
border  of  Sternocleidomastoideus  may  be  indicated  as  follows:  the  lesser  occipital 
begins  immediately  above  the  midpoint  of  the  border  and  runs  along  the  border  to 
the  scalp;  the  great  auricular  and  cervical  cutaneous  both  start  from  the  middle 
of  the  border,  the  former  running  upward  toward  the  lobule  of  the  auricula,  the 
latter  crossing  Sternocleidomastoideus  at  right  angles  to  its  long  axis;  the  supra- 
clavicular nerves  emerge  from  immediately  below  the  middle  of  the  posterior  border 
and  run  down  over  the  clavicle.  The  phrenic  nerve  begins  at  the  level  of  the  middle 
of  the  thyroid  cartilage  and  runs  behind  the  clavicle  about  midway  between  the 
anterior  and  posterior  borders  of  Sternocleidomastoideus. 

The  upper  border  of  the  brachial  plexus  is  indicated  by  a  line  from  the  side  of 
the  cricoid  cartilage  to  the  middle  of  the  clavicle. 

Submaxillary  Gland. — On  either  side  of  the  neck  the  superficial  portion  of  the 
submaxillary  gland,  as  it  lies  partly  under  cover  of  the  mandible,  can  be  palpated. 
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Bones. — ^The  only  subcutaneous  parts  of  the  vertebral  column  are  the  apices 
of  the  spinous  processes.  These  are  distinguishable  at  the  bottom  of  a  furrow 
which  runs  down  the  middle  line  of  the  back  from  the  external  occipital  protuber- 
ance to  the  middle  of  the  sacrum.  In  the  cervical  region  the  furrow  is  broad  and 
ends  below  in  a  conspicuous  projection  caused  by  the  spinous  processes  of  the 
seventh  cervical  and  first  thoracic  vertebrae.  Above  this,  the  spinous  process  of  the 
sixth  cervical  vertebra  sometimes  forms  a  projection;  the  other  cervical  spinous 
processes  are  sunken,  but  that  of  the  axis  can  be  felt.  In  the  thoracic  region  the 
furrow  is  shallow  and  during  stooping  disappears,  and  then  the  spinous  processes 
become  more  or  less  visible;  the  markings  produced  by  them  are  small  and  close 
together.  In  the  lumbar  region  the  furrow  is  deep  and  the  situations  of  the  spinous 
processes  are  frequently  indicated  by  little  pits  or  depressions,  especially  when  the 
muscles  in  the  loins  are  well-developed.  In  the  sacral  region  the  furrow  is  shallower, 
presenting  a  flattened  area  which  ends  below  at  the  most  prominent  part  of  the 
dorsal  surface  of  the  sacrum,  i.  e.,  the  spinous  process  of  the  third  sacral  vertebra. 
At  the  bottom  of  the  sacral  furrow  the  irregular  dorsal  surface  of  the  bone  may  be 
felt,  and  below  this,  in  the  deep  groove  running  to  the  anus,  the  coccyx. 

The  only  other  portions  of  the  vertebral  column  which  can  be  felt  from  the 
surface  are  the  transverse  procesvses  of  the  first,  sixth,  and  seventh  cervical  vertebree. 
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ninseles. — The  muscles  proper  of  the  back  are  so  obscured  by  those  of  the  upper 
extremity  (Fig.  1092)  that  they  have  very  little  influence  on  surface  form.  The 
Splenii  by  their  divergence  ser\'e  to  broaden  out  the  upper  part  of  the  back  of  the 
neck  and  produce  a  fulness  in  this  situation.    In  the  loin  the  Sacrospinales,  bound 


Spine  of  Mapula 

RJumtboidau  major 
Teret  major 


doVsii  by  the  lumbodorsal  fascia,  form  rounded  \ertical  eminences  which  determine 
the  depth  of  the  spinal  furrow  and  taper  below  to  a  point  on  the  dorsal  surface  of 
the  sacrum.  The  continuations  of  the  Sacrospinales  in  the  lower  thoracic  region 
form  flattened  planes  which  arc  gradually  lost  on  passing  upward. 
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8UKFACE  MABEIHaS  OF  THE  BACK. 

Bony  Landmarks. — In  order  to  identify  any  particular  spinous  process  it  is 

customary  to  count  from  the  prominence  caused  bj'  the  seventh  cervical  and  first 
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thoracic;  of  these  the  latter  is  the  more  prominent.  The  root  of  the  spine  of  the 
scapula  is  on  a  level  with  the  tip  of  the  spinous  process  of  the  third  thoracic  vertebra, 
and  the  inferior  angle  with  that  of  the  seventh.    The  highest  point  of  the  iliac 

crest  is  on  a  level  with  the  spinous 


process  of  the  fourth  lumbar,  and  the 
posterior  superior  iliac  spine  with  that 
of  the  second  sacral. 

The  transverse  process  of  the  atlas 
is  about  1  cm.  below  and  in  front  of 
the  apex  of  the  mastoid  process.  The 
transverse  process  of  the  sixth  cervical 
vertebra  is  opposite  the  cricoid  carti- 
lage; below  it  is  the  transverse  pro- 
cess of  the  seventh  and  occasionally 
a  cervical  rib. 


ai^: 


irwcoijci) 


Medulla  Spinalis. — The  position  of  the  lower  end  of  the  medulla  spinalis  varies 
slightly  with  the  movements  of  the  vertebral  column,  but,  in  the  adult,  in  the 
upright  posture  it  h  usually  at  the  level  of  the  spinous  process  of  the  second  lumbar 
vertebra  (Fig.  lOO.'i);  at  birth  it  lies  at  the  level  of  the  fourth  lumbar. 

The  subdural  and  aubarachnoid  cavities  end  below  opposite  the  spinous  process 
of  the  third  sacral  vertebra  (Fig.  1094). 
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Spinal  Nerves  (Fig.  1095). — ^The  table  on  page  1293,  after  Maealister,  shows  the 
relations  which  the  places  of  attachment  of  the  nerves  to  the  medulla  spinalis 
present  to  the  bodies  and  spinous  processes  of  the  vertebrae. 


SURFACE  ANATOMT  OF  THE  THORAX. 

Bones. — ^The  skeleton  of  the  thorax  is  to  a  very  considerable  extent  covered  by 
muscles,  so  that  in  the  strongly  developed  muscular  subject  it  is  for  the  most  part 
concealed.  In  the  emaciated  subject,  however,  the  ribs,  especially  in  the  lower  and 
lateral  regions,  stand  out  as  prominent  ridges  with  the  sunken  intercostal  spaces 
between  them. 

In  the  middle  line,  in  front,  the  superficial  surface  of  the  sternum  can  be  felt 
throughout  its  entire  length  at  the  bottom  of  a  furrow,  the  sternal  furrow,  situated 
between  the  Pectorales  majores.  These  muscles  overlap  the  anterior  surface 
somewhat,  so  that  the  whole  width  of  the  sternum  is  not  subcutaneous,  and  this 
overlapping  is  greatest  opposite  the  middle  of  the  bone;  the  furrow,  therefore,  is 
wide  at  its  upper  and  lower  parts  but  narrow  in  the  middle.  At  the  upper  border 
of  the  manubrium  sterni  is  the  jugular  notch:  the  lateral  parts  of  this  notch  are 
obscured  by  the  tendinous  origins  of  the  Sternocleidomastoidei,  which  appear  as 
oblique  cords  narrowing  and  deepening  the  notch.  Lower  down  on  the  subcu- 
taneous surface  is  a  well-defined  transverse  ridge,  the  sternal  angle;  it  denotes  the 
junction  of  the  manubrium  and  body.  From  the  middle  of  the  sternum  the  sternal 
furrow  spreads  out  and  ends  at  the  junction  of  the  body  with  the  xiphoid  process. 
Immediately  below  this  is  the  infrastemal  notch;  between  the  sternal  ends  of  the 
seventh  costal  cartilages,  and  below  the  notch,  is  a  triangular  depression,  the 
epigastric  fossa,. in  which  the  xiphoid  process  can  be  felt. 

On  either  side  of  the  sternum  the  costal  cartilages  and  ribs  on  the  front  of  the 
thorax  are  partly  obscured  b}-  the  Pectoralis  major,  through  which,  however,  they 
can  be  felt  as  ridges  w^ith  yielding  intervals  between  them  corresponding  to  the 
intercostal  spaces.  Of  these  spaces,  that  between  the  second  and  third  ribs  is  the 
widest,  the  next  two  are  somewhat  narrower,  and  the  remainder,  with  the  exception 
of  the  last  two,  are  comparatively  narrow. 

Below  the  lower  border  of  the  Pectoralis  major  on  the  front  of  the  chest,  the 
broad  flat  outlines  of  the  ribs  as  they  descend,  and  the  more  rounded  outlines  of  the 
costal  cartilages,  are  often  visible.  The  lower  boundary  of  the  front  of  the  thorax, 
which  is  most  plainly  seen  by  bending  the  body  backward,  is  formed  by  the  xiphoid 
process,  the  cartilages  of  the  seventh,  eighth,  ninth,  and  tenth  ribs,  and  the  ends  of 
the  cartilages  of  the  eleventh  and  twelfth  ribs. 

On  either  side  of  the  thorax,  from  the  axilla  downward,  the  flattened  external 
surfaces  of  the  ribs  may  be  defined.  Although  covered  by  muscles,  all  the  ribs, 
with  the  exception  of  the  first,  can  generally  be  followed  without  difficulty  over  the 
front  and  sides  of  the  thorax.  The  first  rib  being  almost  completely  covered  by 
the  clavicle  can  only  be  distinguished  in  a  small  portion  of  its  extent. 

At  the  back,  the  angles  of  the  ribs  lie  on  a  slightly  marked  oblique  line  on  either 
side  of,  and  some  distance  from,  the  spinous  processes  of  the  vertebrse.  The  line 
diverges  somewhat  as  it  descends,  and  lateral  to  it  is  a  broad  convex  surface  caused 
by  the  projection  of  the  ribs  beyond  their  angles.  Over  this  surface,  except  where 
covered  by  the  scapula,  the  individual  ribs  can  be  distinguished. 

Muscles. — ^The  surface  muscles  covering  the  thorax  belong  to  the  musculature 
of  the  upper  extremity  (Figs.  1096,  1100),  and  will  be  described  in  that  section 
(page  1319).  There  is,  however,  an  area  of  practical  importance  bounded  by  these 
muscles.  It  is  limited  above  by  the  lower  border  of  Trapezius,  below  by  the  upper 
border  of  Latissimus  dorsi,  and  laterally  by  the  vertebral  border  of  the  scapula;  the 
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Tin-  tii/f  of  the  nmiiimu  is  subject  ti>  great  variations.  In  the  adult 
iJulliimrdiiM  ti'iiinU-,  it  cxlciirls  verti<-ally  from  the  second  to  the  sixth  rib,  and 
tmrpsvi'Mi'ly  fnnu  llic  huU-  of  thtt  sternum  to  the  midaxillary  line.  In  the  male  and 
in  llic  riiiltiiiiiroiiH  fi-inalr  tbi-  vaammuj  ptpUU  is  situated  in  the  fourth  interspace 
itlxtiit  i)  iir  Ht  cni.  frimi  tin-  iniiidlc  line,  or  2  cm.  from  the  costochondral  junction. 

SUXFACE  HARKINOB  OF  THE  THORAX. 

Bonj  LutdntMlu.  The  second  costiil  cartilaRp  corresponding  to  the  sternal 
iuikIi'  in  no  rcinlily  foinid  llnit  it  is  used  as  u  starting-point  from  which  to  count  the 
ribrt.  Tbi-  lower  border  of  the  I'ertorulis  major  at  its  attachment  corresponds  to 
llu'  llftb  rili;  the  ii|i|i<Tmost  visil)h'  digitntion  of  Serratus  anterior  indicates  the 
Mxth  rib. 

The  jngnlur  notch  is  in  the  smiie  hori/ontnl  piano  as  the  lower  border  of  the  body 
of  the  M'eiitiil  ihoraeie  vertclim;  the  sternal  angle  is  at  the  level  of  the  fifth  thoracic 
vertt'lini,  while  the  jnnclion  between  the  IkmIv  and  xiphoid  process  of  the  sternum 
eorrenpond^H  to  the  libnu-artihigc  between  the  ninth  and  tenth  thoracic  vertebrse. 

The  inlhieiu-e  nf  the  nblii|uit>  of  tlie  ribs  on  horii^ontnl  levels  in  the  thorax  is 
Well  ?.lniwii  b\  the  ftillnwiiig  line.  "  If  a  horizontal  line  bo  drawn  around  the  body 
al  the  level  of  the  inferior  angle  of  the  scapula,  while  the  arms  are  at  the  sides,  the 
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line  would  cut  the  sternum  in  front  between  the  fourth  and  fifth  ribs,  the  fifth  rib* 
in  the  nipple  line,  and  the  ninth  rib  at  the  vertebral  column."    (Treves). 

Diftphragma.— The  shape  and  variations  of  the  Diaphragma  as  seen  hy  skia- 
graphy have  already  been  described  (page  497). 

Surface  Lines. — For  clinical  purposes,  and  for  convenience  of  description,  the 
surface  of  the  thorax  has  been  mapped  out  by  arbitrary  lines  (Fig.  1101).  On  the 
front  of  the  thorax  the  most  important  vertical  lines  are  the  mldsternal,  the  middle 
line  of  the  sternum;  and  the  mammary,  which  runs  vertically  downward  from  a 
■point  midway  between  the  centre  of  the  jugular  notch  and  the  tip  of  the  acromion. 
This  latter  line,  if  prolonged,  is  practically  continuous  with  the  lateral  line  on  the 
front  of  the  abdomen.  Other  vertical  lines  on  the  front  of  the  thorax  are  the  lateral 
sternal  along  the  sternal  margin,  and  the  parasternal  midway  between  the  lateral 
sternal  and  the  mammary. 

On  either  side  of  the  thorax  the  anterior  and  posterior  axUlar;  lines  are  drawn 
vertically  from  the  corresponding  axillary  folds;  the  midaxillary  line  runs  down- 
ward from  the  apex  of  the  axilla. 

On  the  posterior  surface  of  the  thorax  the  scapular  line  is  drawn  vertically 
through  the  inferior  angle  of  the  scapula. 


^  k 


Fia.  1097. — Front  o(  thonti,  ghoitinc  turfue  nLuiiuis  of  boiue,  luoaa  (purple],  pleim  (blue),  uid  hsBrt  (red 
outline).    P.  FulmauBry  raive.    A.  Aortic  valve.    B.  Bictupid  vaTva.    T.  Trieuiiiid  valre. 

Pleona  (Figs.  1097, 1098).— The  lines  of  reflection  of  the  pleurK  can  be  indicated 
on  the  surface.  On  the  right  side  the  line  liegins  at  the  sternoclavicular  articulation 
and  runs  downward  and  medialward  to  the  midpoint  of  the  junction  between  the 
manubrium  and  body  of  the  sternum.  It  then  follows  the  midsternal  line  to  the 
lower  end  of  the  body  of  the  sternum  or  on  to  the  xiphoid  process,  where  it  turns 
lateralward  and  downward  across  the  seventh  sternocostal  articulation.  It  crosses 
the  eighth  costochondral  junction  in  the  mammarj-  line,  the  tenth  rib  in  the  mid- 
axillary  line,  and  is  prolonged  thence  to  the  spinous  process  of  the  twelfth  thoracic 
vertebra. 
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On  the  left  side,  beginning  at  the  sternoclavicular  articulation,  it  reaches  the 
midpoint  of  the  junction  between  the  manubrium  and  body  of  the  sternum,  and 
extends  down  the  midstemal  line  in  contact  with  that  of  the  opposite  side  to  the 
level  of  the  fourth  costal  cartilage.  It  then  diverges  lateralward  and  is  continued 
downward  slightly  lateral  to  the  sternal  border,  as  far  as  the  sixth  costal  cartilage. 
Running  downward  and  lateralward  from  this  point  it  crosses  the  seventh  costal 
cartilage,  and  from  this  onward  it  is  similar  to  the  line  on  the  right  side,  but  at  a 
slightly  lower  level. 

Lungs  (Figs.  1097, 1098). — ^The  apex  of  the  lung  is  situated  in  the  neck  above  the 
medial  third  of  the  clavicle.  The  height  to  which  it  rises  above  the  clavicle  varies 
very  considerably,  but  is  generally  about  2.5  cm.  It  may,  however,  extend  as 
high  as  4  or  5  cm.,  or,  on  the  other  hand,  may  scarcely  project  above  the  level 
of  this  bone. 


Fzo.  1098. — Side  of  thorax,  showing  surface  markings  for  bones,  lungs  (purple),  pleura   (blue),  and  spleen  (green)  . 


In  order  to  mark  out  the  anterior  borders  of  the  lungs  a  line  is  drawn  from  each 
apex  point— 2.5  cm.  above  the  clavicle  and  rather  nearer  the  anterior  than  the 
posterior  border  of  Sternocleidomastoideus — downward  and  medialward  across  the 
sternoclavicular  articulation  and  manubrium  sterni  until  it  meets,  or  almost  meets, 
its  fellow  of  the  other  side  at  the  midpoint  of  the  junction  between  the  manubrium 
and  body  of  the  sternum.  From  this  point  the  two  lines  run  downward,  prac- 
tically along  the  midsternal  line,  as  far  as  the  level  of  the  fourth  costal  cartilages. 
The  continuation  of  the  anterior  border  of  the  right  lung  is  marked  by  a  prolonga- 
tion of  its  line  vertically  downward  to  the  level  of  the  sixth  costal  cartilage,  and 
then  it  turns  lateralward  and  downward.  The  line  on  the  left  side  curves  lateralward 
and  downward  across  the  fourth  sternocostal  articulation  to  reach  the  parasternal 
line  at  the  fifth  costal  cartilage,  and  then  turns  medialward  and  downward  to  the 
sixth  sternocostal  articulation. 
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In  the  position  of  expiration  the  lower  border  of  the  lung  may  be  marked  by  a 
slightly  curved  line  with  its  convexity  downward,  from  the  sixth  sternocostal 
junction  to  the  tenth  thoracic  spinous  process.  This  line  crosses  the  mammary 
line  at  the  sixth,  and  the  midaxillary  line  at  the  eighth  rib. 

The  posterior  borders  of  the  lungs  are  indicated  by  lines  drawn  from  the  level 
of  the  spinous  process  of  the  seventh  cervical  vertebra,  down  either  side  of  the 
vertebral  column,  across  the  costovertebral  joints,  as  low  as  the  spinous  process 
of  the  tenth  thoracic  vertebra. 

The  position  of  the  oblique  fissure  in  either  lung  can  be  shown  by  a  line  drawn 
from  the  spinous  process  of  the  second  thoracic  vertebra  around  the  side  of  the 
thorax  to  the  sixth  rib  in  the  mammary  line;  this  line  corresponds  roughly  to  the 
line  of  the  vertebral  border  of  the  scapvla  when  the  hand  is  placed  on  the  top  of 
the  head.  The  horisontal  fissure  in  the  right  lung  is  indicated  by  a  line  drawn  from 
the  midpoint  of  the  preceding,  or  from  the  point  where  it  cuts  the  midaxillary  line, 
to  the  midsternal  line  at  the  level  of  the  fourth  costal  cartilage. 

Trachea. — ^This  may  be  marked  out  on  the  back  by  a  line  from  the  spinous 
process  of  the  sixth  cervical  to  that  of  the  fourth  thoracic  vertebra  where  it  bifur- 
cates; from  its  bifurcation  the  two  bronchi  are  directed  downward  and  lateralward. 
In  front,  the  point  of  bifurcation  corresponds  to  the  sternal  angle. 

(Esophainis. — ^The  extent  of  the  oesophagus  may  be  indicated  on  the  back  by  a 
line  from  the  sixth  cervical  to  the  level  of  the  ninth  thoracic  spinous  process, 
2.5  cm.  to  the  left  of  the  middle  line. 

Heart. — ^The  outline  of  the  heart  in  relation  to  the  front  of  the  thorax  (Figs 
1097,  1099)  can  be  represented  by  a  quadrangular  figure.  The  apex  of  the  heart 
is  first  determined,  either  by  its  pulsation  or  as  a  point  in  the  fifth  interspace, 
9  cm.  to  the  left  of  the  midsternal  line.  The  other  three  points  are:  (a)  the  seventh 
right  sternocostal  articulation;  (6)  a  point  on  the  upper  border  of  the  third  right 
costal  cartilage  1  cm.  from  the  right  lateral  sternal  line;  (c)  a  point  on  the  lower 
border  of  the  second  left  costal  cartilage  2.5  cm.  from  the  left  lateral  sternal  line. 
A  line  joining  the  apex  to  point  (a)  and  traversing  the  junction  of  the  body  of  the 
sternum  with  the  xiphoid  process  represents  the  lowest  limit  of  the  heart — its 
acute  margin.  The  right  and  left  borders  are  represented  respectively  by  lines 
joining  (a)  to  (b)  and  the  apex  to  (c) ;  both  lines  are  convex  lateralward,  but  the 
convexity  is  more  marked  on  the  right  where  its  summit  is  4  cm.  distant  from  the 
midsternal  line  opposite  the  fourth  costal  cartilage. 

A  portion  of  the  area  of  the  heart  thus  mapped  out  is  uncovered  by  lung,  and 
therefore  gives  a  dull  note  on  percussion;  the  remainder  being  overlapped  by  lung 
gives  a  more  or  less  resonant  note.  The  former  is  known  as  the  area  of  superficial 
cardiac  dulness,  the  latter  as  the  area  of  deep  cardiac  dulness.  The  area  of  super- 
ficial cardiac  dulness  is  somewhat  triangular;  from  the  apex  of  the  heart  two  lines 
are  drawn  to  the  midsternal  line,  one  to  the  level  of  the  fourth  costal  cartilage, 
the  other  to  the  junction  between  the  body  and  xiphoid  process;  the  portion  of  the 
midsternal  line  between  these  points  is  the  base  of  the  triangle.  Latham  lays 
down  the  following  rule  as  a  sufficient  practical  guide  for  the  definition  of  the  area 
of  superficial  dulness.  "Make  a  circle  of  two  inches  in  diameter  around  a  point 
midway  between  the  nipple  and  the  end  of  the  sternum." 

The  coronary  sulcus  can  be  indicated  by  a  line  from  the  third  left,  to  the  sixth 
right,  sternocostal  joint.  The  anterior  longitudinal  sulcus  is  a  finger's  breadth  to 
the  right  of  the  left  margin  of  the  heart. 

The  position  of  the  various  orifices  is  as  follows :  The  pulmonary  orifice  is  sit- 
uated in  the  upper  angle  of  the  third  left  sternocostal  articulation;  the  aortic 
orifice  is  a  little  below  and  medial  to  this,  close  to  the  articulation.  The  left  atrio- 
▼entricular  opening  is  opposite  the  fourth  costal  cartilage,  and  rather  to  the  left 
of  the  midsternal  line;  the  ri^ht  atrioventricular  opening  is  a  little  lower,  opposite 
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the  fourth  interspace  of  the  right  side.    The  lines  indicating  the  atrioventricular 
openings  are  slightly  below  and  parallel  to  the  line  of  the  coronary  sulcus. 

Arteries. — ^The  line  of  the  ascending  aorta  begins  slightly  to  the  left  of  the  mid- 
sternal  line  opposite  the  third  costal  cartilage  and  extends  upward  and  to  the 
right  to  the  upper  border  of  the  second  right  costal  cartilage.  The  beginning  of 
the  aortic  arch  is  indicated  by  a  line  from  this  latter  point  to  the  midsternal  line 
about  2.5  cm.  below  the  jugular  notch.  The  point  on  the  midsternal  line  is  oppo- 
site the  summit  of  the  arch,  and  a  line  from  it  to  the  right  sternoclavicular  articu- 
lation represents  the  site  of  the  innominate  artery,  while  another  line  from  a  point 
slightly  to  the  left  of  it  and  passing  through  the  left  sternoclavicular  articulation 
indicates  the  position  of  the  left  common  carotid  artery  in  the  thorax. 


FiQ.  1099. — Diagram  ahowing  relatiooa  of  oi>ened  heart  to  front  of  thoracic  wall.  Ant.  Anterior  aegment  of  tri- 
cuapid  valve.  A.O.  Aorta.  A.F.  Anterior  papillary  muBcle.  In.  Innominate  artery.  L.C.C.  Left  common  carotid 
artery.  L,S.  Left  subclavian  artery.  L.v.  Left  ventricle.  P. A.  Pulmonary  artery.  R.A.  Right  atrium.  R.V. 
Right  ventricle.    V.8.  Ventricular  septum. 


The  internal  mammary  artery  descends  behind  the  first  six  costal  cartilages 
about  1  cm.  from  the  lateral  sternal  line. 

Veins. — ^The  line  of  the  ri^^ht  innominate  vein  crosses  the  right  sternoclavicular 
joint  and  the  upper  border  of  the  first  right  costal  cartilage  about  1  cm.  from  the 
lateral  sternal  line;  that  of  the  left  innominate  vein  extends  from  the  left  sterno- 
clavicular articulation  to  meet  the  right  at  the  upper  border  of  the  first  right 
costal  cartilage.  The  junction  of  the  two  lines  indicates  the  origin  of  the  superior 
vena  cava,  the  line  of  which  is  continued  vertically  down  to  the  level  of  the  third 
right  costal  cartilage.  The  end  of  the  inferior  vena  cava  is  situated  opposite  the 
upper  margin  of  the  sixth  right  costal  cartilage  about  2  cm.  from  the  mid- 
sternal line. 
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SURFACE  ANATOMT  OF  THE  ABDOMEN. 

Skin. — The  skin  of  the  front  of  the  abdomen  is  thin.  In  the  male  it  is  often 
thickly  hair-clad,  especially  toward  the  lower  part  of  the  middle  line;  in  the  female 
the  hairs  are  confined  to  the  pubes.  Just  below  the  line  of  the  iliac  crest,  especially 
marked  in  fat  subjects,  is  a  shallow  groove  termed  the  iliac  furrow,  while  in  the 
site  of  the  inguinal  ligament  a  sharper  fold  known  as  the  fold  of  the  groiii  is  easily 
distinguishable. 

After  distension  of  the  abdomen  from  pregnancy  or  other  causes  the  skin  com- 
monly presents  transverse  white  lines  which  are  quite  smooth,  being  destitute 
of  papillae;  these  are  known  as  striae  gravidarum  or  striae  albicantes.  The  linea 
nigra  of  pregnancy  is  often  seen  as  a  pigmented  brown  streak  in  the  middle  line 
between  the  umbilicus  and  symphysis  pubis. 

In  the  middle  line  of  the  front  of  the  abdomen  is  a  shallow  furrow  which  extends 
from  the  junction  between  the  body  of  the  sternum  with  the  xiphoid  process  to  a 
short  distance  below  the  umbilicus;  it  corresponds  to  the  linea  alba.  The  umbilicus 
is  situated  in  the  middle  line,  but  it  varies  in  position  as  regards  its  height;  in  an 
adult  subject  it  is  always  placed  above  the  middle  point  of  the  body,  and  in  a  nor- 
mal well-nourished  subject  is  from  2  to  2.5  cm.  above  the  level  of  the  tubercles 
of  the  iliac  crests. 

Bones. — ^The  bones  in  relation  with  the  surface  of  the  abdomen  are  (1)  the  lower 
part  of  the  vertebral  column  and  the  lower  ribs  and  (2)  the  pelvis;  the  former 
have  already  been  described  (page  1291),  the  latter  will  be  considered  with  the 
lower  limb. 

Muscles  (Fig.  1100). — ^The  only  muscles  of  the  abdomen  which  have  any  consider- 
able influence  on  surface  form  are  the  Obliquus  externus  and  the  Rectus.  The 
upper  digitations  of  origin  of  Obliquus  externus  are  well-marked  in  a  muscular  sub- 
ject, interdigitating  with  those  of  Serratus  anterior;  the  lower  digitations  are  cov- 
ered by  the  border  of  Latissimus  dorsi  and  are  not  visible.  The  attachment  of  the 
Obliqui  externus  and  internus  to  the  crest  of  the  ilium  forms  a  thick  oblique  roll 
which  determines  the  iliac  furrow.  Sometimes  on  the  front  of  the  lateral  region  of 
the  abdomen  an  undulating  line  marks  the  passing  of  the  muscular  fibres  of  the 
Obliquus  externus  into  its  aponeurosis.  The  lateral  margin  of  the  Obliquus  externus 
is  separated  from  that  of  the  Latissimus  dorsi  by  a  small  triangular  interval — the 
lumbar  triangle — the  base  of  which  is  formed  by  the  iliac  crest,  and  its  floor  by 
Obliquus  internus. 

The  lateral  margin  of  Rectus  abdominis  is  indicated  by  the  linea  semilunaris, 
which  may  be  exactly  defined  by  putting  the  muscle  into  action.  The  surface  of 
the  Rectus  presents  three  transverse  furrows,  the  tendinous  inscriptions:  the  upper 
two  of  these,  viz.,  one  opposite,  or  a  little  below,  the  tip  of  the  xiphoid  process, 
and  the  other  midway  between  this  point  and  the  umbilicus,  are  usually  well- 
marked;  the  third,  opposite  the  umbilicus,  is  not  so  distinct.  Between  the  two 
Recti  the  linea  alba  can  be  palpated  from  the  xiphoid  process  to  a  point  just  below 
the  umbilicus;  it  is  represented  by  a  distinct  dip  between  the  muscles:  beyond 
this  the  muscles  are  in  apposition. 

Vessels. — In  thin  subjects  the  pulsation  of  the  abdominal  aorta  can  be  readily 
felt  by  making  deep  pressure  in  the  middle  line  above  the  umbilicus. 

Viscera. — Under  normal  conditions  the  various  portions  of  the  digestive  tube 
cannot  be  identified  by  simple  palpation.  Peristalsis  of  the  coils  of  small  intestine 
can  be  observed  in  some  persons  with  extremely  thin  abdominal  walls  when  some 
degree  of  constipation  exists.  In  cases  of  constipation  it  is  sometimes  possible  to 
trace  portions  of  the  great  intestine  by  feeling  the  fecal  masses  within  the  gut. 
In  thin  persons  with  relaxed  abdominal  walls  the  iliac  colon  can  be  felt  in  the  left 
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iliac  region — rolling  under  the  fingers  when  empty  and  forming  a  distinct  tumor 
when  distended. 

The  greater  part  of  the  liTer  lies  under  cover  of  the  lower  ribs  and  their  cartilages, 
but  in  the  epigastric  fossa  it  comes  in  contact  with  the  abdominal  wall.     The 


position  of  the  liver  varies  according  to  the  posture  of  the  body.  In  the  erect 
posture  in  the  adult  male  the  edge  of  the  liver  projects  about  1  em.  below  the 
lower  margin  of  the  right  costal  cartilages,  and  its  inferior  margin  can  often  be  felt 
in  this  situation  if  the  abdominal  wall  is  thin.    In  the  supine  position  the  liver 
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recedes  above  the  margin  of  the  ribs  and  cannot  then  be  detected  by  the  finger; 
in  the  prone  position  it  falls  forward  and  is  then  generally  palpable  in  a  patient 
with  loose  and  lax:  abdominal  walls.  Its  position  varies  with  the  respiratory 
movements;  during  a  deep  inspiration  it  descends  below  the  ribs;  in  expiration 
it  is  raised.  Pressure  from  without,  as  in  tight  lacing,  by  compressing  the  lower 
part  of  the  chest,  displaces  the  liver  considerably,  its  anterior  edge  frequently 
extending  as  low  as  the  crest  of  the  ilium.  Again  its  position  varies  greatly  with 
the  state  of  the  stomach  and  intestines;  when  these  are  empty  the  liver  descends, 
when  they  are  distended  it  is  pushed  upward. 

The  pancreas  can  sometimes  be  felt,  in  emaciated  subjects,  when  the  stomach 
and  colon  are  empty,  by  making  deep  pressure  in  the  middle  line  about  7  or  8  cm. 
above  the  umbilicus. 

The  kidneys  being  situated  at  the  back  of  the  abdominal  cavity  and  deeply 
placed  cannot  be  palpated  unless  enlarged  or  misplaced. 


"^     SURFACE  MARKINGS  OF  THE  ABDOMEN. 

Bony  Landmarks. — Above,  the  chief  bony  markings  are  the  xiphoid  process, 
the  lower  six  costal  cartilages,  and  the  anterior  ends  of  the  lower  six  ribs.  The 
junction  between  the  body  of  the  sternum  and  the  xiphoid  process  is  on  the  level 
of  the  tenth  thoracic  vertebra.  Below,  the  main  landmarks  are  the  symphysis 
pubis  and  the  pubic  crest  and  tubercle,  the  anterior  superior  iliac  spine,  and  the 
iliac  crest. 

Muscles  (Fi^.  1106). — ^The  Rectus  lies  between  the  linea  alba  and  the  linea  semi- 
lunaris; the  former  is  indicated  by  the  middle  line,  the  latter  by  a  curved  line, 
convex  lateralward,  from  the  tip  of  the  cartilage  of  the  ninth  rib  to  the  pubic 
tubercle;  at  the  level  of  the  umbilicus  the  linea  semilunaris  is  about  7  cm.  from  the 
middle  line.  The  line  indicating  the  junction  of  the  muscular  fibres  of  Obliquus 
extemus  with  its  aponeurosis  extends  from  the  tip  of  the  ninth  costal  cartilage 
to  a  point  just  medial  to  the  anterior  superior  iliac  spine. 

The  umbilicus  is  at  the  level  of  the  fibrocartilage  between  the  third  and  fourth 
lumbar  vertebrse. 

The  subcutaneous  inffoinal  ring  is  situated  1  cm.  above  and  lateral  to  the  pubic 
tubercle;  the  abdominal  inguinal  ring  lies  1  to  2  cm.  above  the  middle  of  the  inguinal 
ligament.  The  position  of  the  inguinal  canal  is  indicated  by  a  line  joining  these 
two  points. 

Surface  lanes. — For  convenience  of  description  of  the  viscera  and  of  reference 
to  morbid  conditions  of  the  contained  parts,  the  abdomen  is  divided  into  nine 
regions,  by  imaginary  planes,  two  horizontal  and  two  sagittal,  the  edges  of  the  planes 
being  indicated  by  lines  drawn  on  the  surface  of  the  body  (Fig.  1101).  In  the  older 
method  the  upper,  or  subcostal,  horizontal  line  encircles  the  body  at  the  level  of  the 
lowest  points  of  the  tenth  costal  cartilages;  the  lower,  or  intertubercular,  is  a  line 
carried  through  the  highest  points  of  the  iliac  crests  seen  from  the  front,  i,  e., 
through  the  tubercles  on  the  iliac  crests  about  5  cm.  behind  the  anterior  superior 
spines.  An  alternative  method  is  that  of  Addison,  who  adopts  the  following  lines : 

(1)  An  upper  transverse,  the  transpyloric,  halfway  between  the  jugular  notch 
and  the  upper  border  of  the  symphysis  pubis;  this  indicates  the  margin  of  the 
transpyloric  plane,  which  in  most  cases  cuts  through  the  pylorus,  the  tips  of  the 
ninth  costal  cartilages  and  the  lower  border  of  the  first  lumbar  vertebra;  (2)  a 
lower  transverse  line  midway  between  the  upper  transverse  and  the  upper  border 
of  the  symphysis  pubis;  this  is  termed  the  transtubercular,  since  it  practically  corre- 
sponds to  that  passing  through  the  iliac  tubercles;  behind,  its  plane  cuts  the  body 
of  the  fifth  lumbar  vertebra. 
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By  means  of  these  horizontal  planes  the  abdomen  is  divided  into  three  zones 
named  from  above,  the  subcostal,  umbilical,  and  hypoi:astric  zones.  Each  of  these 
is  further  subdivided  into  three  regions  by  the  two  sagittal  planes,  which  are  indi- 
cated on  the  surface  by  a  right  and  a  left  lateral  line  drawn  vertically  through 
points  halfway  between  the  anterior  superior  iliac  spines  and  the  middle  line.  The 
middle  region  of  the  upper  zone  is  called  the  epii^astric,  and  the  two  lateral  regions 


Lateral  sternal  lirie 


,  Parodtemal  line 
Mammary  line 


l*ans  tubercular 
plane 


' '  •*  Left  lateral  line 


Fio.  1101. — Surface  lines  of  the  front  of  the  thorax  and  abdomen. 


the  Tight  and  left  hypochondriac.  The  central  region  of  the  middle  zone  is  the 
umbilical,  and  the  two  lateral  regions  the  Tight  and  left  lumbar.  The  middle  region 
of  the  lower  zone  is  the  hypogastric  or  pubic,  and  the  lateral  are  the  ri|:ht  and  left 
iliac  or  inguinal.  The  middle  regions,  viz.,  epigastric,  umbilical,  and  pubic,  can  each 
be  divided  into  right  and  left  portions  by  the  middle  line.  In  the  following  descrip- 
tion of  the  viscera  the  regions  marked  out  by  Addison's  lines  are  those  referred  to. 
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Stomach  (Fig.  1103), — The  shape  of  the  stomach  is  constantly  undergoing  altera- 
tion; it  is  affected  by  the  particular  phase  of  the  process  of  gastric  digestion,  by 


Fia,  1102. — Radiosnplu  of  ■  moderaUly  distended 
Heni^    A.  Wilh  ths  pkSeot  in  the  < 


(Modified  from 


the  state  of  the  surrounding  viscera,  and  by  the  amount  and  character  of  its  con- 
tents. 'Its  position  also  varies  with  that  of  the  body  (Fig.  1102),  so  that  it  is 


-\ 


\ 


impossible  to  indicate  it  on  the  surface  with  anj'  degree  of  accuracy.  The  measure- 
ments given  refer  to  a  moderately  filled  stomach  with  the  body  in  the  supine 
position. 
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The  cardiac  orifice  is  opposite  the  seventh  left  costal  cartilage  about  2.5  cm. 
from  the  side  of  the  sternum;  it  corresponds  to  the  level  of  the  tenth  thoracic  verte- 
bra. The  pyloric  orifice  is  on  the  transpyloric  line  about  1  cm.  to  the  right  of  the 
middle  line,  or  alternately  5  cm.  below  the  seventh  right  sternocostal  articulation; 
it  is  at  the  level  of  the  first  lumbar  vertebra,  A  curved  line,  convex  downward  and 
to  the  left,  joining  these  points  indicates  the  lesser  curvature.  In  the  left  lateral 
line  the  fundus  of  the  stomach  reaches  as  high  as  the  fifth  interspace  or  the  sixth 
costal  cartilage,  a  little  below  the  apex  of  the  heart.  To  indicate  the  greater  cur- 
vature a  curved  line  is  drawn  from  the  cardiac  orifice  to  the  summit  of  the  fundus, 
thence  downward  and  to  the  left,  finally  turning  medialward  to  the  pyloric  orifice, 
but  passing,  on  its  way,  through  the  intersection  of  the  left  lateral  with  the  trans- 
pyloric line.  The  portion  of  the  stomach  which  is  in  contact  with  the  abdominal 
wall  can  be  represented  roughly  by  a  triangular  area  the  base  of  which  is  formed  by 
a  line  drawn  from  the  tip  of  the  tenth  left  costal  cartilage  to  the  tip  of  the  ninth 
right  cartilage,  and  the  sides  by  two  lines  drawn  from  the  end  of  the  eighth  left 
costal  cartilage  to  the  ends  of  the  base  line. 


lyqnspyloric 
p  Cane 


'  xTY'ana  tuhercular 
~  'plains 


Fio.  1104. — ^Front  of  abdomen,  ahowioc  surface  markings  for  duodenum,  pancreas,  and  kidneys.  A  A*,  Plane 
through  joint  between  body  and  xiphoid  process  of  sternum.  B  B\  Phine  midway  between  A  A*  and  transpyloric 
plane.    C  C  Plane  midway  between  transpyloric  and  transtubercular  planes. 


A  space  of  some  clinical  importance — the  space  of  Traube — overlies  the  stomach 
and  may  be  thus  indicated.  It  is  semilunar  in  outline  and  lies  within  the  following 
boundaries:  the  lower  edge  of  the  left  lung,  the  anterior  border  of  the  spleen,  the 
left  costal  margin  and  the  inferior  margin  of  the  left  lobe  of  the  liver. 

Duodenum  (Fig.  1104). — ^The  superior  part  is  horizontal  and  extends  from  the 
pylorus  to  the  right  lateral  line;  the  descending  part  is  situated  medial  to  the 
right  lateral  line,  from  the  transpyloric  line  to  a  point  midway  between  the  trans- 
pyloric and  transtubercular  lines.  The  horizontal  part  runs  with  a  slight  upward 
slope  from  the  end  of  the  descending  part  to  the  left  of  the  middle  line;  the  ascending 
part  is  vertical,  and  reaches  the  transpyloric  line,  where  it  ends  in  the  duodeno- 
jejunal flexure,  about  2.5  cm.  to  the  left  of  the  middle  line. 

Small  Intestine. — The  coils  of  small  intestine  occupy  the  front  of  the  abdomen. 
For  the  most  part  the  coils  of  the  jejunum  are  situated  on  the  left  side,  i.  ^.,  in  the 
left  lumbar  and  iliac  regions,  and  in  the  left  half  of  the  umbilical  region.  The  coils 
of  the  ileum  lie  toward  the  right  in  the  right  lumbar  and  iliac  regions,  in  the  right 
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half  of  the  umbilical  region,  and  in  the  hypogastric  region;  a  portion  of  the  ileum 
is  within  the  pelvis.  The  end  of  the  ileum,  i,  e.,  the  ileocolic  junction,  is  slightly 
below  and  medial  to  the  intersection  of  the  right  lateral  and  transtubercular  lines. 

Cecum  and  Venniform  Process. — ^The  cecum  is  in  the  right  iliac  and  hypo- 
gastric regions;  its  position  varies  with  its  degree  of  distension,  but  the  midpoint 
of  a  line  drawn  from  the  right  anterior  superior  iliac  spine  to  the  upper  margin  of 
the  symphysis  pubis  will  mark  approximately  the  middle  of  its  lower  border. 

The  position  of  the  base  of  the  yermiform  process  is  indicated  by  a  point  on  the 
lateral  line  on  a  level  with  the  anterior  superior  iliac  spine. 

Ascending  Colon. — ^The  ascending  colon  passes  upward  through  the  right 
lumbar  region,  lateral  to  the  right  lateral  line.  The  ri^ht  coUc  flexure  is  situated  in 
the  upper  and  right  angle  of  intersection  of  the  subcostal  and  right  lateral  lines. 

Transverse  Colon. — ^The  transverse  colon  crosses  the  abdomen  on  the  confines 
of  the  umbilical  and  epigastric  regions,  its  lower  border  being  on  a  level  slightly 
above  the  umbilicus,  its  upper  border  just  below  the  greater  curvature  of  the 
stomach. 

Descending  Colon. — ^The  left  colic  flexure  is  situated  in  the  upper  left  angle  of 
the  intersection  between  the  left  lateral  and  transpyloric  lines.  The  descending 
colon  courses  down  through  the  left  lumbar  region,  lateral  to  the  left  lateral  line, 
as  far  as  the  iliac  crest  (see  footnote  p.  1181). 

niac  Colon. — ^The  line  of  the  iliac  colon  is  from  the  end  of  the  descending  colon 
to  the  left  lateral  line  at  the  level  of  the  anterior  superior  iliac  spine. 

Liver  (Pig.  1103). — ^The  upper  limit  of  the  right  lobe  of  the  liver,  in  the  middle 
line,  is  at  the  level  of  the  junction  between  the  body  of  the  sternum  and  the  xiphoid 
process;  on  the  right  side  the  line  must  be  carried  upward  as  far  as  the  fifth  costal 
cartilage  in  the  mammary  line,  and  then  downward  to  reach  the  seventh  rib  at 
the  side  of  the  thorax.  The  upper  limit  of  the  left  lobe  can  be  defined  by  continuing 
this  line  downward  and  to  the  left  to  the  sixth  costal  cartilage,  5  cm.  from  the 
middle  line.  The  lower  limit  can  be  indicated  by  a  line  drawn  1  cm.  below  the 
lower  margin  of  the  thorax  on  the  right  side  as  far  as  the  ninth  costal  cartilage, 
thence  obliquely  upward  to  the  eighth  left  costal  cartilage,  crossing  the  middle 
line  just  above  the  transpyloric  plane  and  finally,  with  a  slight  left  convexity,  to 
the  end  of  the  line  indicating  the  upper  limit. 

According  to  Birmingham  the  limits  of  the  normal  liver  may  be  marked  out 
on  the  surface  of  the  body  in  the  following  manner.  Take  three  points:  (a)  1.25 
cm.  below  the  right  nipple;  (6)  1.25  cm.  below  the  tip  of  the  tenth  rib;  (c)  2.5  cm. 
below  the  left  nipple.  Join  (a)  and  (c)  by  a  line  slightly  convex  upward;  (a)  and 
(6)  by  a  line  slightly  convex  lateralward;  and  (b)  and^c)  by  a  line  slightly  convex 
downward. 

The  fundus  of  the  gall-bladder  approaches  the  surface  behind  the  anterior 
end  of  the  ninth  right  costal  cartilage  close  to  the  lateral  margin  of  the  Rectus 
abdominis. 

Pancreas  (Fig.  1104). — ^The  pancreas  lies  in  front  of  the  second  lumbar  vertebra. 
Its  head  occupies  the  curve  of  the  duodenum  and  is  therefore  indicated  by  the  same 
lines  as  that  viscus;  its  neck  corresponds  to  the  pylorus.  Its  body  extends  along 
the  transpyloric  line,  the  bulk  of  it  lying  above  this  line  to  the  tail  which  is  in  the 
left  hypochondriac  region  slightly  to  the  left  of  the  lateral  line  and  above  the 
transpyloric. 

Spleen  (Pigs.  1098,  1105). — ^To  map  out  the  spleen  the  tenth  rib  is  taken  as 
representing  its  long  axis;  vertically  it  is  situated  between  the  upper  border  of  the 
ninth  and  the  lower  border  of  the  eleventh  ribs.  The  highest  point  is  4  cm.  from 
the  middle  line  of  the  back  at  the  level  of  the  tip  of  the  ninth  thoracic  spinous 
process;  the  lowest  point  is  in  the  midaxillary  line  at  the  level  of  the  first  lumbar 
spinous  process. 


1308 


SURFACE  AXATOMY  AND  SURFACE  MARKINGS 


Kidneys  (Figs.  1104,  1105). — ^The  right  kidney  usually  lies  about  1  cm.  lower 

than  the  left,  but  for  practical  purposes  similar  surface  markings  are  taken  for  each. 
On  the  front  of  the  abdomen  the  upper  pole  lies  midway  between  the  plane  of 

the  lower  end  of  the  body  of  the  sternum  and  the  transpyloric  plane,  5  cm.  from 
the  middle  line.  The  lower  pole 
is  situated  midway  between  the 
transpyloric  and  intertubercular 
planes,  7  cm.  from  the  middle  tine. 
The  hilus  is  on  the  transpyloric 
plane,  5  cm.  from  the  middle  line. 
Round  these  three  points  a  kidney- 
shaped  figure  4  cm.  to  5  cm.  broad 
is  drawn,  two  thirds  of  which  lie 
medial  to  the  lateral  line.  To  indi- 
cate the  position  of  the  kidney 
from  the  back,  the  parallellogram 
of  Morris  is  used ;  two  vertical  lines 
are  drawn,  the  first  2.5  cm.,  the 
second  9.6  cm.  from  the  middle 
hne;the  parallelogram  is  completed 
by  two  horizontal  lines  drawn  re- 
spectively at  the  levels  of  the  tips 
of  the  spinous  process  of  the 
eleventh  thoracic  and  the  lower 
border  of  the  spinous  process  of  the 

third  lumbar  vertebra.     The  hilus  is  5  cm.  from  the  middle  line  at  the  level  of  the 

spinous  process  of  the  first  lumbar  vertebra. 


Fio.  1106. — Back  of  lumbar  ncioD.  Bbowing  guifsce  nnukinci 

for  kidDflyi.  untere,  and  upleon.     The  lower  portlona  o'  the  liine 
mnd  pleura  are  ahovD  on  the  rieht  vdn. 


Abdominal  inguinal  ring 
SvbeviiinaHu  inguinal 


Ureters. — On  the  front  of  the  abdomen,  the  line  of  the  ureter  runs  from  the 
hilus  of  the  kidney  to  the  pubic  tubercle;  on  the  back,  from  the  hilus  vertically 
downward,  passing  practically  thnmgh  the  posterior  superior  iliac  spine  (Fig.  1105), 
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Vessels  (Fig.  1106). — ^The  inferior  epii^astric  artery  can  be  marked  out  by  a  line 
from  a  point  midway  between  the  anterior  superior  iliac  spine  and  the  pubic  sym- 
physis to  the  umbilicus.  This  line  also  indicates  the  lateral  boundary  of  Hessel- 
bach's  triani^le — ^an  area  of  importance  in  connection  with  inguinal  hernia;  the  other 
boundaries  are  the  lateral  edge  of  Rectus  abdominis,  and  the  medial  half  of  the 
inguinal  ligament.  The  line  of  the  abdominal  aorta  begins  in  the  middle  line  about 
4  cm.  above  the  transpyloric  line  and  extends  to  a  point  2  cm.  below  and  to  the 
left  of  the  umbilicus — or  more  accurately  to  a  point  2  cm.  to  the  left  of  the  middle 
line  on  a  line  which  passes  through  the  highest  points  of  the  iliac  crests  (A  A\ 
Fig.  1106).  The  point  of  termination  of  the  abdominal  aorta  corresponds  to  the 
level  of  the  fourth  lumbar  vertebra;  a  line  drawn  from  it  to  a  point  midway 
between  the  anterior  superior  iliac  spine  and  the  symphysis  pubis  indicates  the 
common  and  external  iliac  arteries.  The  common  iliac  is  represented  by  the  upper 
third  of  this  line,  the  external  iliac  by  the  remaining  two-thirds. 

Of  the  larger  branches  of  the  abdominal  aorta,  the  coBliac  artery  is  4  cm.,  the 
superior  mesenteric  2  cm.  above  the  transpyloric  line;  the  renal  arteries  are  2  cm. 
below  the  same  line.  The  inferior  mesenteric  artery  is  4  cm.  above  the  bifurcation 
of  the  abdominal  aorta. 

Nerves. — ^The  thoracic  nerves  on  the  anterior  abdominal  wall  are  represented  by 
lines  continuing  those  of  the  bony  ribs.  The  termination  of  the  seventh  nerve  is 
at  the  level  of  the  xiphoid  process,  the  tenth  reaches  the  vicinity  of  the  umbilicus, 
the  twelfth  ends  about  midway  between  the  umbilicus  and  the  upper  border  of 
the  symphysis  pubis.  The  first  lumbar  is  parallel  to  the  thoracic  nerves;  its  ilio- 
hypogastric branch  becomes  cutaneous  above  the  subcutaneous  inguinal  ring;  its 
ilioinguinal  branch  at  the  ring. 

,      SURFACE  ANATOMT  OF  THE  PEBINEUM. 

Skin. — In  the  middle  line  of  the  posterior  part  of  the  perineum  and  about  4  cm. 
in  front  of  the  tip  of  the  coccyx  is  the  anal  orifice.  The  junction  of  the  mucous 
membrane  of  the  anal  canal  with  the  skin  of  the  perineum  is  marked  by  a  white 
line  which  indicates  also  the  line  of  contact  of  the  external  and  internal  Sphincters. 
In  the  anterior  part  of  the  perineum  the  external  genital  organs  are  situated. 
The  skin  covering  the  scrotum  is  rough  and  corrugated,  but  over  the  penis*  it  is 
smooth;  extending  forward  from  the  anus  on  to  the  scrotum  and  penis  is  a  median 
ridge  which  indicates  the  scrotal  raph6.  In  the  female  are  seen  the  skin  reduplica- 
tions forming  the  labia  majora  and  minora  laterally,  the  frenulum  of  the  labia 
behind,  and  the  prepuce  of  the  clitoris  in  front;  still  more  anteriorly  is  the  mons 
pubis. 

Bones. — ^In  the  antero-lateral  boundaries  of  the  perineum,  the  whole  outline 
of  the  pubic  arch  can  be  readily  traced  ending  in  the  ischial  tuberosities.  Behind 
in  the  middle  line  is  the  tip  of  the  coccyx. 

Muscles  and  Lii^aments. — ^The  margin  of  the  Olutaeus  mazimus  forms  the  postero- 
lateral boundary,  and  in  thin  subjects,  by  pressing  deeply,  the  sacrotuberous 
ligament  can  be  felt  through  the  muscle.  The  only  other  muscles  influencing 
surface  form  are  the  Ischiocayemosus  covering  the  crus  penis,  which  lies  on  the  side 
of  the  pubic  arch,  and  the  Sphincter  ani  eztemus,  which,  in  action,  closes  the  anal 
Orifice  and  causes  a  puckering  of  the  skin  around  it. 

SURFACE  MARKINGS  OF  THE  PERINEUM. 

A  line  drawn  transversely  across  in  front  of  the  ischial  tuberosities  divides  the 
perineum  into  a  posterior  or  rectal,  and  an  anterior  or  urogenital,  triangle.  This 
line  passes  through  the  central  point  of  the  perineum,  which  is  situated  about 
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2.5  cm.  iQ  front  of  the  centre  of  the  anal  aperture  or,  in  the  male,  midway  between 
the  anU3  and  the  reflection  of  the  skin  on  to  the  scrotum. 

Rectam  and  Anal  Canal. — A  finger  inserted  through  the  anal  orifice  is  grasped 
by  the  Sphincter  ani  externus,  passes  into  the  region  of  the  Sphincter  ani  internus, 
and  higher  up  encounters  the  resistance  of  the  Puborectalis;  beyond  this  it  may 
reach  the  lowest  of  the  transverse  rectal  folds-  In  front,  the  urethral  bulb  and 
membranous  part  of  the  urethra  are  first  identified,  and  then  about  4  cm.  above 
the  anal  orifice  the  prostate  is  felt;  beyond  this  the  vesiculae  seminales,  if  enlarged, 
and  the  fundus  of  the  bladder,  when  distended,  can  be  recognized.  On  either  side 
is  the  ischiorectal  fossa.  Behind  are  the  anococcygeal  body,  the  pelvic  surfaces 
of  the  coccvx  and  lower  end  of  the  sacrum,  and  the  sacrospinous  ligaments  (Fig 
1107). 


BjacaJatory  dud 
Atud  eanal 


In  the  female  the  posterior  wall  and  fornix  of  the  vagina,  and  the  cervix  and 
body  of  the  uterus  can  be  felt  in  front,  while  somewhat  laterally  the  ovaries  can 
just  be  reached. 

Male  Urogenital  Ol^ans. — The  corpora  cavenuMa  penis  can  be  followed  backward 
to  the  crura  which  are  attached  to  the  sides  of  the  pubic  arch.  The  (lans  penis, 
covered  by  the  prepuce,  and  the  external  urethral  orifice  can  be  examined,  and  the 
course  of  the  urethra  traced  along  the  under  surface  of  the  penis  to  the  bulb  which 
is  situated  immediately  in  front  of  the  central  point  of  the  perineum.  Through 
the  wall  of  the  scrotum  on  either  side  the  testis  can  be  palpated;  it  lies  toward 
the  back  of  the  scrotum,  and  along  its  posterior  border  the  epididymis  can  be  felt; 
passing  upward  along  the  medial  side  of  the  epididjmis  is  the  spermatic  cord, 
which  can  be  traced  upward  to  the  subcutaneous  inguinal  ring. 

By  means  of  a  sound  the  general  topography  of  the  urethra  and  bladder  can 
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be  investigated ;  with  the  urethroscope  the  interior  of  the  urethra  can  be  illuminated 
and  viewed  directly;  with  the  cystoacope  the  interior  of  the  bladder  la  in  a  similar 
manner  illuminated  for  visual  examination.  In  the  bladder  the  main  points  to 
which  attention  is  directed  are  the  trigone,  the  torns  uretericuB,  the  plicae  nietericae, 
and  the  openings  of  the  nreten  and  nrethra  (see  Fig.  1033). 


Yagin^orifiot 


Fis.  1108.— EiMiul  leniul  oriBOB  of  femHie.    The  labia  miiion  have  beeo  dnwn  apsn. 

Female  Urogenital  Orgam. — In  the  pudendal  cleft  (Fig.  1108)  between  the  labia 
minora  are  the  openings  of  the  Tagina  and  urethra.  In  the  virgin  the  vaginal  open- 
ing is  partly  closed  by  the  hrmen. — after  coitus  the  remains  of  the  hymen  are  rep- 
resented by  the  camnculae  hymeneales.  Between  the  hymen  and  the  frenulum  of 
the  labia  is  the  fossa  navicolaris,  while  in  the  groove  between  the  hymen  and  the 
labium  minus,  on  either  side,  the  small  opening  of  the  greater  vestibnlar  (Bartholin's) 
gland  can  be  seen.  These  glands  when  enlarged  can  be  felt  on  either  side  of  the 
posterior  part  of  the  vaginal  orifice.  By  inserting  a  finger  into  the  vagina  the  fol- 
lowing structures  can  be  examined  through  its  wall  (Fig.  1109).  Behind,  from 
below  upward,  are  the  anal  canal,  the  rectnm,  and  the  rectouterine  excavation. 
Projecting  into  the  roof  of  the  vagina  is  the  vaginal  portion  of  the  cervix  uteri 
with  the  external  uterine  orifice;  in  front  of  and  behind  the  cervix  the  anterior 
and  posterior  vaginal  fomices  respectively  can  be  examined.  With  the  finger  in  the 
vagina  and  the  other  hand  on  the  abdominal  wall  the  whole  of  the  cervix  and 
body  of  the  utems,  the  uterine  tubes,  and  the  ovaries  can  be  palpated.  If  a  speculum 
be  introduced  into  the  vagina,  the  walls  of  the  passage,  the  vaginal  portion  of  the 
cervix,  and  the  external  uterine  orifice  can  all  be  exposed  for  visual  examination. 

The  external  urethral  orifice  lies  in  front  of  the  vaginal  opening;  the  angular 
gap  in  which  it  is  situated  between  the  two  converging  labia  minora  is  termed  the 


SURFACE  ANATOMY  AND  SURFACE  MARKINGS 

The  urethral  canal  in  the  female  is  very  dilatable  and  can  be  explored 
with  the  finger.  About  2.5  cm.  in  front  of  the  external  orifice  of  the  urethra  are 
the  gUas  and  prepuce  ot  the  clitoris,  and  still  farther  forward  is  the  moiu  pubis. 


Redo-uttrine 


Fia.  1109. — Msdiui  lacitul  MOtioa  ot  fanulfl  pslvia. 


J      STISrACE  ANAT0M7  OF  THE  UPPER  EXTBEHITT. 

Skin. — The  skin  covering  the  shoulder  and  arm  is  smooth  and  very  movable 
on  the  underlying  structures.  In  the  axilla  there  are  numerous  hairs  and  many 
sudoriferous  and  sebaceous  glands.  Over  the  medial  side  and  front  of  the  forearm 
the  skin  is  thin  and  smooth,  and  contains  few  hairs  but  many  sudoriferous  glands; 
over  the  lateral  side  and  back  of  the  arm  and  forearm  it  is  thicker,  denser,  and 
contains  more  hairs  but  fewer  sudoriferous  glands.  In  the  region  of  the  olecranon 
it  is  thick  and  rough,  and  is  very  loosely  connected  to  the  underlying  tissue  so 
that  it  falls  into  transverse  wrinkles  when  the  forearm  is  extended.  At  the  front 
of  the  wrist  there  are  three  trans\erse  furrows  in  the  skin;  they  correspond  respec- 
tively from  above  downward  to  the  positions  of  the  st\loid  process  of  the  ulna, 
the  wrist-joint,  and  the  midcarpal  joint. 

The  skin  of  the  palm  of  the  hand  differs  considerably  from  that  of  the  forearm. 
At  the  wrist  it  suddenly  becomes  hard  and  dense  and  covered  with  a  thick  layer  of 
epidermis;  on  the  thenar  eminence  these  characteristics  are  less  marked  than  else- 
where. In  spite  of  its  hardness  and  density  the  skin  of  the  palm  is  exceedingly 
sensitive  and  very  vascular,  but  it  is  destitute  of  hairs  and  sebaceous  glands.  It 
is  tied  down  by  fibrous  bands  along  the  lines  of  flexion  of  the  digits,  exhibiting 
certain  furrows  of  a  permanent  character.    One  of  these,  starting  in  front  of  the 
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wrist  at  the  tuberosity  of  the  navicular  bone,  curves  around  the  thenar  eminence 
and  ends  on  the  radial  border  of  the  hand  a  little  above  the  metacarpophalangeal 
joint  of  the  index  finger.  A  second  line  begins  at  the  end  of  the  first  and  extends 
obliquely  across  the  palm  to  reach  the  ulnar  border  about  the  middle  of  the  fifth 
metacarpal  bone.  A  third  line  begins  at  the  ulnar  border  about  2.5  cm.  distal  to 
the  end  of  the  second  and  extends  across  the  heads  of  the  fifth,  fourth,  and  third 
metacarpal  bones.  The  proximal  segments  of  the  fingers  are  joined  to  one  another 
on  the  volar  aspect  by  folds  of  skin  constituting  the  "web"  of  the  fingers;  these 
folds  extend  across  about  the  level  of  the  centres  of  the  proximal  phalanges  and  their 
free  margins  are  continuous  with  the  transverse  furrows  at  the  roots  of  the  fingers. 
Since  the  web  is  confined  to  the  volar  aspect  the  fingers  appear  shorter  when  viewed 
from  in  front  than  from  behind. 

Over  the  fingers  and  thumb  the  skin  again  becomes  thinner,  especially  at  the 
flexures  of  the  joints  (where  it  is  crossed  by  transverse  furrows)  and  over  the  ter- 
minal phalanges;  it  is  disposed  on  numerous  ridges  in  consequence  of  the  arrange- 
ment of  the  papillse  in  it.  These  ridges  form,  in  different  individuals,  distinctive 
and  permanent  patterns  which  can  be  used  for  purposes  of  identification.  The 
superficial  fascia  in  the  palm  of  the  band  is  made  up  of  dense  fibro-fatty  tissue  which 
binds  the  skin  so  firmly  to  the  palmar  aponeiu*osis  that  very  little  movement  is 
permitted  between  the  two. 

On  the  back  of  the  hand  and  fingers  the  subcutaneous  tissue  is  lax,  so  that  the 
skin  is  freely  movable  on  the  underlying  parts.  Over  the  interphalangeal  joints 
the  skin  is  very  loose  and  is  thrown  into  transverse  wrinkles  when  the  fingers 
are  extended. 

Bones. — ^The  clavicle  can  be  felt  throughout  its  entire  length.  The  enlarged 
sternal  extremity  projects  above  the  upper  margin  of  the  sternum  at  the  side  of 
the  jugular  notch,  and  from  this  the  body  of  the  bone  can  be  traced  lateralward 
immediately  under  the  skin.  The  medial  part  is  convex  forward,  but  the  surface 
is  partially  obscured  by  the  attachments  of  Sternocleidomastoideus  and  Pectoralis 
major;  the  lateral  third  is  concave  forward  and  ends  at  the  acromion  of  the  scapula 
in  a  slight  enlargement;  The  clavicle  is  almost  horizontal  when  the  arm  is  lying 
by  the  side,  although  in  muscular  subjects  it  may  incline  a  little  upward  at  its 
acromial  end,  which  is  on  a  plane  posterior  to  the  sternal  end. 

The  only  parts  of  the  scapula  that  are  truly  subcutaneous  are  the  spine  and 
acromion,  but  the  coracoid  process,  the  vertebral  border,  the  inferior  angle,  and  to 
a  lesser  extent  the  axillary^  border  can  also  be  readily  defined.  The  acromion  and 
spine  are  easily  recognizable  throughout  their  entire  extent,  forming  with  the 
clavicle  the  arch  of  the  shoulder.  The  acromion  forms  the  point  of  the  shoulder; 
it  joins  the  clavicle  at  an  acute  angle — ^the  acromial  angle — slightly  medial  to,  and 
behind  the  tip  of  the  acromion.  The  spine  can  be  felt  as  a  distinct  ridge,  marked 
on  the  surface  as  an  oblique  depression  which  becomes  less  distinct  and  ends  in  a 
slight  dimple  a  little  lateral  to  the  spinous  processes  of  the  vertebree.  Below  this 
point  the  vertebral  border  can  be  traced  downward  and  lateralward  to  the  inferior 
angle,  which  can  be  identified  although  covered  by  Latissimus  dorsi.  From  the 
inferior  angle  the  axillary  border  can  usually  be  traced  upward  through  its  thick 
muscular  covering,  forming  with  its  enveloping  muscles  the  posterior  fold  of  the 
axilla.  The  coracoid  process  is  situated  about  2  cm.  below  the  junction  of  the 
intermediate  and  lateral  thirds  of  the  clavicle;  it  is  covered  by  the  anterior  border 
of  Deltoideus,  and  thus  lies  a  little  lateral  to  the  infraclavicular  fossa  or  depression 
which  marks  the  interval  between  the  Pectoralis  major  and  Deltoideus. 

The  humerus  is  almost  entirely  surrounded  by  muscles,  and  the  only  parts 

which  are  strictly  subcutaneous  are  small  portions  of  the  medial  and  lateral  epi- 

condyles;  in  addition  to  these,  however,  the  tubercles  and  a  part  of  the  head  of  the 

bone  can  be  felt  under  the  skin  and  muscles  by  which  they  are  covered.    Of  these, 

83 
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the  greater  tubercle  forms  the  most  prominent  bony  point  of  the  shoulder,  extending 
beyond  the  acromion;  it  is  best  recognized  when  the  ann  is  lying  passive  by  the 
side,  for  if  the  arm  be  raised  it  recedes  under  the  arch  of  the  shoulder.  The  lesser 
tubercle,  directed  forward,  is  medial  to  the  greater  and  separated  from  it  by  the 
intertubercular  groove,  which  can  be  made  out  by  deep  pressure.  When  the  arm 
is  abducted  the  lower  part  of  the  head  of  the  humerus  can  be  examined  by  pressing 
deeply  in  the  axilla.  On  either  side  of  the  elbow-joint  and  just  above  it  are  the 
medial  and  lateral  epicondyles.  Of  these,  the  former  is  the  more  prominent,  but  the 
medial  supracondylar  ridge  passing  upward  froin  it  is  much  less  marked  than  the 
lateral,  and  as  a  rule  is  not  palpable;  occasionally,  however,  the  hook-shaped  supra- 
condylar process  (page  312)  is  found  on  this  border.  The  position  of  the  lateral 
epicondyle  is  best  seen  during  semiflexion  of  the  forearm,  and  is  indicated  by 
a  depression;  from  it  the  strongly  marked  lateral  supracondylar  ridge  runs 
upward. 

The  most  prominent  part  of  the  ulna,  the  olecranon,  can  always  be  identified  at 
the  back  of  the  elbow-joint.  When  the  forearm  is  flexed  the  upper  quadrilateral 
surface  is  palpable,  but  during  extension  it  recedes  into  the  olecranon  fossa.  During 
extension  the  upper  border  of  the  olecranon  is  slightly  above  the  level  of  the  medial 
epicondyle  and  nearer  to  this  than  to  the  lateral;  when  the  forearm  is  fully  flexed 
the  olecranon  and  the  epicondyles  form  the  angles  of  an  equilateral  triangle.  On 
the  back  of  the  olecranon  is  a  smooth  triangular  subcutaneous  surface,  and  running 
down  the  back  of  the  forearm  from  the  apex  of  this  triangle  the  prominent  dorsal 
border  of  the  ulna  can  be  felt  in  its  whole  length:  it  has  a  sinuous  outline,  and  is 
situated  in  the  middle  of  the  back  of  the  limb  above;  but  below,  where  it  is  rounded 
off,  it  can  be  traced  to  the  small  subcutaneous  surface  of  the  styloid  process  on  the 
medial  side  of  the  wrist.  The  styloid  process  forms  a  prominent  tubercle  continuous 
above  with  the  dorsal  border  and  ending  below  in  a  blunt  apex  at  the  level  of  the 
wrist-joint;  it  is  most  evident  when  the  hand  is  in  a  position  midway  between 
supination  and  pronation.  When  the  forearm  is  pronated  another  prominence, 
the  head  of  the  ulna,  appears  behind  and  above  the  styloid  process. 

Below  the  lateral  epicondyle  of  the  humerus  a  portion  of  the  head  of  the  radius 
is  palpable;  its  position  is  indicated  on  the  surface  by  a  little  dimple,  which  is  best 
seen  when  the  arm  is  extended.  If  the  finger  be  placed  in  this  dimple  and  the 
semiflexed  forearm  be  alternately  pronated  and  supinated  the  head  of  the  radius 
will  be  felt  distinctly,  rotating  in  the  radial  notch.  The  upper  half  of  the  body  of 
the  bone  is  obscured  by  muscles;  the  lower  half,  though  not  subcutaneous,  can  be 
readily  examined,  and  if  traced  downward  is  found  to  end  in  a  lozenge-shaped  con- 
vex surface  on  the  lateral  side  of  the  base  of  the  styloid  process;  this  is  the  only 
subcutaneous  part  of  the  bone,  and  from  its  lower  end  the  apex  of  the  styloid  process 
bends  medialward  toward  the  wrist.  About  the  middle  of  the  dorsal  surface  of 
the  lower  end  of  the  radius  is  the  dorsal  radial  tubercle,  best  perceived  when  the 
wrist  is  slightly  flexed;  it  forms  the  lateral  boundary  of  the  oblique  groove  for  the 
tendon  of  Extensor  pollicis  longus. 

On  the  front  of  the  wrist  are  two  subcutaneous  eminences,  one,  on  the  radial 
side,  the  larger  and  flatter,  produced  by  the  tuberosity  of  the  navicular  and  the  ridge 
on  the  greater  multangular;  the  other,  on  the  ulnar  side,  by  the  pisiform.  The  tuber- 
osity of  the  navicular  is  distal  and  medial  to  the  styloid  process  of  the  radius,  and 
is  most  clearly  visible  when  the  wrist-joint  is  extended;  the  ridge  on  the  greater 
multangular  is  about  1  cm.  distal  to  it.  The  pisiform  is  about  1  cm.  distal  to  the 
lower  end  of  the  ulna  and  just  distal  to  the  level  of  the  styloid  process  of  the  radius; 
it  is  crossed  by  the  uppermost  crease  which  separates  the  front  of  the  forearm  from 
the  palm  of  the  hand.  The  rest  of  the  volar  surface  of  the  bony  carpus  is  covered 
by  tendons  and  the  transverse  carpal  ligament,  and  is  entirely  concealed,  with 
the  exception  of  the  hamulus  of  the  hamate  bone,  which,  however,  is  diflScult  to 
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define.  On  the  dorsal  surface  of  the  carpus  only  the  triangular  bone  can  be  clearly 
made  out. 

Distal  to  the  carpus  the  dorsal  surfaces  of  the  metacarpal  bones,  covered  by  the 
Extensor  tendons,  except  the  fifth,  are  visible  only  in  very  thin  hands;  the  dorsal 
surface  of  the  fifth  is,  however,  subcutaneous  throughout  almost  its  whole  length. 
Slightly  lateral  to  the  middle  line  of  the  hand  is  a  prominence,  frequently  well- 
marked,  but  occasionally  indistinct,  formed  by  the  styloid  process  of  the  third 
metacarpal  bone;  it  is  situated  about  4  cm.  distal  to  the  dorsal  radial  tubercle. 
The  heads  of  the  metacarpal  bones  can  be  plainly  seen  and  felt,  rounded  in  contour 
and  standing  out  in  bold  relief  under  the  skin  when  the  fist  is  clenched;  the  head 
of  the  third  is  the  most  prominent.  In  the  palm  of  the  hand  the  metacarpal  bones 
are  covered  by  muscles,  tendons,  and  aponeuroses,  so  that  only  their  heads  can  be 
distinguished.  The  base  of  the  metacarpal  bone  of  the  thumb,  however,  is  promi- 
nent dorsally,  distal  to  the  styloid  process  of  the  radius;  the  body  of  the  bone  is 
easily  palpable,  ending  at  the  head  in  a  flattened  prominence,  in  front  of  which 
are  the  sesamoid  bones. 

The  enlarged  ends  of  the  phalanges  can  be  easily  felt.  When  the  digits  are 
bent  the  proximal  phalanges  form  prominences,  which  in  the  joints  between  the 
first  and  second  phalanges  are  slightly  hollow,  but  flattened  and  square-shaped  in 
those  between  the  second  and  third. 

Articulations. — ^The  sternoclavicular  joint  is  subcutaneous,  and  its  position  is 
indicated  by  the  enlarged  sternal  extremity  of  the  clavicle,  lateral  to  the  long 
cord-like  sternal  head  of  Sternocleidomastoideus.  If  this  muscle  be  relaxed  a 
depression  between  the  end  of  the  clavicle  and  the  sternum  can  be  felt,  defining 
the  exact  position  of  the  joint. 

The  position  of  the  acromioclavicular  joint  can  generally  be  ascertained  by 
determining  the  slightly  enlarged  acromial  end  of  the  clavicle  which  projects  above 
the  level  of  the  acromion;  sometimes  this  enlargement  is  so  considerable  as  to 
form  a  rounded  eminence. 

The  shoulder-joint  is  deeply  seated  and  cannot  be  palpated.  If  the  forearm 
be  slightly  flexed  a  curved  crease  or  fold  with  its  convexity  downward  is  seen  in 
front  of  the  elbow,  extending  from  one  epicondyle  to  the  other;  the  elbow-joint 
is  slightly  distal  to  the  centre  of  the  fold.  The  position  of  the  radiohumeral  joint 
can  be  ascertained  by  feeling  for  a  slight  groove  or  depression  between  the  head 
of  the  radius  and  the  capitulum  of  the  humerus,  at  the  back  of  the  elbow-joint. 

The  position  of  the  proximal  radioulnar  joint  is  marked  on  the  surface  at  the 
back  of  the  elbow  by  the  dimple  which  indicates  the  position  of  the  head  of  the 
radius.  The  site  of  the  distal  radioulnar  joint  can  be  defined  by  feeling  for  the 
slight  groove  at  the  back  of  the  wrist  between  the  prominent  head  of  the  ulna 
and  the  lower  end  of  the  radius,  when  the  forearm  is  in  a  state  of  almost  complete 
pronation. 

Of  the  three  transverse  skin  furrows  on  the  front  of  the  wrist,  the  middle  corre- 
sponds fairly  accurately  with  the  wrist-joint,  while  the  most  distal  indicates  the 
position  of  the  midcarpal  articulation. 

The  metacarpophalangeal  and  interphalangeal  joints  are  readily  available  for 
surface  examination;  the  former  are  situated  just  distal  to  the  prominences  of  the 
knuckles,  the  latter  are  sufficiently  indicated  by  the  furrows  on  the  volar,  and  the 
wrinkles  on  the  dorsal  surfaces. 

Muscles  (Figs.  1075, 1110, 1111). — The  anterior  border  of  the  Trapezius  presents  as 
a  slight  ridge  running  downward  and  forward  from  the  superior  nuchal  line  of  the 
occipital  bone  to  the  junction  of  the  intermediate  and  lateral  thirds  of  the  clavicle. 
The  inferior  border  of  the  muscle  forms  an  undulating  ridge  passing  downward 
and  medialward  from  the  root  of  the  spine  of  the  scapula  to  the  spinous  process 
of  the  twelfth  thoracic  vertebra. 
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the  greater  tubercle  forms  the  most  prominent  bony  point  of  the  shoulder,  extending 
beyond  the  acromion;  it  is  best  recognized  when  the  arm  is  l>Tng  passive  by  the 
side,  for  if  the  arm  be  raised  it  recedes  under  the  arch  of  the  shoulder.  The  lesser 
tubercle,  directed  forward,  is  medial  to  the  greater  and  separated  from  it  by  the 
intertubercular  groove,  which  can  be  made  out  by  deep  pressure.  When  the  arm 
is  abducted  the  lower  part  of  the  head  of  the  humerus  can  be  examined  by  pressing 
deeply  in  the  axilla.  On  either  side  of  the  elbow-joint  and  just  above  it  are  the 
medial  and  lateral  epicondyles.  Of  these,  the  former  is  the  more  prominent,  but  the 
medial  supracondylar  ridge  passing  upward  from  it  is  much  less  marked  than  the 
lateral,  and  as  a  rule  is  not  palpable;  occasionally,  however,  the  hook-shaped  supra- 
condylar process  (page  312)  is  found  on  this  border.  The  position  of  the  lateral 
epicondyle  is  best  seen  during  semiflexion  of  the  forearm,  and  is  indicated  by 
a  depression;  from  it  the  strongly  marked  lateral  supracondylar  ridge  runs 
upward. 

The  most  prominent  part  of  the  ulna,  the  olecranon,  can  always  be  identified  at 
the  back  of  the  elbow-joint.  When  the  forearm  is  flexed  the  upper  quadrilateral 
surface  is  palpable,  but  during  extension  it  recedes  into  the  olecranon  fossa.  During 
extension  the  upper  border  of  the  olecranon  is  slightly  above  the  level  of  the  medial 
epicondyle  and  nearer  to  this  than  to  the  lateral;  when  the  forearm  is  fully  flexed 
the  olecranon  and  the  epicondyles  form  the  angles  of  an  equilateral  triangle.  On 
the  back  of  the  olecranon  is  a  smooth  triangular  subcutaneous  surface,  and  running 
down  the  back  of  the  forearm  from  the  apex  of  this  triangle  the  prominent  dorsal 
border  of  the  ulna  can  be  felt  in  its  whole  length:  it  has  a  sinuous  outline,  and  is 
situated  in  the  middle  of  the  back  of  the  limb  above;  but  below,  where  it  is  rounded 
off,  it  can  be  traced  to  the  small  subcutaneous  surface  of  the  styloid  process  on  the 
medial  side  of  the  wrist.  The  styloid  process  forms  a  prominent  tubercle  continuous 
above  with  the  dorsal  border  and  ending  below  in  a  blunt  apex  at  the  level  of  the 
wrist-joint;  it  is  most  evident  when  the  hand  is  in  a  position  midway  between 
supination  and  pronation.  When  the  forearm  is  pronated  another  prominence, 
the  head  of  the  ulna,  appears  behind  and  above  the  styloid  process. 

Below  the  lateral  epicondyle  of  the  humerus  a  portion  of  the  head  of  the  radius 
is  palpable;  its  position  is  indicated  on  the  surface  by  a  little  dimple,  which  is  best 
seen  when  the  arm  is  extended.  If  the  finger  be  placed  in  this  dimple  and  the 
semiflexed  forearm  be  alternately  pronated  and  supinated  the  head  of  the  radius 
will  be  felt  distinctly,  rotating  in  the  radial  notch.  The  upper  half  of  the  body  of 
the  bone  is  obscured  by  muscles;  the  lower  half,  though  not  subcutaneous,  can  be 
readily  examined,  and  if  traced  downward  is  found  to  end  in  a  lozenge-shaped  con- 
vex surface  on  the  lateral  side  of  the  base  of  the  styloid  process;  this  is  the  only 
subcutaneous  part  of  the  bone,  and  from  its  lower  end  the  apex  of  the  styloid  process 
bends  medialward  toward  the  wrist.  About  the  middle  of  the  dorsal  surface  of 
the  lower  end  of  the  radius  is  the  dorsal  radial  tubercle,  best  perceived  when  the 
wrist  is  slightly  flexed;  it  forms  the  lateral  boundary  of  the  oblique  groove  for  the 
tendon  of  Extensor  pollicis  longus. 

On  the  front  of  the  wrist  are  two  subcutaneous  eminences,  one,  on  the  radial 
side,  the  larger  and  flatter,  produced  by  the  tuberosity  of  the  na^cular  and  the  ridge 
on  the  greater  multangular ;  the  other,  on  the  ulnar  side,  by  the  lusifoim.  The  tuber- 
osity  of  the  navicular  is  distal  and  medial  to  the  styloid  process  of  the  radius,  and 
is  most  clearly  visible  when  the  wrist-joint  is  extended;  the  ridge  on  the  greater 
multangular  is  about  1  cm.  distal  to  it.  The  pisiform  is  about  1  cm.  distal  to  the 
lower  end  of  the  ulna  and  just  distal  to  the  level  of  the  styloid  process  of  the  radius; 
it  is  crossed  by  the  uppermost  crease  which  separates  the  front  of  the  forearm  from 
the  palm  of  the  hand.  The  rest  of  the  volar  surface  of  the  bony  carpus  is  covered 
by  tendons  and  the  transverse  carpal  ligament,  and  is  entirely  concealed,  with 
the  exception  of  the  hamulus  of  the  hamate  bone,  which,  however,  is  diflicult  to 
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where  it  presents  a  somewhat  flattened  form.  Above,  its  anterior  border  presents 
a  slightly  curved  eminence  which  forms  the  lateral  boundary  of  the  infraclavicular 
fossa;  below,  it  is  closely  united  with  the  Pectoralis  major.  Its  posterior  border 
is  thin,  flattened,  and  scarcely  marked  above,  but  is  thicker  and  more  prominent 
below.  The  insertion  of  Deltoideus  is  marked  by  a  depression  on  the  lateral  side 
of  the  middle  of  the  arm. 

Of  the  scapular  muscles  the  only  one  which  influences  surface  form  is  the  Teres 
major;  it  assists  the  Latissimus  dorsi  in  forming  the  thick,  rounded,  posterior 
axillary  fold. 

When  the  arm  is  raised  the  Coracobrachialls  reveals  itself  as  a  narrow  elevation 
emerging  from  under  cover  of  the  anterior  axillary  fold  and  running  medial  to  the 
body  of  the  humerus. 

On  the  front  and  medial  aspects  of  the  arm  is  the  prominence  of  the  Biceps 
brachii,  bounded  on  either  side  by  an  intermuscular  depression.  It  determines  the 
contour  of  the  front  of  the  arm  and  extends  from  the  anterior  axillary  fold  to  the 
bend  of  the  elbow;  its  upper  tendons  are  concealed  by  the  Pectoralis  major  and 
Deltoideus,  and  its  lower  tendon  sinks  into  the  anticubital  fossa.  When  the  muscle 
is  fully  contracted  it  presents  a  globular  form,  and  the  lacertus  fibrosus  attached 
to  its  tendon  of  insertion  becomes  prominent  as  a  sharp  ridge  running  downward 
and  medial  ward. 

On  either  side  of  the  Biceps  brachii  at  the  lower  part  of  the  arm  the  Brachialis 
is  discernible.  Laterally  it  forms  a  narrow  eminence  extending  some  distance  up 
the  arm;  medially  it  exhibits  only  a  little  fulness  above  the  elbow. 

On  the  back  of  the  arm  the  long  head  of  the  Triceps  brachii  may  be  seen  as  a 
longitudinal  eminence,  emerging  from  under  cover  of  Deltoideus  and  gradually 
passing  into  the  flattened  plane  of  the  tendon  of  the  muscle  at  the  lower  part  of 
the  back  of  the  arm.  When  the  muscle  is  in  action  the  medial  and  lateral  heads 
become  prominent. 

On  the  front  of  the  elbow  are  two  muscular  elevations,  one  on  either  side,  sep- 
arate above  but  converging  below  so  as  to  form  the  medial  and  lateral  boundaries 
of  the  anticubital  fossa.  The  medial  elevation  consists  of  the  Pronator  teres  and 
the  Flexors,  and  forms  a  fusiform  mass,  pointed  above  at  the  medial  epicondyle 
and  gradually  tapering  off  below.  The  Pronator  teres  is  the  most  lateral  of  the 
group,  while  the  Flexor  carpi  radialis,  lying  to  its  medial  side,  is  the  most  prominent 
and  may  be  traced  downward  to  its  tendon,  which  is  situated  nearer  to  the  radial 
than  to  the  ulnar  border  of  the  front  of  the  wrist  and  medial  to  the  radial  artery. 
The  Palmaris  longiis  presents  no  surface  marking  above,  but  below,  its  tendon 
stands  out  when  the  muscle  is  in  action  as  a  sharp,  tense  cord  in  front  of  the  middle 
of  the  wrist.  The  Flexor  digitorom  sublimis  does  not  directly  influence  surface 
form;  the  position  of  its  four  tendons  on  the  front  of  the  lower  part  of  the  forearm 
is  indicated  by  an  elongated  depression  between  the  tendons  of  Palmaris  longus 
and  Flexor  carpi  ulnaris.  The  Flexor  carpi  ulnaris  determines  the  contour  of  the 
medial  border  of  the  forearm,  and  is  separated  from  the  Extensor  group  of  muscles 
by  the  ulnar  furrow  produced  by  the  subcutaneous  dorsal  border  of  the  ulna;  its 
tendon  is  evident  along  the  ulnar  border  of  the  lower  part  of  the  forearm,  and  is 
most  marked  when  the  hand  is  flexed  and  adducted. 

The  elevation  forming  the  lateral  side  of  the  anticubital  fossa  consists  of  the 
Brachioradialis,  the  Extensors  and  the  Supinator;  it  occupies  the  lateral  and  a 
considerable  part  of  the  dorsal  surface  of  the  forearm  in  the  region  of  the  elbow, 
and  forms  a  fusiform  mass  which  is  altogether  on  a  higher  level  than  that  produced 
by  the  medial  elevation.  Its  apex  is  between  the  Triceps  brachii  and  Brachialis 
some  distance  above  the  elbow-joint;  it  acquires  its  greatest  breadth  opposite  the 
lateral  epicondyle,  and  below  this  shades  off  into  a  flattened  surface.  About  the 
middle  of  the  forearm  it  divides  into  two  diverging  longitudinal  eminences.    The 


1316  SURFACE  ANATOMY  AND  SURFACE  MARKINGS 

The  lateral  border  of  the  LKtisBimtu  dorsi  (Fig.  1096)  may  be  traced,  when  the 
muscle  is  in  action,  as  a  rounded  edge  starting  from  the  iliac  crest  and  slanting 
obliquely  forward  and  upward  to  the  axilla,  where  it  takes  part  with  the  Teres 
major  in  forming  the  posterior  axillary  fold. 


AMIaMalfoua    Medial  epUMtdyU 


It  of  ritht  upper  extremity. 


The  Pectwalis  major  (Fig.  1100)  conceals  a  considerable  part  of  the  thoracic  wall 
in  front.  Its  sternal  origin  presents  a  border  which  bounds,  and  determines  the 
width  of  the  sternal  furrow.  The  upper  margin  is  generally  well-marked  medially 
and  forms  the  medial  boundary  of  a  triangular  depression,  the  infraclavicular  fossa, 
which  separates  the  Pectoralis  major  from  the  Deltoideus;  it  gradually  becomes 
less  marked  as  it  approaches  the  tendon  of  insertion  and  is  closely  blended  with 
the  Deltoideus.  The  lower  border  of  Pectoralis  major  forms  the  rounded  anterior 
axillary  fold.  Occasionally  a  gap  is  visible  between  the  clavicular  and  sternal  parts 
of  the  muscle. 


When  the  arm  is  raised  the  lowest  slip  of  origin  of  Pectoralis  minor  produces  a 
fulness  just  below  the  anterior  axillary  fold  and  serves  to  break  the  sharp  outline 
of  the  lower  border  of  Pectoralis  major. 

The  origin  of  the  Serratus  anterior  (Figs.  1096, 1100)  causes  a  very  characteristic 
surface  marking.  When  the  arm  is  abducted  the  lower  five  or  six  serrations  form 
a  zigzag  line  with  a  general  convexity  forward;  when  the  arm  is  by  the  side  the 
highest  visible  serration  is  that  attached  to  the  fifth  rib. 

Tlie  Deltoideus  with  the  prominence  of  the  upper  end  of  the  humerus  produces 
the  rounded  contour  of  the  shoulder;  it  is  rounded  and  fuller  in  front  than  behind^ 
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where  it  presents  a  somewhat  flattened  form.  Above,  its  anterior  border  presents 
a  slightly  curved  eminence  which  forms  the  lateral  boundary  of  the  infraclavicular 
fossa;  below,  it  is  closely  united  with  the  Pectoralis  major.  Its  posterior  border 
is  thin,  flattened,  and  scarcely  marked  above,  but  is  thicker  and  more  prominent 
below.  The  insertion  of  Deltoideus  is  marked  by  a  depression  on  the  lateral  side 
of  the  middle  of  the  arm. 

Of  the  scapular  muscles  the  only  one  which  influences  surface  form  is  the  Teres 
major;  it  assists  the  Latissimus  dorsi  in  forming  the  thick,  rounded,  posterior 
axillary  fold. 

When  the  arm  is  raised  the  Coracobrachialis  reveals  itself  as  a  narrow  elevation 
emerging  from  under  cover  of  the  anterior  axillary  fold  and  running  medial  to  the 
body  of  the  humerus. 

On  the  front  and  medial  aspects  of  the  arm  is  the  prominence  of  the  Biceps 
brachii,  bounded  on  either  side  by  an  intermuscular  depression.  It  determines  the 
contour  of  the  front  of  the  arm  and  extends  from  the  anterior  axillary  fold  to  the 
bend  of  the  elbow;  its  upper  tendons  are  concealed  by  the  Pectoralis  major  and 
Deltoideus,  and  its  lower  tendon  sinks  into  the  anticubital  fossa.  When  the  muscle 
is  fully  contracted  it  presents  a  globular  form,  and  the  lacertus  fibrosus  attached 
to  its  tendon  of  insertion  becomes  prominent  as  a  sharp  ridge  running  downward 
and  medialward. 

On  either  side  of  the  Biceps  brachii  at  the  lower  part  of  the  arm  the  Brachialis 
is  discernible.  Laterally  it  forms  a  narrow  eminence  extending  some  distance  up 
the  arm;  medially  it  exhibits  only  a  little  fulness  above  the  elbow. 

On  the  back  of  the  arm  the  long  head  of  the  Triceps  brachii  may  be  seen  as  a 
longitudinal  eminence,  emerging  from  under  cover  of  Deltoideus  and  gradually 
passing  into  the  flattened  plane  of  the  tendon  of  the  muscle  at  the  lower  part  of 
the  back  of  the  arm.  When  the  muscle  is  in  action  the  medial  and  lateral  heads 
become  prominent. 

On  the  front  of  the  elbow  are  two  muscular  elevations,  one  on  either  side,  sep- 
arate above  but  converging  below  so  as  to  form  the  medial  and  lateral  boundaries 
of  the  anticubital  fossa.  The  medial  elevation  consists  of  the  Pronator  teres  and 
the  Flexors,  and  forms  a  fusiform  mass,  pointed  above  at  the  medial  epicondyle 
and  gradually  tapering  off  below.  The  Pronator  teres  is  the  most  lateral  of  the 
group,  while  the  Flexor  carpi  radialis,  lying  to  its  medial  side,  is  the  most  prominent 
and  may  be  traced  downward  to  its  tendon,  which  is  situated  nearer  to  the  radial 
than  to  the  ulnar  border  of  the  front  of  the  wrist  and  medial  to  the  radial  artery. 
The  Palmaris  longus  presents  no  surface  marking  above,  but  below,  its  tendon 
stands  out  when  the  muscle  is  in  action  as  a  sharp,  tense  cord  in  front  of  the  middle 
of  the  wrist.  The  Flexor  digitomm  sublimis  does  not  directly  influence  surface 
form;  the  position  of  its  four  tendons  on  the  front  of  the  lower  part  of  the  forearm 
is  indicated  by  an  elongated  depression  between  the  tendons  of  Palmaris  longus 
and  Flexor  carpi  ulnaris.  The  Flexor  carpi  ulnaris  determines  the  contour  of  the 
medial  border  of  the  forearm,  and  is  separated  from  the  Extensor  group  of  muscles 
by  the  ulnar  furrow  produced  by  the  subcutaneous  dorsal  border  of  the  ulna;  its 
tendon  is  evident  along  the  ulnar  border  of  the  lower  part  of  the  forearm,  and  is 
most  marked  when  the  hand  is  flexed  and  adducted. 

The  elevation  forming  the  lateral  side  of  the  anticubital  fossa  consists  of  the 
Brachioradialis,  the  Extensors  and  the  Supinator;  it  occupies  the  lateral  and  a 
considerable  part  of  the  dorsal  surface  of  the  forearm  in  the  region  of  the  elbow, 
and  forms  a  fusiform  mass  which  is  altogether  on  a  higher  level  than  that  produced 
by  the  medial  elevation.  Its  apex  is  between  the  Triceps  brachii  and  Brachialis 
some  distance  above  the  elbow- joint;  it  acquires  its  greatest  breadth  opposite  the 
lateral  epicondyle,  and  below  this  shades  off  into  a  flattened  surface.  About  the 
middle  of  the  forearm  it  divides  into  two  diverging  longitudinal  eminences.    The 
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lateral  eminence  consists  of  the  Brachioradialis  and  the  Eztensores  carpi  radiales 
longiis  and  brevis,  and  descends  from  the  lateral  supracondylar  ridge  in  the  direction 
of  the  styloid  process  of  the  radius.  The  medial  eminence  comprises  the  Extensor 
digitomm  communis,  Extensor  digiti  quinti  proprius,  and  the  Extensor  carpi  olnaris; 
it  begins  at  the  lateral  epicondyle  of  the  humerus  as  a  tapering  mass  which  is  sep- 
arated above  from  the  Anconaeus  by  a  well-marked  furrow,  and  below  from  the 
Pronator  teres  and  Flexor  group  by  the  ulnar  furrow.  The  medial  border  of  the 
Brachioradialis  starts  as  a  rounded  elevation  above  the  lateral  epicondyle;  lower 
down  the  muscle  forms  a  prominent  mass  on  the  radial  side  of  the  upper  part  of 
the  forearm;  below  it  tapers  to  its  tendon,  which  may  be  traced  to  the  styloid 
process  of  the  radius.  The  Anconaeus  presents  as  a  triangular  slightly  elevated 
area,  immediately  lateral  to  the  subcutaneous  surface  of  the  olecranon  and  differ- 
entiated from  the  Extensor  group  by  an  oblique  depression;  the  upper  angle  of 
the  triangle  is  at  the  dimple  over  the  lateral  epicondyle. 

At  the  lower  part  of  the  back  of  the  forearm  in  the  interval  between  the  two 
diverging  eminences  is  an  oblique  elongated  swelling;  full  above  but  flattened 
and  partially  subdivided  below;  it  is  caused  by  the  Abductor  pollicis  longus 
and  the  Extensor  pollicis  brevis.  It  crosses  the  dorsal  and  lateral  surfaces  of 
the  radius  to  the  radial  side  of  the  wrist-joint,  whence  it  is  continued  on  to 
the  dorsal  surface  of  the  thumb  as  a  ridge  best  marked  when  the  thumb  is 
extended. 

The  tendons  of  most  of  the  Extensor  muscles  can  be  seen  and  felt  on  the  back 
of  the  wrist.  Laterally  is  the  oblique  ridge  produced  by  the  Extensor  pollicis 
longus.  The  Extensor  carpi  radialis  longus  is  scarcely  palpable,  but  the  Extensor 
carpi  radialis  brevis  can  be  identified  as  a  vertical  ridge  emerging  from  under  the 
ulnar  border  of  the  tendon  of  the  Extensor  pollicis  longus  when  the  wrist  is  extended. 
Medial  to  this  the  Extensor  tendons  of  the  fingers  can  be  felt,  the  Extensor  digiti 
quinti  proprius  being  separated  from  the  tendons  of  the  Extensor  digitorum 
communis  by  a  slight  furrow. 

The  muscles  of  the  hand  are  principally  concerned,  as  regards  surface  form,  in 
producing  the  thenar  and  hypothenar  eminences,  and  cannot  be  individually  dis- 
tinguished; the  thenar  eminence,  on  the  radial  side,  is  larger  and  rounder  than  the 
hypothenar,  which  is  a  long  narrow  elevation  along  the  ulnar  side  of  the  palm. 
When  the  Palmaris  brevis  is  in  action  it  produces  a  wrinkling  of  the  skin  over  the 
hypothenar  eminence  and  a  dimple  on  the  ulnar  border.  On  the  back  of  the  hand 
the  Ihterossei  dorsales  give  rise  to  elongated  swellings  between  the  metacarpal 
bones;  the  first  forms  a  prominent  fusiform  bulging  w^hen  the  thumb  is  adducted, 
the  others  are  not  so  marked. 

Arteries. — Above  the  middle  of  the  clavicle  the  pulsation  of  the  subclavian  artery 
can  be  detected  by  pressing  downward,  backward,  and  medialward  against  the 
first  rib.  The  pulsation  of  the  axillary  artery  as  it  crosses  the  second  rib  can  be 
felt  below  the  middle  of  the  clavicle  just  medial  to  the  coracoid  process;  along  the 
lateral  wall  of  the  axilla  the  course  of  the  arterv  can  be  easilv  followed  close  to  the 
medial  border  of  Coracobrachialis.  The  brachial  artery  can  be  recognized  in  practi- 
cally the  whole  of  its  extent,  along  the  medial  margin  of  the  Biceps;  in  the  upper 
two-thirds  of  the  arm  it  lies  medial  to  the  humerus,  but  in  the  lower  third  is  more 
directly  on  the  front  of  the  bone.  Over  the  low'er  end  of  the  radius,  between  the 
styloid  process  and  Flexor  carpi  radialis,  a  portion  of  the  radial  artery  is  superficial 
and  is  used  cUnically  for  observations  on  the  pulse. 

Veins. — ^The  superfcial  veins  of  the  upper  extremity  are  easily  rendered  visible 
by  compressing  the  proximal  trunks;  their  arrangement  is  described  on  pages  747 
to  749. 

Nerves. — The  uppermost  trunks  of  the  brachial  plexus  are  palpable  for  a  short 
distance  above  the  clavicle  as  they  emerge  from  under  the  lateral  border  of  Sterno- 
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cleidomastoideus;  the  larger  nerves  derived  from  the  plexus  can  be  rolled  under  the 
finger  against  the  lateral  axillary  wall  but  cannot  be  identified.  The  ulnar  nerve 
can  be  detected  in  the  groove  behind  the  medial  epicondyle  of  the  humerus. 

SURFACE  MARKINGS    OF   THE   UPPER  EXTREMITY. 

Bony  Landmarks. — ^The  bony  landmarks  as  described  above  are  so  readily  avail- 
able for  surface  recognition  that  no  special  measurements  are  required  to  indicate 
them.  It  may  be  noted,  however,  that  the  medial  angle  of  the  scapula  is  applied 
to  the  second  rib,  while  the  inferior  angle  lies  against  the  seventh.  The  intertuber- 
cular  groove  of  the  humerus  is  vertically  below  the  acromioclavicular  joint  when 
the  arm  hangs  by  the  side  with  the  palm  of  the  hand  forward. 

Articulations. — ^The  aGromioclavicular  joint  is  situated  in  a  plane  passing  sagit- 
tally  through  the  middle  line  of  the  front  of  the  arm.  The  line  of  the  elbow-joint 
is  not  straight;  the  radiohumeral  portion  is  practically  at  right  angles  to  the  long 
axis  of  the  humerus  and  is  situated  about  2  cm.  distal  to  the  lateral  epicondyle; 
the  ulnohumeral  portion  is  oblique,  and  its  medial  end  is  about  2.5  cm.  distal  to  the 
medial  epicondyle.  The  position  of  the  wrist-joint  can  be  indicated  by  drawing  a 
curved  line,  with  its  convexity  upward,  between  the  styloid  processes  of  the  radius 
and  ulna;  the  summit  of  the  convexity  is  about  1  cm.  above  the  centre  of  a  straight 
line  joining  the  two  processes. 

Muscles. — ^The  only  muscles  of  the  upper  extremity  which  occasionally  require 
definition  by  surface  lines  are  the  Trapezius,  the  Latissimus  dorsi,  and  the  Pectorales 
major  and  minor.  The  antero-superior  border  of  Trapezius  is  indicated  by  a  line 
from  the  superior  nuchal  line  about  3  cm.  lateral  to  the  external  occipital  protuber- 
ance to  the  junction  of  the  intermediate  and  lateral  thirds  of  the  clavicle;  the  line 
of  the  lower  border  extends  from  the  spinous  process  of  the  twelfth  thoracic  vertebra 
to  the  vertebral  border  of  the  scapula  at  the  root  of  the  spine.  The  upper  border 
of  Latissimus  dorsi  is  almost  horizontal,  running  from  the  spinous  process  of  the 
seventh  thoracic  vertebra  to  the  inferior  angle  of  the  scapula  and  thence  somewhat 
obliquely  to  the  intertubercular  sulcus  of  the  humerus;  the  lower  border  corresponds 
roughly  to  a  line  drawn  from  the  iliac  crest  about  2  cm.  from  the  lateral  margin  of 
the  Sacrospinalis  to  the  intertubercular  sulcus.  The  upper  margin  of  Pectoralis 
major  extends  from  the  middle  of  the  clavicle  to  the  surgical  neck  of  the  humerus; 
its  lower  border  is  practically  in  the  line  of  the  fifth  rib  and  reaches  from  the  fifth 
costochondral  junction  to  the  middle  of  the  anterior  border  of  Deltoideus.  The 
two  lines  indicating  the  borders  of  Pectoralis  minor  begin  at  the  coracoid  process 
of  the  scapula  and  extend  to  the  third  and  fifth  ribs  respectively,  just  lateral  to  the 
corresponding  costal  cartilages.  On  the  front  of  the  elbow-joint  a  triangular  space 
— ^the  anticubital  fossa — is  mapped  out  for  convenience  of  reference.  The  base  of 
the  triangle  is  a  line  joining  the  medial  and  lateral  epicondyles,  while  the  sides  are 
formed  respectively  by  the  salient  margins  of  the  Brachioradialis  and  Pronator 
teres. 

Mucous  Sheaths. — On  the  volar  surfaces  of  the  wrist  and  hand  the  mucous 
sheaths  of  the  Flexor  tendons  (Fig.  1112)  can  be  indicated  as  follows.  The  sheath 
for  Flexor  pollicis  longus  extends  from  about  3  cm.  above  the  upper  edge  of  the 
transverse  carpal  ligament  to  the  terminal  phalanx  of  the  thumb.  The  common 
sheath  for  the  Flexores  digitorum  reaches  about  3.5  to  4  cm.  above  the  upper  edge 
of  the  transverse  carpal  ligament  and  extends  on  the  palm  of  the  hand  to  about 
the  level  of  the  centres  of  the  metacarpal  bones.  The  sheath  for  the  tendons  to  the 
little  finger  is  continued  from  the  common  sheath  to  the  base  of  the  terminal  phalanx 
of  this  finger;  the  sheaths  for  the  tendons  of  the  other  fingers  are  separated  from 
the  conunon  sheath  by  an  interval;  they  begin  opposite  the  necks  of  the  meta- 
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carpal  bones  and  extend  to  the  terminal  phalanges.    The  mucous  sheaths  of  the 
Extensor  tendons  are  shown  in  Fig.  1113  (see  also  page  550). 


Flo.  1112.— The  mucoiu  sfaeBths  of  the  teadong  od  the  front  ot  the  wrist  tmd  di(ita. 

Arteries  (Fig.  1114). — The  course  of  the  axillary  artery  can  be  marked  out  by 
abducting  the  arm  to  a  right  angle  and  drawing  a  line  from  the  middle  of  the 
clavicle  to  the  point  where  the  tendon  of  the  Pectoralis  major  crosses  the  promi- 
nence of  the  Coracobrachial  is.  Of  the  branches  of  the  axillary  artery,  the  origin 
of  the  thoracoacromial  corresponds  to  the  point  where  the  artery  crosses  the 
upper  border  of  Pectoralis  minor;  tlie  lateral  thoracic  takes  practically  the  line  of 
the  lower  border  of  Pectoralis  minor;  the  subscapular  is  sufficiently  indicated  by 
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the  axillaiy  border  of  the  scapula;  the  scftpular  circumflex  is  given  off  the  sub- 
scapular opposite  the  midpoint  of  a  line  joining  the  tip  of  the  acromion  to  the 
lower  edge  of  the  deltoid  tuberosity,  while  the  humeral  circumflex  arteries  arise 
from  the  axillary  about  2  cm.  above  this.    The  position  of  the  brachial  artery  is 


Fia.  1113.— The  mucoiu  aheattu  of  the  Undoiu  on  the  bmck  oC  the  irrirt. 

marked  by  a  line  drawn  from  the  junction  of  the  anterior  and  middle  thirds  of  the 
distance  between  the  anterior  and  posterior  axillary  folds  to  a  point  midway 
between  the  epicondyles  of  the  humerus  and  continued  distally  for  2.5  cm.,  at 
which  point  the  artery  bifurcates.  With  regard  to  the  branches  of  the  brachial 
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artery — ^the  profunda  crosses  the  back  of  the  humerus  at  the  level  of  the  insertion 
of  Deltoideus;  the  nutrient  is  given  off  opposite  the  middle  of  the  body  of  the 
humerus;  a  line  from  this  point  to  the  back  of  the  medial  condyle  represents 
the  superior  ulnar  collateral;  the  inferior  ulnar  collateral  is  given  off  about  5  cm. 
above  the  fold  of  the  elbow-joint  and  runs  directly  medialward. 


Fig.  1114. — Front  of  right  upper  extremity,  showing  surface  markings  for  bones,  arteries,  and  nerves. 

The  position  of  the  radial  artery  in  the  forearm  is  represented  by  a  line  from  the 
lateral  margin  of  the  Biceps  tendon  in  the  centre  of  the  anticubital  fossa  to  the 
medial  side  of  the  front  of  the  styloid  process  of  the  radius  when  the  limb  is 
in  the  position  of  supination.  The  situation  of  the  distal  portion  of  the  artery 
is  indicated  by  continuing  this  line  around  the  radial  side  of  the  WTist  to  the 
proximal  end  of  the  first  intermetacarpal  space. 


Fig.  1116. — ^Back  of  right  upper  extremity,  shovdng  surface  markings  for  bones  and  nerves. 

On  account  of  the  curved  direction  of  the  ulnar  artery,  two  lines  are  required  to 
indicate  its  course;  one  is  drawn  from  the  front  of  the  medial  epicondyle  to  the 
radial  side  of  the  pisiform  bone;  the  lower  two-thirds  of  this  line  represents  two- 
thirds  of  the  arJ:ery;  the  upper  third  is  represented  by  a  second  line  from  the  centre 
of  the  hollow  in  front  of  the  elbow-joint  to  the  junction  of  the  upper  and  middle 
thirds  of  the  first  line. 

The  superficial  volar  arch  (Fig.  1116)  can  be  indicated  by  a  line  starting  from 
the  radial  side  of  the  pisiform  bone  and  curving  distalward  and  lateralward  as 
far  as  the  base  of  the  thumb,  with  its  convexity  toward  the  fingers.  The  siunmit 
of  the  arch  is  usually  on  a  level  with  the  ulnar  border  of  the  outstretched  thumb. 
The  deep  volar  arch  is  practically  transverse,  and  is  situated  about  1  cm.  nearer  to 
the  carpus. 
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Nerves  (Figs.  1114,  1115). — In  the  arm  the  line  of  the  median  nerve  is  practically 
the  same  as  that  for  the  brachial  artery;  at  the  bend  of  the  elbow  the  nerve  is 
medial  to  the  artery.  The  course  of 
the  nerve  in  the  forearm  is  marked 
by  a  line  starting  from  a  point  just 
medial  to  the  centre  of  one  joining 
the  epicondyles,  and  extending  to  the 
lateral  margin  of  the  tendon  of  Pal- 
maris  longus  at  the  wrist. 

The  ulnar  nerve  follows  the  line  of 
the  brachial  artery  in  the  upper  half 
of  the  arm,  but  at  the  middle  of  the 
arm  it  diverges  and  descends  to  the 
back  of  the  medial  epicondyle.  In  the 
forearm  it  is  represented  by  a  line 
from  the  front  of  the  medial  epi- 
condyle to  the  radial  side  of  the  pisi- 
form bone. 

The  course  of  the  radial  nerve  can 
be  indicated  by  a  line  from  just 
below  the  posterior  axillary  fold,  to 
the  lateral  side  of  the  humerus  at 
the  junction  of  its  middle  and  lower 
thirds;  thence  it  passes  vertically 
downward  on  the  front  of  the  arm 
to  the  level  of  the  lateral  epicondyle. 
The  course  of  the  superficial  radial 
nerve  is  represented  by  a  continua- 
tion of  this  line  downward  to  the 
junction  of  the  middle  and  lower 
thirds  of  the  radial  artery;  it  then 
crosses  the  radius  and  runs  distal- 
ward  to  the  dorsum  of  the  base  of 
the  first  metacarpal  bone. 

The  axillary  nerve  crosses  the  humerus  about  2  cm.  above  the  centre  of  a  line 
joining  the  tip  of  the  acromion  to  the  lower  edge  of  the  deltoid  tuberosity. 


Radial 


Ulnar 
artery 


Fio.  1116. — Palm  of  left  hand,  showing  position  of  akin 
creases  and  bones,  and  surface  markings  for  the  volar 
arches. 
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Skin. — ^The  skin  of  the  thigh,  especially  in  the  hollow  of  the  groin  and  on  the 
medial  side,  is  thin,  smooth  and  elastic,  and  contains  few  hairs  except  on  the  neigh- 
borhood of  the  pubis.  Laterally  it  is  thicker  and  the  hairs  are  more  numerous. 
The  junction  of  the  skin  of  the  thigh  with  that  on  the  front  of  the  abdomen  is 
marked  by  a  well-defined  furrow  which  indicates  the  site  of  the  inguinal  ligament; 
the  furrow  presents  a  general  convexity  downward,  but  its  medial  half,  which  is 
the  better  marked,  is  nearly  straight.  The  skin  over  the  buttock  is  fairly  thick 
and  is  characterized  by  its  low  sensibility  and  slight  vascularity;  as  a  rule  it  is 
destitute  of  conspicuous  hairs  except  toward  the  post-anal  furrow,  where  in  some 
males  they  are  abundantly  developed.  An  almost  transverse  fold — ^the  gluteal 
fold — crosses  the  lower  part  of  the  buttock;  it  practically  bisects  the  lower  margin 
of  the  Glutaeus  maximus  and  is  most  evident  during  extension  of  the  hip-joint. 
The  skin  over  the  front  of  the  knee  is  covered  by  thickened  epidermis;  it  is  loose 
and  thrown  into  transverse  wrinkles  when  the  leg  is  extended.    The  skin  of  the  leg 
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is  thin,  especially  on  the  medial  side,  and  is  covered  with  numerous  large  hairs. 
On  the  dorsum  of  the  foot  the  skin  is  thin,  loosely  connected  to  subjacent  parts, 
and  contains  few  hairs,  on  the  plantar  surface,  and  especially  over  the  heel,  the 
epidermis  is  of  great  thickness,  and  here,  as  in  the  palm  of  the  hand,  there  are 
neither  hairs  nor  sebaceous  glands. 

Bones. — ^The  hip  bones  are  largely  covered  with  muscles,  so  that  only  at  a  few 
points  do  they  approach  the  surface.  In  front  the  anterior  superior  iliac  spine  is 
easily  recognized,  and  in  thin  subjects  stands  out  as  a  prominence  at  the  lateral 
end  of  the  fold  of  the  groin;  in  fat  subjects  its  position  is  indicated  by  an  oblique 
depression,  at  the  bottom  of  which  the  bony  process  can  be  felt.  Proceeding 
upward  and  backward  from  this  process  the  sinuously  curved  iliac  crest  can  be 
traced  to  the  posterior  superior  iliac  spine,  the  site  of  which  is  indicated  by  a  slight 
depression;  on  the  outer  lip  of  the  crest,  about  5  cm.  behind  the  anterior  superior 
spine,  is  the  prominent  iliac  tubercle.  In  thin  subjects  the  pubic  tubercle  is  very 
apparent,  but  in  the  obese  it  is  obscured  by  the  pubic  fat;  it  can,  however,  be 
detected  by  following  up  the  tendon  of  origin  of  Adductor  longus.  Another  part 
of  the  bony  pelvis  which  is  accessible  to  touch  is  the  ischial  tuberosity,  situated 
beneath  the  Glutaeus  maximus,  and,  when  the  hip  is  flexed,  easily  felt,  as  it  is  then 
uncovered  by  muscle. 

The  femur  is  enveloped  by  muscles,  so  that  in  fairly  muscular  subjects  the  only 
accessible  parts  are  the  lateral  surface  of  the  greater  trochanter  and  the  lower 
expanded  end  of  the  bone.  The  site  of  the  greater  trochanter  is  generally  indicated 
by  a  depression,  owing  to  the  thickness  of  the  Glutaei  medius  and  minimus  which 
project  above  it;  when,  however,  the  thigh  is  flexed,  and  especially  if  it  be  crossed 
over  the  opposite  one,  the  trochanter  produces  a  blunt  eminence  on  the  surface. 
The  lateral  condyle  is  more  easily  felt  than  the  medial;  both  epicondyles  can  be 
readily  identified,  and  at  the  upper  part  of  the  medial  condyle  the  sharp  adductor 
tubercle  can  be  recognized  without  difficulty.  When  the  knee  is  flexed  a  portion 
of  the  patellar  surface  is  uncovered  and  is  palpable. 

The  anterior  surface  of  the  patella  is  subcutaneous.  When  the  knee  is  extended 
the  medial  border  of  the  bone  is  a  little  more  prominent  than  the  lateral,  and  if 
the  Quadriceps  femoris  be  relaxed  the  bone  can  be  moved  from  side  to  side.  When 
the  joint  is  flexed  the  patella  recedes  into  the  hollow  between  the  condyles  of  the 
femur  and  the  upper  end  of  the  tibia,  and  becomes  firmly  applied  to  the  femur. 

A  considerable  portion  of  the  tibia  is  subcutaneous.  At  the  upper  end  the  con- 
dyles can  be  felt  just  below  the  knee;  the  medial  condyle  is  broad  and  smooth, 
and  merges  into  the  subcutaneous  surface  of  the  body  below;  the  lateral  is  narrower 
and  more  prominent,  and  on  it,  about  midway  between  the  apex  of  the  patella 
and  the  head  of  the  fibula,  is  the  tubercle  for  the  attachment  of  the  iliotibial  band. 
In  front  of  the  upper  end  of  the  bone,  between  the  condyles,  is  an  oval  eminence, 
the  tuberosity,  which  is  continuous  below  with  the  anterior  crest  of  the  bone.  This 
crest  can  be  identified  in  the  upper  two-thirds  of  its  extent  as  a  flexuous  ridge, 
but  in  the  lower  third  it  disappears  and  the  bone  is  concealed  by  the  tendons  oiF 
the  muscles  on  the  front  of  the  leg.  Medial  to  the  anterior  crest  is  the  broad 
surface,  slightly  encroached  on  by  muscles  in  front  and  behind.  The  medial 
malleolus  forms  a  broad  prominence,  situated  at  a  higher  level  and  somewhat 
farther  forward  than  the  lateral  malleolus;  it  overhangs  the  medial  border  of  the 
arch  of  the  foot;  its  anterior  border  is  nearly  straight,  its  posterior  presents  a  sharp 
edge  which  forms  the  medial  margin  of  the  groove  for  the  tendon  of  Tibialis 
posterior. 

The  only  subcutaneous  parts  of  the  fibula  are  the  head,  the  lower  part  of  the 
body,  and  the  lateral  malleolus.  The  head  lies  behind  and  lateral  to  the  lateral 
condyle  of  the  tibia,  and  presents  as  a  small  prominent  pyramidal  eminence  slightly 
above  the  level  of  the  tibial  tuberosity;  its  position  can  be  readily  located  by 


SURFACE  ANATOMY  OF  THE  LOWER  EXTREMITY 


1325 


following  downward  the  tendon  of  Biceps  iemoris.  The  lateral  malleolus  is  a 
narrow  elongated  prominence,  from  which  the  tower  third  or  half  of  the  lateral 
surface  of  the  body  of  the  bone  can  be  traced  upward. 

On  the  dorsum  of  the  tarsus  the  individual  bones  cannot  be  distinguished,  with 
the  exception  of  the  head  of  the  talna,  which  forms  a  rounded  projection  in  front 
of  the  ankle-joint  when  the  foot  is  forcibly  extended.  The  whole  dorsal  surface  of 
the  foot  has  a  smooth  convex  outline,  the  summit  of  which  is-  the  ridge  formed  by 
the  head  of  the  talus,  the  navicular,  the  second  cuneiform,  and  the  second  meta- 
tarsal bone;  from  this  it  inclines  gradually  lateralward,  and  rapidly  medialward. 
On  the  medial  side  of  the  foot  the  medial  process  of  the  tuberosity  of  the  calcaneus 
and  the  ridge  separating  the  posterior  from  the  medial  surface  of  the  bone  are 
distinguishable;  in  front  of  this,  and  below  the  medial  malleolus,  is  the  susten- 
taculum tali.  The  tuberosity  of  the  navicalar  is  palpable  about  2.5  to  3  cm.  in 
front  of  the  medial  malleolus. 

Farther  forward,  the  ridge  formed  by  the  base  of  the  first  metatusil  bone  can 
be  obscurely  felt,  and  from  this  the  body  of  the  bone  can  be  traced  to  the  expanded 
head;  beneath  the  base  of  the  first  phalanx  is  the  medial  sesamoid  bone.  On  the 
lateral  side  of  the  foot,  the  most 
posterior  bony  point  is  the  lateral 
process  of  the  tuberosity  of  the 
calcaneus,  with  the  ridge  separating 
the  posterior  from  the  lateral  sur- 
face of  the  bone.  In  front  of  this 
the  greater  part  of  the  lateral  sur- 
face of  the  calcaneus  is  subcuta- 
neous; on  it,  below  and  in  front  of 
the  lateral  malleolus,  the  trochlear 
process,  when  present,  can  be  felt. 
Farther  forward  the  base  of  the 
fifth  metatarsal  bone  is  prominent, 
■  and  from  it  the  body  and  expanded 
head  can  be  traced. 

As  in  the  case  of  the  meta- 
carpals, the  dorsal  surfaces  of  the 
metatusil  bones  are  easily  defined, 
although  their  heads  do  not  form 
prominences;  the  plantar  surfaces 
are  obscured  by  muscles.  The 
phalanges  in  their  whole  extent  are 
readily  palpable. 

Artlcalatiotu.  —  The  hip-Joint  is 
deeply  seated  and  cannot  be  pal- 
pated. 

The  interval  between  the  tibia 
and  femur  can  always  be  easily 
felt;  if  the  knee-joint  be  extended 
this  interval  is  on  a  higher  level 
than  the  apex  of  the  patella,  but 
if  the  joint  be  slightly  fiexed  it  is 

directly    behind   the    apex.      When  no.  U17.— Front  and  medLBl  aspect  of  right  thi«h. 

the  knee  is  semifiexed,  the  medial 

borders  of  the  patella  and  of  the  medial  condyle  of  the  femur,  and  the  upper 
border  of  the  medial  condyle  of  the  tibia,  bound  a  triangular  depressed  area  which 
indicates  the  position  of  the  joint. 


Tauar/oM 


Femomt  triangle 


Qvodrkept /tm 


Tnberotity  of  lii 
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The  ukl«-Joitit  can  be  felt 
on  either  s[de  of  the  Ex- 
tensor tendons,  and  during 
extension  of  the  joint  the 
superior  articular  surface  of 
the  taius  presents  below  the 
anterior  border  of  the  lower 
end  of  the  tibia. 

Hnseles. — Of  the  muscles 
of  the  thigh,  those  of  the 
anterior  femoral  region  (Fig. 
1117)  contribute  largely  to 
surface  form.  The  Tensor 
lascUe  UtH  produces  a  broad 
elevation  immediately  below 
the  anterior  part  of  the  iliac 
crest  and  behind  the  ante- 
rior superior  iliac  spine;  from 
its  lower  border  a  groove 
caused  by  the  iliotibial  band 
extends  downward  to  the 
lateral  side  of  the  knee-joint. 
The  upper  portion  of  Sarto- 
lins  constitutes  the  lateral 
boundary  of  the  femoral  tri- 
angle, and,  when  the  muscle 
is  in  action,  forms  a  promi- 
nent oblique  ridge  which  is 
continued  below  into  a  flat- 
tened plane  and  then  grad- 
ually merges  into  a  general  - 
fulness  on  the  medial  side 
of  the  knee-joint-  When 
the  Sartorius  is  not  in  action, 
a  depression  exists  between 
the  Quadriceps  femoris  and 
the  Adductors,  and  extends 
obliquely  downward  and 
medialward  from  the  apex 
of  the  femoral  triangle  to 
the  side  of  the  knee.  In 
the  angle  formed  by  the 
divergence  of  Sartorius  and 
Tensor  fasciae  latae,  just 
below  the  anterior  superior 
iliac  spine,  the  Kectns  femoris 
appears,  and  in  a  muscular 
subject  its  borders  can  be 
clearly  defined  when  the 
muscle  is  in  action.  The 
Tastos  lateralis  forms  a  long 
flattened  plane  traversed  by 
the  groove  of  the  iliotibial 
band.  The  Tastos  medialis 
gives  rise  to  a  considerable 
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udrictpt 


prominence  on  the  medial  aide  of  the  lower  half  of  the  thigh;  this  prominence  in- 
creases toward  the  knee  and  ends  somewhat  abruptly  with  a  full  curved  outline. 
The  Tutus  intermedins  is  completely  hidden.  The  Adductores  cannot  be  differ- 
entiated from  one  another,  with  the  exception  of  the  upper  tendon  of  Adductor 
longus  and  the  lower  tendon  of  Adductor  magnus.  When  the  Adductor  longns  is  in 
action  its  upper  tendon  stands  out  as  a  prominent  ridge  running  obliquely  down- 
ward and  lateralward  from  the  neighborhood  of  the  pubic  tubercle,  and  forming 
the  medial  border  of  the  femoral  triangle.  The  lower  tendon  of  Adductor  mapins 
can  be  distinctly  felt  as  a  short  ridge  extending  downward  between  the  Sartorius 
and  Vastus  medialis  to  the  adductor  tubercle.  The  adductores  SU  in  the  tri- 
angular space  at  the  upper  part  of 
the  thigh,  between  the  femur  and 
the  pelvis,  and  to  them  is  due  the 
contour  of  the  medial  border  of 
the  thigh,  the  Oradlis  contributing 
largely  to  the  smoothness  of  the 
outline. 

The  GlutMos  mwdmus  (Fig.  1118)  P'fl^ 

forms  the  full  roimded  outline  of  the 

buttock;  it  is  more  prominent  be-  -heroiiiy 

hind,  compressed  in  front,  and  ends  tibia 

at  its  tendinous  insertion  in  a  de- 
pression   immediately    behind    the 
greater  trochanter;  its  lower  border     Gattroatai 
crosses    the   gluteal  fold   obliquely  Perm 

downward    and    lateralward.     The  otrior 

upper  part  of  Glutaeus  medius  is 
visible,  but  its  lower  part  with  Glu- 
taeus minimus  and  the  external 
rotators  are  completely  hidden. 
From  beneath  the  lower  margin  of 
Glutaeus  maximus  the  hamstrings 
appear;  at  first  they  are  narrow 
and  not  well-defined,  but  as  they 
descend  they  become  more  promi-  Lateral 
oent  and  eventually  divide  into  two  malledu^f 
well-marked  ridges  formed  by  their 
tendons;  these  constitute  the  upper 
boundaries  of  the  popliteal  fossa. 
The  tendon  of  Biceps  femoiis  is  a 
thick  cord  running  to  the  head  of 

the  fibula;  the  tendons  of  the  Semi-  fio.  uib.— L.ter.i»(.pe=t  of  righiieg. 

tnembranoBna  and  Semitendinosns  as 

they  run  medialward  to  the  tibia  are  separated  by  a  slight  furrow;  the  Semitendi- 
nosus  is  the  more  medial,  and  can  be  felt  in  certain  positions  of  the  limb  as  a  sharp 
cord,  while  the  Semimembranosus  is  thick  and  rounded.  The  Gracilis  is  situated  a 
little  in  front  of  them. 

The  Tibialis  anterior  (Fig.  1119)  presents  a  fusiform  enlargement  at  the  lateral 
side  of  the  tibia  and  projects  beyond  the  anterior  crest  of  the  bone;  its  tendon  can 
be  traced  on  the  front  of  the  tibia  and  ankle-joint  and  thence  along  the  medial  side 
of  tbe  foot  to  the  base  of  the  first  metatarsal  bone.  The  fleshy  fibres  of  Peronaens 
loncos  are  strongly  marked  at  the  upper  part  of  the  lateral  side  of  the  leg;  it  is 
separated  by  furrows  from  Extensor  digitorum  longus  in  front  and  Soleus  behind. 
Below,  tbe  fleshy  fibres  end  abruptly  in  a  tendon  which  overlaps  the  more  flattened 
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elevation  of  Penmima  bnria ;  below  the  lateral  malletdus  the  tendon  of  Peronaeus 
brevis  is  the  more  marked. 

On  the  dorsum  of  the  foot  (Fig,  1120)  the  tendons  emerging  from  beneath  the 
transverse  and  cruciate  crural  ligaments  spread  out  and  can  be  distinguished  as 
follows:  the  most  medial  and  largest  is  Tibialis  anterior,  the  next  is  Extensor 
hallucis  proprius,  then  Extensor  digitorum  longus  dividing  into  four  tendons,  to 
the  second,  third,  fourth,  and  fifth  toes,  and  lastly  Peronaeus  tertius.  The  Eztenaor 
difitomm  brevia  produces  a  rounded  outline  on  the  dorsum  of  the  foot  and  a  fulness  in 
front  of  the  lateral  malleolus.  The  Interossei  dnsalAS  bulge  between  the  metatarsal 
bones. 


At  the  back  of  the  knee  is  the  popliteal  fossa,  bounded  above  by  the  tendons  of 
the  hamstrings  and  below  by  the  Gastrocnemius.  Below  this  fossa  is  the  prominent 
fleshy  mass  of  the  calf  of  the  leg  produced  by  Gastrocnemius  and  Soleus  (Fig.  1118). 
When  these  muscles  are  in  action  the  borders  of  Oastrocnemina  form  two  well- 
defined  curved  lines  which  converge  to  the  tendocalcaneus ;  the  medial  border  is  the 
more  prominent.  At  the  same  time  the  edges  of  Soleus  can  he  seen  forming,  on 
either  side  of  Gastrocnemius,  curved  eminences,  of  which  the  lateral  is  the  longer. 
The  fleshy  mass  of  the  calf  ends  somewhat  abruptly  in  the  tendocalcaneus,  which 
tapers  in  the  upper  three-fourths  of  its  extent  but  widens  out  slightly  below. 
Behind  the  medial  border  of  the  lower  part  of  the  tibia  (Pig.  1121)  a  well-defined 
ridge  is  producetl  by  the  tendon  of  Tibialis  posterior  during  contraction  of  the 
muscle. 

On  the  sole  of  the  foot  the  Abductor  digit!  qninti  forms  a  narrow  rounded  eleva- 
tion on  the  lateral  side,  and  the  Abductor  h&Ilucis  a  lesser  elevation  on  the  medial 
side.  The  Flexor  diKitorum  brevis,  bound  down  by  the  plantar  aponeurosis,  is  not 
very  apparent;  it  produces  a  flattened  form,  and  the  thickened  skin  underlying 
it  is  thrown  into  numerous  wrinkles. 

Arteries. — The  femoral  arterr  as  it  crosses  the  brim  of  the  pelvis  is  readily  felt; 
in  its  course  down  the  thigh  its  pulsation  becomes  gradually  more  difhcult  of  recog- 
nition. ^Vhen  the  knee  is  flexed  the  pulsation  of  the  popliteal  artery  can  easily  be 
detected  in  the  popliteal  fossa. 
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On  the  lower  part  of  the  front  of  the  tibia  the  anterior  tibial  arterr  becomes 
superficial  and  can  be  traced  over  the  ankle  into  the  dorsalis  pedis;  the  latter  can 
be  followed  to  the  proximal  end  of  the  first  intermetatarsal  space.  The  pulsation 
of  the  posterior  tibial  artery  becotDes  evident  near  the  lower  end  of  the  back  of  the 
tibia,  and  is  easily  detected  behind  the  medial  malleolus. 


Fio.  1121.— Tbe  mucoua  abeBths  of  the  tcndana  Bround  Chs  ukls,    MedimI  up«t. 

Teins. — By  compressing  the  proximal  trunks,  the  venous  arch  on  the  dorsum 
of  the  foot,  together  with  the  great  and  small  saphenous  veins  leading  from  it  (see 
page  756),  are  rendered  visible. 

Nerves. — ^The  only  nerve  of  the  lower  extremity  which  can  be  located  by  palpa- 
tion is  the  common  peroneal  as  it  winds  around  the  lateral  side  of  the  neck  of  the 
fibula. 

SURFACE  MAREmaS   OF   THE  LOWER   EXTREMITT. 

Bony  Landmarks. — ^The  anterior  superior  iliac  spine  is  at  the  level  of  the  sacral 
promontory — the  posterior  at  the  level  of  the  spinous  process  of  the  second  sacral 
vertebra.  A  horizontal  line  through  the  highest  points  of  the  iliac  crests  passes 
also  through  the  spinous  process  of  the  fourth  lumbar  vertebra,  while,  as  already 
pointed  out  (page  1303),  the  transtubereular  plane  through  the  tubercles  on  the 
iliac  crests  cuts  the  body  of  the  fifth  lumbar  vertebra.  The  upper  margin  of  the 
greater  sciatic  notch  is  opposite  the  spinous  process  of  the  third  sacral  vertebra, 
and  slightly  below  this  level  is  the  posterior  inferior  iliac  spine.  The  surface  mark- 
ings of  the  posterior  inferior  iliac  spine  and  the  ischial  spine  are  both  situated  in  a 
line  which  joins  the  posterior  superior  iliac  spine  to  the  outer  part  of  the  ischial 
tuberosity;  the  posterior  inferior  spine  is  5  cm.  and  the  ischial  spine  10  cm.  below 
the  posterior  superior  spine;  the  ischial  spine  is  opposite  the  first  piece  of  the 
coccyx. 

With  the  botly  in  the  erect  posture  the  line  joining  the  pubic  tubercle  to  the  top 
of  the  greater  trochanter  is  practically  horizontal;  the  middle  of  this  line  overlies 
the  acetabulum  and  the  head  of  the  femur. 

A  line  used  for  clinical  purposes  is  that  of  N^laton  (Fig.  1122),  which  is  drawn 
from  the  anterior  superior  iliac  spine  to  the  most  prominent  part  of  the  ischial 
tuberosity;  it  crosses  the  centre  of  the  acetabulum  and  the  upper  border  of  the 
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greater  trochanter.  Another  surface  marking  of  clinical  importance  is  Bryant's 
triancle,  which  is  mapped  out  thus:  a  line  from  the  anterior  superior  iliac  spine 
to  the  top  of  the  greater  trochanter  forms  the  base  of  the  triangle;  its  sides  are 
formed  respectively  by  a  horizontal  line  from  the  anterior  superior  iliac  spine  and 
a  vertical  line  from  the  top  of  the  greater  trochanter. 


Sacndubtrtm*  li0 
Saerotpiiunu 


Fia.  1122.— N«1aton'i  line  and  Brvint'i  triauale. 

ArticnUtionB. — The  posterior  superior  iliac  spine  overlies  the  centre  of  the  sacro- 
iliac articnlatlong. 

The  hip-joint  may  be  indicated,  as  described  above,  by  the  centre  of  a  horizontal 
line  from  the  pubic  tubercle  to  the  top  of  the  greater  trochanter;  or  more  generally, 
it  is  below  and  slightly  lateral  to  the  middle  of  the  inguinal  ligament.  The  knee-j(^t 
is  superficial  and  requires  no  surface  marking.  The  level  of  the  ankls-joint  is  that 
of  a  transverse  line  about  1  cm.  above  the  level  of  the  tip  of  the  medial  malleolus. 
If  the  foot  be  forcibly  extended,  the  head  of  the  talus  appears  as  a.  rounded  promi- 
nence on  the  medial  side  of  the  dorsum;  just  in  front  of  this  prominence  and  behind 
the  tuberosity  of  the  navicular  is  the  t&lonaTicnl&r  joint.  The  calcaneocuboid  Jdnt 
is  situated  midway  between  the  lateral  malleolus  and  the  prominent  base  of  the 
fifth  metatarsal  bone;  the  line  indicating  it  is  parallel  to  that  of  the  takmavicnlar 
joint.  The  line  of  the  fifth  tarsometatanial  joint  is  very  oblique;  it  starts  from  the 
projection  of  the  base  of  the  fifth  metatarsal  bone,  and  if  continued  would  pass 
through  the  head  of  the  first  metatarsal.  The  lines  of  the  lourth  and  third  tarso- 
metatarsal joints  are  less  oblique.  The  first  tarsometatarsal  joint  corresponds  to  a 
groove  which  can  be  felt  by  making  firm  pressure  on  the  medial  border  of  the  foot 
2.5  cm.  in  front  of  the  tuberosity  of  the  navicular  bone;  the  position  of  the  second 
tarsometatarsal  Joint  is  1.25  cm.  behind  this.  The  metatarsophalanKeal  joints  are 
about  2.5  cm.  behind  the  webs  of  the  corresponding  toes. 

Hnsdes. — None  of  the  muscles  require  any  special  surface  lines  to  indicate 
them,  but  there  are  three  intermuscular  spaces  which  occasionally  require  defini- 
tion, viz.,  the  femoral  triangle,  the  adductor  canal,  and  the  popliteal  fossa. 
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The  femoral  triangle  is  bounded  above  by  the  inguinal  ligament,  laterally  by  the 
medial  border  of  Sartorius,  and  medially  by  the  medial  border  of  Adductor  longus. 
In  the  triangle  is  the  fossa  ovalis,  through  which  the  great  saphenous  vein  dips  to 
join  the  femoral;  the  centre  of  this  fossa  is  about  4  cm.  below  and  lateral  to  the 
pubic  tubercle,  its  vertical  diameter  measures  about  4  cm.  and  its  transverse  about 
1.5  cm.    The  femoral  ring  is  about  1.25  cm.  lateral  to  the  pubic  tubercle. 

The  adductor  canal  occupies  the  medial  part  of  the  middle  third  of  the  thigh;  it 
begins  at  the  apex  of  the  femoral  triangle  and  lies  deep  to  the  vertical  part  of 
Sartorius.  The  popliteal  fossa  is  bounded:  above  and  medially  by  the  tendons 
of  Semimembranosus  and  Semitendinosus;  above  flind  laterally  by  the  tendon  of 
Biceps  femoris;  below  and  medially  by  the  medial  head  of  Gastrocnemius;  below 
and  laterally  by  the  lateral  head  of  Gastrocnemius  and  the  Plantaris. 

Mucous  Sheaths. — ^The  positions  of  the  mucous  sheaths  around  the  tendons 
about  the  ankle-joints  are  sufficiently  indicated  in  Figs.  1120,  1121  (see  also  page 
586). 


Superior  glutetd 
artery    ' 


Inferior  gluteal 
artery 

Internal  pudendal 
artery 


Fio.  1123. — ^Left  gluteal  region,  showing  surface  markings  for  arteries  and  sciatio  nerve. 


Arteries. — ^The  points  of  emergence  of  the  three  main  arteries  on  the  buttock, 
viz.,  the  superior  and  inferior  gluteals  and  the  internal  pudendal,  may  be  indicated 
in  the  following  manner  (Fig.  1123).  With  the  femur  slightly  flexed  and  rotated 
inward,  a  line  is  drawn  from  the  posterior  superior  iliac  spine  to  the  posterior  supe- 
rior angle  of  the  greater  trochanter;  the  point  of  emergence  of  the  superior  gluteal 
artery  from  the  upper  part  of  the  greater  sciatic  foramen  corresponds  to  the  junction 
of  the  upper  and  middle  thirds  of  this  line.  A  second  line  is  drawn  from  the  poste- 
rior superior  iliac  spine  to  the  outer  part  of  the  ischial  tuberosity;  the  junction 
of  its  lower  with  its  middle  third  marks  the  point  or  emergence  of  the  inferior 
gluteal  and  internal  pudendal  arteries  from  the  lower  part  of  the  greater  sciatic 
foramen.  The  course  of  the  femoral  artery  (Fig.  1124)  is  represented  by  the  upj)er 
two-thirds  of  a  line  from  a  point  midway  between  the  anterior  superior  iliac  spine 
and  the  symphysis  pubis  to  the  adductor  tubercle,  with  the  thigh  abducted  and 
rotated  outward;  the  profunda  femoris  arises  from  it  about  1  to  5  cm.  below  the 
inguinal  ligament.  The  course  of  the  upper  part  of  the  popliteal  artery  (Fig.  1126) 
is  indicated  by  a  line  from  the  lateral  margin  of  Semimembranosus  at  the  junction 
of  the  middle  and  lower  thirds  of  the  thigh,  obliquely  downward  to  the  middle  of 
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the  popliteal  fossa;  from  this  point  it  runs  vertically  downward  for  about  2.5  cm. 
or  to  the  level  of  a  line  through  the  lower  part  of  the  tibial  tuberosity.  The  line 
indicating  the  anterior  tibial  artery  (Fig.  1125)  is  drawn  from  the  medial  side  of 
the  head  of  the  fibula  to  a  point  midway  between  the  malleoli;  the  artery  begins 
about  3  cm.  below  the  head  of  the  fibula.  The  dorealia  pedis  artery  is  represented 
on  the  dorsiun  of  the  foot  by  a  line  from  the  centre  of  the  interval  between  the 
malleoli  to  the  proximal  end  of  the  first  intermetatarsal  space. 


Femoral  nerve 


Femoral  artery 


Adductor  tubercle 


Anterior  tibial  artery 


Deep  peronaecd  nerve 


Fio.  1124. —  Front  of  right  thigh,  showing  surface 
markings  for  bones,  femoral  artery  and  femoral  nerve. 


Fio.  1125. — Lateral  aspeot  of  right  leg,  showing 
surface  markings  for  bones,  anterior  tibial  and 
dorsalls  pedis  arteries,  and  deep  peroneal  nenre. 


The  course  of  the  posterior  tibial  artery  (Fig.  1126)  can  be  shown  by  a  line  from 
the  end  of  the  popliteal  artery,  i,  e.,  2.5  cm.  below  the  centre  of  the  popliteal  fossa, 
to  midway  between  the  tip  of  the  medial  malleolus  and  the  centre  of  the  convexity 
of  the  heel;  its  main  branch,  the  peroneal  artery,  begins  about  7  or  8  cm.  below  the 
level  of  the  knee-joint  and  follows  the  line  of  the  fibula  to  the  back  of  the  lateral 
malleolus.  The  medial  and  lateral  plantar  arteries  begin  from  the  end  of  the  poste- 
rior tibial;  the  medial  extends  to  the  middle  of  the  plantar  surface  of  the  ball  of  the 
great  toe,  the  lateral  to  within  a  finger's  breadth  of  the  tuberosity  of  the  fifth 
metatarsal  bone;  from  this  latter  point  the  plantar  arch  crosses  the  foot  trans- 
versely to  the  proximal  end  of  the  first  intermetatarsal  space. 

Veins. — ^The  line  of  the  great  saphenous  vein  is  from  the  front  of  the  medial 
malleolus  to  the  centre  of  the  fossa  ovalis;  the  small  saphenous  vein  runs  from  the 
back  of  the  lateral  malleolus  to  the  centre  of  the  popliteal  fossa. 
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'  Sciatic  nertfe 


Common 
peroneal, 
nerve 
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tibial' 
artery 


-''"\ 


Popliteal  artery 


Tibial  nerve 

Posterior  tibial 
artery 
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Fig.  1126. — Back  of  left  lower  extremity,  showing  surface  markings  for  bones,  vessels,  and  nerves. 
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Nerves. — ^The  course  of  the  sciatic  nerve  (Fig.  1126)  can  be  indicated  by  a  line 
from  a  point  midway  between  the  outer  border  of  the  ischial  tuberosity  and  the 
posterior  superior  angle  of  the  greater  trochanter  to  the  upper  angle  of  the  popliteal 
fossa.  The  continuation  of  this  line  vertically  through  the  centre  of  the  popliteal 
fossa  represents  the  position  of  the  tibial  nerve,  while  the  common  peroneal  nerve 
follows  the  line  of  the  tendon  of  Biceps  femoris.  The  lines  for  the  deep  peroneal 
nerve  and  the  continuation  of  the  tibial  nerve  corresponds  respectively  to  those  for 
the  anterior  and  posterior  tibial  arteries. 
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OLD  TEBMINOLOQT 

Verid>ral  Column 

Columna  VertebralU 

Spinal  Column 

VertebnB 

Vertebra 

Vertebra 

Vertebral  arch 
Vertebral  foramen 
Pedicle 

Vertebral  notch 
Costal  demifacet 
Facet  for  tubercle  of  rib 

Arcus  vertebrae 
Foramen  vertebrale 
Radix  arcus  vertebrae 
Incisure  vertebralis 
Fovea  costalis 
Fovea  costalis  transversalis 

Neural  arch 
Spinal  foramen 
Pedicle 

Intervertebral  notch 
Demifacet  for  head  of  rib 
Facet  for  tubercle  of  rib 

AtUs 

AtUs 

AtUs 

Facet  for  odontoid  process 

Fovea  dentis 

Facet  for  odontoid  process 

Axis 

Epistro^eiu 

Axis 

Odontoid  process 

Dens 

Odontoid  process 

Saenun 

Os  Sacmm 

Sacmm 

Lateral  part 
Sacral  tuberosity 

Pars  lateralis 
Tuberositas  sacralis 

Lateral  mass 

Rough     surface    for    pos 

Middle  sacral  crest 
Lateral  sacral  crests 
Sacral  articular  crests 
Vertebral  canal 

Bteniiim 

Jugular  notch 

Body 

Sternal  angle 

Xiphoid  process 

Anterior  surface  of  sternum 

Bibs 

Costal  groove 

Cranial  Bones 

Ooeipital  bone 

Squama 

Highest  nuchal  line 
Superior  nuchal  line 
Inferior  nuchal  line 
Sagittal  sulcus 

Lateral  part 

Hypoglossal  canal 

Condyloid  canal 

Basilar  part 

Superior  border 

Upper  half  of  inferior  border 


Crista  sacralis  media 
Cristae  sacrales  laterales 
Cristae  sacrales  articulares 
Canalis  sacralis 

Bternum 

Incisura  jugularis 
Corpus 

Angulus  stemi 
Processus  ziphoideus 
Planum  stemale 

Coetae 

Sulcus  costae 

Oasa  Cranii 

Os  oecipitale 

Squama  occipitalis 
Lmea  nuchae  suprema 
Linea  nuchae  superior 
Linea  nuchae  inferior 
Sulcus  sagittalis 

Pars  lateralis 
Canalis  hypoglossi 
Canalis  condyloideus 
Pars  basilaris 
Margo  lambdoideus 
Margo  mastoideus 


sacroiliac   ligament 
Spinous     processes     of     sacral 

vertebrae 
Transverse  processes  of  sacral 

vertebra 
Articular    processes    of    sacral 

vertebrae 
Sacral  canal 

Stemiim  (Breast  bone) 

Suprasternal  notch 
Gladiolus 
Angulus  Ludovici 
Ensiform  or  xiphoid  process 
Anterior  surface  of  sternum 

Bibs 

Subcostal  groove 

Cranial  Bones 

Oecipital  bone 

Tabular  portion 
Highest  curved  line 
Superior  curved  line 
Inferior  curved  line 
Groove    for    superior    longitu- 
dinal sinus 
Condylic  portion 
Anterior  condyloid  foramen 
'Posterior  condyloid  foramen 
Basilar  process 
Superior  border 
Upper  half  of  inferior  border 
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ParieUl  bone  Os  parietale 


External  surface 
Parietal  eminence 
Temporal  lines 
Internal  surface 
Sagittal  sulcus 

Sagittal  border 
Squamous  border 
Frontal  border 
Occipital  border 
Frontal  angle 
Sphenoidal  angle 
Occipital  angle 
Mastoid  angle 
Groove  for  transverse  sinus 

Frontal  bone 

Squama 

External  surface 
Orbital  part 
Frontal  eminence 
Zygomatic  process 
Nasal  part 
Frontal  spine 
Internal  surface 
Sagittal  sulcus 

Temporal  bone 

Squama 

Articular  tubercle 
Mandibular  fossa 
Petrotympanic  fissure 
Mastoid  notch 
Sigmoid  sulcus 
Eminentia  arcuata 

Hiatus  of  facial  canal 
Trigeminal  impression 

Internal  acoustic  meatus 
Canal  for  facial  nerve 
Tsrmpanic  canaliculus 

Mastoid  canaliculus 

Vaginal  process 

Tympanomastoid  fissure 
Angles  of  petrous  part 
Septum  canalis  musculotubarii 
Semicanals  m.  tensoris  tympani 
Semicanalis  tubae  auditivae 
Tympanic  part 
External  acoustic  meatus 

Sphenoidal  bone 

Chiasmatic  groove 
Tuberculum  sellae 
Fossa  hypophyseos 
Sphenoidal  crest 
Great  wings 
Spina  angularis 
Small  wings 
Infratemporal  crest 
Pterygoid  canal 
Lateral  pterygoid  plate 

Medial  pterygoid  plate 

Sphenoidal  conchas 
Pterygoid  hamulus 
Pharyngeal  canal 

Ethmoidal  bone 

Cribriform  plate 
Perpendicular  plate 
Ethmoidal  labyrinth 
Lamina  papyracea 
Uncinate  process 
Middle  nasal  concha 
Superior  nasal  concha 


Faoies  parietalis 
Tuber  parietale 
Lineae  temporales 
Facies  oerebralis 
Sulcus  sagittalis 

Margo  sagittalis 
Margo  squamosus 
Margo  frontalis 
Margo  occipitalis 
Angulus  frontalis 
Angulus  sphenoidalis 
Angulus  occipitalis 
Angulus  mastoideus 
Sulcus  transversus 

Os  frontale 

Squama  frontalis 
Facies  frontalis 
Pars  orbitalis 
Tuber  frontale 
Processus  zygomaticus 
Pars  nasalis 
Spina  frontalis 
Facies  cerebralis 
Sulcus  sagittalis 

Os  temporale 

Squama  temporalis 
Tuberculum  articulare 
Fossa  mandibularis 
Fissura  petrotympanica 
Incisura  mastoidea 
Sulcus  sigmoideus 
Eminentia  arcuata 

Hiatus  canalis  facialis 
Impressio  trigemini 

Meatus  acusticus  intemus 
Canalis  facialis  [Fallopii] 
Canaliculus  tympanicus 

Canaliculus  mastoideus 

Vagina  processus  styloidei 

Fissura  tympanomastoidea 

Anguli  pyramidis 

Septum  canalis  musculotubarii  ^ 

Semicanalis  m.  tensoris  tympani 

Semicanalis  tubae  auditivae 

Pars  tympanica 

Meatus  acusticus  extemus 

Os  sphenoidale 

Sulcus  chiasmatis 

Tuberculum  sellae 

Fossa  l^ypoph^^seos 

Crista  sphenoidalis 

Alae  magna 

Spina  angularis 

Aiae  parva 

Crista  infratemporalis 

Canalis  pterygoideus  [Vidii] 

Lamina    lateralis    processus 

pterygoidei 
Lamina   medialis   processus 

pterygoidei 
Conchae  sphenoid  ales 
Hamulus  pterygoideus 
Canalis  pharyngeus 

Os  ethmoidale 

Lamina  cribrosa 
Lamina  perpendicularis 
Labyrinthus  ethmoidalis 
Lamina  papyracea 
Processus  uncinatus 
Concha  nasalis  media 
Concha  nasalis  superior 


OLD  TEBUINOLOOY 

Parietal  bone 

External  surface 
Parietal  eminence 
Temporal  ridges 
Internal  surface 

Groove    for    superior    longitu- 
dinal sinus 
Superior  border 
Interior  border 
Anterior  border 
Posterior  border 
Antero-superior  angle 
Antero-inferior  angle 
Postero-superior  angle 
Postero-inierior  ane^e 
Groove  for  lateral  sinus 

Frontale  bone 

Frontal  or  vertical  portion 
External  surface 
Horizontal  part 
Frontal  emmence 
External  angular  process 
Internal  angular  process 
Nasal  spine 
Internal  surface 

Groove  for  superior  longitudinal 
sinus 

Temporal  bone 

Squamous  portion 

Eminentia  articularis 

Glenoid  cavity 

Glaserian  fissure 

Digastric  fossa 

Fossa  sigmoidea 

Eminence    for    superior    semi- 
circular canal 

Hiatus  Fallopii 

Impression  for  Gasserian 
ganglion 

Internal  auditory  meatus 

Aqueduct  of  Fallopius 

Canal  for  tympanic  branch  of 
glossopharyngeal  nerve 

Canal  for  auricular  branch  of 
vagus 

Vaginal    process    of    temporal 
bone 

Auricular  fissure 

Borders  of  petrous  part 

Processus  cochleariformis 

Canal  for  Tensor  tympani 

Bony  part  of  Eustachian  tube 

Tympanic  plate 

External  auditory  meatus 

Sphenoid  bone 

Optic  groove 
Olivary  eminence 
Pituitary  fossa 
Ethmoidal  crest 
Great  wings 
Spinous  process 
Small  wings 
Pterygoid  ridge 
Vidian  canal 
External  pterygoid  plate 

Internal  pterygoid  plate 

Sphenoidal  turbinated  processes 
Hamular  process 
Pterygopalatine  canal 

Ethmoid  bone 

Horizontal  lamina 

Vertical  plate 

Lateral  mass 

Os  planum 

Unciform  process 

Middle  turbinated  process^ 

Superior  turbinated  process 


OR  BASLE  ANATOMICAL  NOMENCLATURE 


1337 


TBRMINOLOGT  ADOPTED  IN  TEXT        BA8LB  TERMINOLOGY 

Facial  Bones  Osaa  Faciei 

NmsI  bones  OsMnuaUa 

Groove  for  branch  of  nasociliary     Sulcus  ethmoidalis 
nerve 

Blazflla 

Anterior  surface 
Infratemporal  surface 
Alveolar  canals 
Conchal  crest 
Maxillary  sinus 
Zygomatic  process 
Frontal  process 
Ethmoidal  crest 
Palatine  process 
Incisive  foramen 
Incisive  canal 
Os  incifiivum  or  premaxUla 

Tiftftrfinal  bona 

Posterior  lacrimal  crest 
Lacrimal  hamulus 

^gomatic  bona 

Malar  surface 
Temporal  surface 
Zygomaticofacial  foramen 
Zygomaticotemporal  foramen 

Frontosi^enoidal  process 
Zygomaticoorbital  foramen 

Palatina  bona 

Horizontal  part 
Vertical  part 
Conchal  crest 
Ethmoidal  crest 
Pterygopalatine  canal 
Pyramidal  process 
Lesser  palatine  foramina 

Infaiior  nasal  concha 

Mandibla 

Oblique  line 
Mental  spine 
Mylohyoid  line 
Ramus 

Mandibular  foramen 
Mandibular  canal 
Mandibular  notch 

Hyoid  bona 

Body 

Greater  cornua 

Lesser  cornua 

ShuU 

Sutural  bones 
Greater  palatine  foramen 
Foramen  lacerum 
Infratemporal  fossa 
Inferior  orbital  fissure 
Pterygopalatine  fossa 
Superior  orbital  fissure 
Nasal  cavity 
Anterior  nasal  aperture 
Choanse 

Bones  of  Upper  Extremity 
Shoulder  girdle 

CUvida 

Coracoid  tuberosity 
Costal  tuberosity 
Stomal  extremity 
Acromial  extremity 


Manila 

Facies  anterior 
Facies  infratemporalis 
Canales  alveolares 
Crista  conchalis 
Sinus  maxillaris 
Processus  sygomaticus 
Processus  frontalis 
Crista  ethmoidalis 
Processus  palatinus 
Foramen  incisivum 
Canalis  incisivum 
Os  incisivum 

Oslaerimala 

Crista  lacrimalis  posterior 
Hamulus  lacrimalis 

Os  sygomattenm 

Facies  malaris 
Facies  temporalis 
Foramen  sygomaticofaciale 
Foramen  sygomaticotem- 

porale 
Processus  frontosphenoidalis 
Foramen  sygomaticoorbitale 

Os  paUtinnm 

Pars  horisontalis 
Pars  perpendicularis 
Crista  conchalis 
Crista  ethmoidalis 
Canalis  pterygopalatinus 
Processus  pyramidalis 
Foramina  palatina  minora 

Concha  nasalis  inferior 

Mandibula 

Linea  obliqua 
Spina  mentalis 
Lmea  mylohyoidea 
Ramus  mandibulae 
Foramen  mandibulare 
Canalis  mandibulae 
Incisura  mandibulae 

Os  hyoidenm 

Corpus  ossei  hyoidei 
Cornua  majora 
Cornua  minora 

Cranium 

Ossa  saturarum 
Foramen  palatinum  majus 
Foramen  lacerum 
Fossa  infratemporalis 
Fissura  orbitahs  inferior 
Fossa  pterygopalatina 
Fissura  orbitaUs  superior 
Cavum  nasi 
Apertura  piriformis 
Cnoanae 


} 


OLD   TERUINOLOOT 

Facial  Bones 

Nasal  bones 

Groove  for  nasal  nerve 


Superior  maxillary  bona ;  Upper  jaw 

Facial  or  external  surface 
Zygomatic  surface 
Posterior  dental  canals 
Inferior  turbinated  crest 
Antrum  of  Highmore 
Malar  process 
Nasal  process 
Superior  turbinated  crest 
Palatal  process 
Anterior  palatine  foramen 
Foramen  of  Stensen 
Premaxilla 

Lacrimal  bone 

Lacrimal  crest 
Hamular  process 

Malar  bone 

External  surface 
Internal  surface 

Malar  foramina 


Frontal  process 
Temporomalar  canal 

Palate  bone 

Horizontal  plate 

Perpendicular  plate 

Inferior  turbinated  crest 

Superior  turbinated  crest 

Posterior  palatine  canal 

Tuberosity 

Accessory  palatine  foramina 

Turbinated  bone 

Inferior  maxillary  bone ;  Lower  Jaw 

External  oblique  line 
Genial  tuberde 
Internal  oblique  line 
Perpendicular  portions 
Inferior  dental  foramen 
Inferior  dental  canal 
Sigmoid  notch 

Lingual  bone 

Basihyal 

Thjrrohyals 

Ceratohyals 

SkuU 

Wormian  bones 
Posterior  palatine  foramen 
Foramen  lacerum  medium 
Zygomatic  fossa 
Sphenomaxillary  fissure 
Sphenomaxillary  fossa 
Sphenoidal  fissure 
Nasal  fossa 

Anterior  aperture  of  nose 
Posterior  nares 


Ossa  ExtremitcUis  Superioris  Bones  of  Upper  Extremity 

Cingulum  extremitatis  superioris    Shoulder  girdle 


ClaTicula 

Tuberositas  coracoidea 
Tuberositas  costalis 
Extremitas  stemalis 
Extremitas  acromialis 


ClaYiele;  CoDar  bone 

Conoid  tubercle 
Rhomboid  impression 
Internal  extremity 
Outer  extremity 
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Scapula 

Supras^inatous  fossa 
Infraspinatous  fossa 
Scapular  notch 
Medial  angle 
Lateral  angle 

Humenu 

Greater  tubercle 
Lesser  tubercle 
Intertubercular  groove 
Crest  of  greater  tubercle 
Crest  of  lesser  tubercle 
Body 

Lateral  border 
Radial  sulcus 
Medial  border 
Antero-Iateral  surface 
Antero-medial  surface 
Capitulum 
Lateral  epicondyle 
Medial  epicondyle 

Ulna 

Olecranon 
Tuberosity 
Semilunar  notch 
Radial  notch 
Body 

Volar  border 
Dorsal  border 
Interosseous  crest 
Volar  surface 
Dorsal  surface 
Medial  surface 

Badins 

Radial  tuberosity 
Body 

Volar  border 
Dorsal  border 
Interosseous  crest 
Volar  surface 
Dorsal  surface 
Lateral  surface 
Ulnar  notch 

Carpna 

Navicular  bone 
Lunate  bone 
Triangular  bone 
Greater  multangular  bone 
Lesser  multangular  bone 
Capitate  bone 
Hamate  bone 
Hamulus 

Bones  of  Lower  Extremity 
Pelvic  girdle 

Hip-bone 

Posterior  gluteal  line 
Anterior  gluteal  line 
Inferior  gluteal  line 
Arcuate  line 
Iliac  tuberosity 

Ischial  spine 
Greater  sciatic  notch 
Lesser  sciatic  notch 
Superior  ramus 
Inferior  ramus 
Pubic  tubercle 
Superior  ramus 
Inferior  ramus 
Acetabulum 
Obturator  foramen 
Pectineal  line 
Glenoidal  labrum 
Acetabular  notch 


Beapnla 

Fossa  supraspinata 
Fossa  infraspinata 
Incisura  scapulae 
Angulus  medialis 
Angulus  lateralis 

Humenu 

Tuberculum  majus 
Tuberculum  minus 
Sulcus  intertubercularis 
Crista  tuberculi  majoris 
Crista  tuberculi  minoris 
Corpus  ' 

Margo  lateralis 
Sulcus  nervi  radialis 
Margo  medialis 
Facies  anterior  lateralis 
Facies  anterior  medialis 
Capitulum 
Epicondylus  lateralis 
EpicondyluB  medialis 

Ulna 

Olecranon 
Tuberositas  ulnae  ^ 
Incisura  semilunaris 
Indsura  radialis 
Corpus 
Margo  volaris 
Margo  dorsalis 
Crista  interossea 
Facies  volaris 
Facies  dorsalis 
Facies  medialis 

Badins 

Tuberositas  radii 
Corpus 
Margo  volaris 
Margo  dorsalis 
Crista  interossea 
Facies  volaris 
Facies  dorsalis 
Facies  lateralis 
Incisura  ulnaris 

Ossa  Carpi 

Os  naviculare  manus 
Os  lunatum 
Os  triouetrum 
Os  mmtangulum  majus 
Os  multangulum  minor 
Os  capitatum 
Os  hamatum 
Hamulus  oss.  hamati 


OLD   TERMINOLOGY 

Beapnla;  Shoulder  blade 

Supraspinous  fossa 
Infraspinous  fossa 
Suprascapular  notch 
Superior  angle 
External  ang^e 

Hnmema;  Arm  bone 

Greater  tuberosity 

Lesser  tuberosity 

Bicipital  groove 

External  Up  of  bicipital  groove 

Internal  lip  of  bicipital  groove 

Shaft 

External  border 

Musculospiral  groove 

Internal  border 

External  surface 

Internal  surface 

Capitellum 

External  condyle 

Internal  condyle 

Ulna;  Ilbow  bone 

Olecranon  process 

Tubercle 

Greater  sigmoid  cavity 

Lesser  sigmoid  cavity 

Shaft 

Anterior  border 

Posterior  border 

External  or  interosseous  border 

Anterior  surface 

Posterior  surface 

Internal  surface 

Badins 

Bicipital  tuberosity 
Shaft 

Anterior  border 
Posterior  border 
Medial  border 
Anterior  surface 
Posterior  surface 
External  surface 
Sigmoid  cavity 

Carpus 

Scaphoid 

Seniiilunar 

Cuneiform 

Trapezium 

Trapezoid 

Os  magnum 

Unciform 

Unciform  process 


Oaea  ExtremUatie  Inferioris  Bones  of  Lower  Extremis 

Cingulum  extremitatis  inferioris    Pelvic  girdle 


Os  eoxae 

Linea  glutaea  posterior 
Linea  glutaea  anterior 
Linea  glutaea  inferior 
Linea  arcuata 
Tuberositas  iliaca 

Spina  ischiadica 
Incisura  ischiadica  major 
Incisura  ischiadica  minor 
Ramus  superior  ossis  ischii 
Ramus  inferior  ossis  ischii 
Tuberculum  pubicum 
Ramus  superior  ossis  pubis 
Ramus  inferior  ossis  pubis 
Acetabulum 
Foramen  obturatum 
Pecten  ossis  pubis 
Labrum  glenoidale 
Incisura  acetabuli 


Os  innominatnm 

Superior  curved  line 

Middle  curved  line 

Inferior  curved  line 

Iliac  part  of  iliopectineal  line 

Rough    surface    for    posterior 

sacroiliac  ligament 
Spine  of  ischium 
Greater  sacrosciatic  notch 
Lesser  sacrosciatic  notch 
Descending  ramus 
Ascending  ramus 
Spine  of  pubis 
Ascending  ramus 
Descending  ramus 
Cotyloid  ca\'ity 
Thyroid  foramen 
Pubic  part  of  iliopectineal  line 
Cotyloid  ligament 
Cotyloid  notch 
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Pelvis  PelTia 


OLD   TERMINOLOGY 


Pelvis 


Linea  terminalis 

Greater  pelvis 

Lesser  pelvis 

Superior  aperture  of  pelvis 

Inferior  aperture  of  pelvis 

Femur 

Greater  trochanter 
Trochanteric  fossa 
Lesser  trochanter 
Intertrochanteric  line 

Intertroshanterio  crest 
Body 

Gluteal  tuberosity 
Lateral  condyle 
Medial  condyle 
Intercondyloid  fossa 
Medial  epicondyle 
Lateral  epicondyle 
Patellar  surface 


Linea  terminalis 

Pelvis  major 

Pelvis  minor 

Apertura  pelvis  minoris  superior 

Apertura  pelvis  minoris  inferior 

Femur 

Trochanter  major 
Fossa  trochanterica 
Trochanter  minor 
Linea  intertrochanterica 

Crista  intertrochanterica 
Corpus 

Tuberositas  glutaea 
Condylus  lateralis 
Condylus  medialis 
Fossa  intercondylea 
Epicondylus  medialis 
Epicondylus  lateralis 
Facies  patellaris 


Circumference  of  inlet  of  true 

pelvis 
F^se  pelvis 
True  pelvis 
Pelvic  inlet 
Pelvic  outlet 

Femur;  Thigh  bone 

Great  trochanter 

Digit£d  fossa 

Small  trochanter 

Anterior    intertrochanteric     or 

spiral  line 
Posterior  intertrochanteric  line 
Shaft 

Gluteal  ridge 
External  condyle 
Internal  condyle 
Intercondyloid  notch 
Inner  tuberosity 
Outer  tuberosity 
Trochlea 


Tibia 

Medial  condyle 
Lateral  condyle 
Intercondyloid  eminence 
Tuberosity 
Body 

Anterior  crest 
Medial  border 
Interosseous  crest 
Medial  surface 
Lateral  surface 
Popliteal  line 
Malleolar  sulcus 


Tibia 

Condylus  medialis 

Condylus  lateralis 

Eminentia  intercondyloidea 

Tuberositas  tibiae 

Corpus 

Crista  anterior 

Crista  medialis 

Crista  interossea 

Facies  medialis 

Facies  lateralis 

Linea  poplitea 

Sulcus  malleolaris 


Tibia;  Shin  bone 

Inner  tuberosity 

Outer  tuberosity 

Spine  of  tibia 

Tubercle 

Shaft 

Anterior  border 

Internal  border 

External  border 

Internal  surface 

External  surface 

Oblique  line  of  tibia 

Groove  for  tendons  of  Tibialis 

I>osterior    and    Flexor    digi- 

torum  longus 


FibnU 

Apex  of  head 
Body 

Interosseous  crest 
Lateral  malleolus 


Tamns 

Calcaneus 
Tuberosity 
Medial  process 
Lateral  process 
Trochlear  process 
Talus 

Navicular  bone 
First  cuneiform  bone 
Second  cuneiform  bone 
Third  cuneiform  bone 


FibnU 

Apex  capltuli  fibulae 

Corpus 

Crista  interossea 

Malleolus  lateralis 


Ossa  Tarsi 

Calcaneus 

Tuber  calcanei 
Processus  medialis 
Processus  lateralis 

Processus  trochlearis 
Talus 

Os  naviculare  pedis 
Os  cuneif orme  piimum 
Os  cuneif  orme  secundum 
Os  cuneif  orme  tertium 


Fibnla;  Calf  bone 

Styloid  process 
Shaft 

Antero-intemal  border 
External  malleolus  or  distal  ex- 
tremity 

Tarsna 

Os  calcis 

Tuberosity 
Inner  tubercle 
Outer  tubercle 

Peroneal  tubercle 
Astragalus  or  ankle  bone 
Scaphoid  bone 
Internal  cuneiform 
Middle  cuneiform 
External  cuneiform 


SYNDESMOLOGY. 


Synarthrosis 

Amphiarthrosis 

Diarthrosis 

Ginglymus 

Trochoid  or  Pivot  joint 

Condyloid  articulation 

Articulation    by    reciprocal 

reception 
Enarthrosis 
Arthrodia 


Synarthrosis 
Amphiarthrosis 
Diarthrosis 
Ginglymus 

Articulatio  trochoidea 
Articulatio  ellipsoidea 
Articulatio  sellaris 

Enarthrosis 
Arthrodia 


Immovable  articulations 

Slightly  movable  articulations 

Freely  movable  articulations 

Hinge-joint 

Rotary  joint 

Condyloid  articulation 

•Saddle-joint 

BEkU-and-socket  joints 
Gliding  joints 
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ArticiiUtioiiB  of  the  vertebral 
cohmm  and  Granium 

Anterior  longitudinal  ligament 
Posterior  longitudinal  ligament 
Intervertebral  fibrocartUages 

Ligamenta  fiava 

Supraspinal  ligament 

Interspinal  ligaments 

Cruciate  ligament  of  the  atlas 

Anterior  atlantooccipital  mem- 
brane 

Posterior  atlanto5coipital  mem- 
brane 

Membrana  tectoria 

Alar  ligaments 

Articnlation  of  the  mandible 

Temporomandibular  ligament 
Sphenomandibular  ligament 
Articular  disk 
Stylomandibular  ligament 

Artlenlations  of  the  heads  of 
the  ribs 

Radiate  ligament 
Interarticular  ligament 


BASLE  TBRMINOLOGT 

Ligamenta  colomnae  vertebralis 
et  eranii 

Lig.  longitiidinale  anterius 
Lig.  longitudinale  posterius 
Fibrocartilagines  interverte- 

brales 
Ligg.  flava 
Lig.  supraspinale 
Ligg.  interspinalia 
Lig.  cruciatum  atlantis 
Membrana    atlantooccipitalis 

anterior 
Membrana    atlantooccipitalis 

posterior 
Membrana  tectoria 
Ligg.  alalia 

Articnlatio  mandibnlaris 

Lig.  temporomandibulare 
Lig.  sphenomandibulare 
Discus  articularis 
Lig.  stylomandibulare 

Arttcnlationes  capitaloram 

Lig.  capituli  costae  radiatum 


OLD  TERMINOLOGT 

Articnlatioiis   of   the   spine   and 
cranium 

Anterior  common  ligament 
Posterior  common  ligament 
Intervertebral  disks 

Ligamenta  subflava 

Supraspinous  ligament 

Interspinous  ligaments 

Cruciform  ligament  ^ 

Anterior  atlantooccipital  liga- 
ment 

Posterior  atlanto5ccipital  liga- 
ment 

Occipitoaxial  ligament 

Odontoid  or  check  ligaments 

Temporomandibular  articulation 

External  lateral  ligament 
Internal  lateral  ligament 
Articular  meniscus 
Stylomaxillary  ligament 

Costocentral  articulations 


Anterior  costovertebral  or 
stellate  ligament 
Lig.  capituli  costae  interarticu-    Intraarticular  ligament 
lare 


Costotransverse  articulations         Articnlationes  costotransversariae  Costotransverse  articulations 

Anterior  costotransverse  liga-  Lig.     costotransversarium     an-    Anterior  superior  ligament 

ment  terius 

Ligament  of  the  neck  of  the  rib  Lig.  colli  costae 

Ligament  of  the  tubercle  of  the  Lig.  tuberculi  costae 

rib 


Middle  costotramiverse  ligament 
Posterior   costotransverse   liga- 
ment 


Sternocostal  articulations  Articulationes  stemocostales 

Radiate  sternocostal  ligaments      Ligg.  sternocostalia  radiata 

Interarticular  sternocostal  liga-      Lig.  sternocostale  interarticu- 


ment 
Costoxiphoid  ligaments 

Interchondral  articulations 

Artlealations  of  the  pelvis 

Sacrotuberous  ligament 

Saorospinous  ligament 

Sacrococcygeal  symphysis 

Lateral  sacrococcygeal  ligament 
Pubic  symphysis 
Greater  sciatic  foramen 
Lesser  sciatic  foramen 
Pubic  arcuate  ligament 
Interpubic     fibrocartilaginous 
lamina 

Sternoclavicular  articulation 

Costoclavicular  ligament 
Articular  disk 

Acromioclavicular  articulation 

Ligaments  of  the  scapula 

Superior  transverse  ligament 
Inferior  transverse  ligament 

Humeral  articulation 
Olenoidal  labrum 

Elbow-joint 

Ulnar  collateral  ligament 
Radial  collateral  ugament 


lare 
Ligg.  costoxiphoidea 

Articulationes  interchondrales 


Chondrdstemal  articulations 

Chondrosternal  or  sternocostal 

ligaments 
Intraarticular  chondrosternal 
.  ligament 
Chondroxiphoid  ligaments 

Articulations  of  the  cartilages  of 
the  ribs  with  each  other 


Ligg.  cinguli  extremitatis  inf  en-    Articulations  of  the  pelvis 
oris 

Lig.  sacrotuberosum 


Lig.  sacrospinosum 

Symphysis  sacrococcygea 

Lig.  sacrococcygeum  laterale 
Symphysis  ossium  pubis 
Foramen  ischiadicum  majus 
Foramen  ischiadicum  minus 
Lig.  arcuatum  pubis 
Lamina  fibrqcartilaginea  inter- 
pubica 

Articnlatio  stemoclaviculare 

Lig.  costoclaviculare 
Discus  articularis 

Articnlatio  acromioclavicularis 

Ligg.  cinguli  extremitatis 
superioris 

Lig.    transversum    scapulae 

superius 
Lig.  transversum  scapulae 

inferius 

Articulatio  humeri 

Labrum  glenoidale 

Articulatio  cubiti 

Lig.  collaterale  ulnare 
Lig.  collaterale  radiale 


Great  or  posterior  sacrosciatic 

ligament 
Small    or   anterior  sacrosciatic 

ligament 
Articulation  of  the  sacrum  and 

coccyx 
Intertransverse  ligament 
Articulation  of  the  pubic  bones 
Great  sacrosciatic  foramen 
Small  sacrosciatic  foramen 
Subpubic  ligament 
Interpubic  disk 

Sternoclavicular  articulation 

Rhomboid  ligament 
Interarticular  fibrocartilage 

Scapoloclavicular  articulation 

Ligaments  of  the  scapula 

Suprascapular  ligament 
Spinoglenoid  ligament 


Shoulder-joint 

Glenoid  ligament 

Elbow-joint 

Internal  lateral  ligament 
External  lateral  ligament 
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prozi- 


ProziiiiAlradiouliuurartieiiUtion    Articulatio  radiooliiariB 

malls 

Annular  ligament  Lig.  annulare  radii 

Oblique  cord  Chorda  obliqua 


Distal  radioulnar  articulation 

Articular  disk 

Radiocarpal  articulation 

Volar  radiocarpal  ligament 

Dorsal  radiocarpal  ligament 

Ulnar  collateral  ligament 
Radial  collateral  ligament 

Intercarpal  articulations 

Volar  ligaments 

Intermetacarpal  articulations 


Artieulatio  radioulnarls  distalls 
Discus  articularis 

Artieulatio  radiocarpea 
Lig.  radiocarpeum  volare 

Lig.  radiocarpeum  dorsale 

Lig.  coUaterale  carpi  ulnare 
Lig.  collaterale  carpi  radiale 


OLD  TERMINOLOQY 

Superior  radioulnar  joint 

Orbicular  ligament 
Oblique  ligament 

Inferior  radioulnar  joint 

Triangular  articular  disk 

Wrist-joint 

Anterior  ligament  of  the  radio- 
carpal joint 

Posterior  ligament  of  the  radio- 
carpal joint 

Internal  lateral  ligament 

External  lateral  ligament 


Articulationes  intorcarpeae  Carpal  jointo 

Ligg.  interoarpea  volaria  Palmar  ligaments 

Articulationes  intermetacarpeae    Articulations  of  metacarpal  bones 

with  each  other 


Transverse  metacarpal  ligament     Lig.  capitulorum  (oss.  metacar-    Transverse  metacarpal  ligament 

palium)  transversa 


Metacarpophalangeal    articula- 
tions 

Volar  ligaments 
Collateral  ligaments 


Articulationes      metacarpopha-    Metacarpophalangeal  jointa 
langeae 


Ligg.  metacarpophalangeae 

volaria 
Ligg.  collateralia 


Glenoid  ligament  of  Cruveilhier; 

palmar  or  vaginal  ligaments 
Lateral  ligaments 


Articulation  of  the  digita 

Cozal  articulation 

Articular  capsule 
Iliofemoral  ligament 
Pubocapsular  ligament 
Ischiocapsular  ligament 
Glenoidal  labrum 
Transverse  acetabular  ligament 


Articulationes  digitorum  manus     Articulation  of  the  phlanges 


Artieulatio  coxae 

Capsula  articularis 

Lig.  iliofemorale 

Lig.  pubocapsulare 

Lig.  ischiocapsulare 

Labrum  glenoidale 

Lig.  trans versum  acetabuli 


Hip-joint 

Capsular  ligament 
Y-ligament ;  ligament  of  Bigelow 
Pubofemoral  band 
Ligament  of  Bertin 
Cotyloid  ligament 
Transverse  ligament 


Knee-joint 

Articular  capsule 
Patellar  retinacula 
Oblique  popliteal  ligament 
Tibial  collateral  ligament 
Fibular  collateral  ligament 

Cruciate  ligaments 
Anterior  cruciate  ligament 
Posterior  cruciate  ligament 
Menisci 

Medial  meniscus 
Lateral  meniscus 
Alar  folds 
Patellar  fold 

Tibiofibular  articulation 

Articular  capsule 
Ligaments  of  head  of  fibula 


Iiiterosseous  membrane 

Tibiofibular  syndesmosis 

Anterior  ligament 
Posterior  ligament 

Talocrural  articulation 

Articular  capsule 
Deltoid  ligament 
Anterior  talofibular  ligament 
Posterior  talofibular  ligament 
Calcaneofibular  ligament 


Artieulatio  genu 

Capsula  articularis 
Retinacula  patellae 
Lig.  popliteum  obliquum 
Lig.  collaterale  tibiale 
Lig.  collaterale  fibulare 

Ligg.  cruciata  genu 
Lig.  cruciatum  anterius 
Lig.  cruciatum  posterius 
Menisci 

Meniscus  medialis 
Meniscus  lateralis 
Plicae  alares 
Plica  synovalis  patellaris 

Artieulatio  tibiofibularis 

Capsula  articularis 
Ligg.  capituli  fibulae 


Membrana  interossea  cruris 


Knee-joint  • 

Capsular  ligament 
Lateral  patellar  ligaments 
Posterior  ligament 
Internal  lateral  ligament 
External  lateral  or  long  external 

lateral  ligament 
Crucial  ligaments 
External  crucial  Ugament 
Internal  crucial  ligament 
Semilunar  fibrocartilages 
Internal  semilimar  cartilage 
External  semilunar  cartilage 
Ligamenta  alaria 
Ligamentum  mucosum 

Superior  tibiofibular  articulation 

Capsular  ligament 
Anterior  and  posterior  superior 
tibiofibular  ligaments 

Middle  tibiofibular  ligament 


Syndesmosis  tibiofibulare  Inferior  tibiofibular  articulation 

Lig.  malleoli  lateralis  anterius        Anterior  inferior  ligament 
Lig.  malleoli  lateralis  posterius       Posterior  inferior  ligament 


Artieulatio  talocruralis 

Capsula  articularis 
Lig.  deltoideum 
Lig.  talofibulare  anterius 
Lig.  talofibulare  posterius 
Lig.  calcancofibulare 


Ankle-joint;  tibiotarsal  articulation 

Capsular  ligament 
Internal  lateral  ligament 
Anterior  fasciculus   ^  of  external 
Posterior  fasciculus  >  lateral 
Middle  fasciculus     )  ligament 


Intertarsal  articulations 


Articulationes  intertarseae 


Articulations  of  the  tarsus 
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Talocaleaneal  vticoUtion  Artieulatio  taloealcanea 

Articular  capsule  Capsula  articularis 

Anterior  talocaleaneal  ligament  .  Lig.  talocalcaneum  anterius 

Posterior  talocaleaneal  ligament    Lig.  talocalcaneum  posterius 

Lateral  t£docalcaneal  ligament        Lig.  taloc£dcaneum  laterale 

Medial  talocaleaneal  ligament        Lig.  talocalcaneum  mediale 


OLD    TBRMINOLOGT 

ArtlcnUtioii  of  calcaleaneiu  a&d 
Mtragalns:  ealeaneo-Mtraga- 
loid  arttauafclon 

Capsular  ligament 

Anterior    calcaneo-astragaloid 

ligament 
Posterior    c£dcaneoastragaloid 

ligament 
Extem£d     calcaneoastragaloid 

ligament 
Internal     calcaneoastragaloid 

ligament 


TalocaleaneoDAvieiilar  artLeala-    Artieulatio    talocaleaneoiiATieu-    TaloealeaneonaTicnlar      artieiiU- 


tioxi 
Articular  capsule 
Dorsal  talonavicular  ligament 

Caleaneoeaboid  artienUtioii 

Articular  capsule 

Dorsal    calcaneocuboid    liga- 
ment 

Bifurcated  ligament 

Calcaneonavicular  part  of 

Calcaneocuboid  part  of 

Long  plantar  ligament 


Urifl 
Capsula  articularis 
Lig.  talonaviculare  dorsale 


ArticnUtio  calcaaooeaboidea 

Capsula  articularis 

Lig.  c£dcaneocuboideum  dorsale 

Lig.  bifurcatum 

Pars  calcaneonavicularis 

Pars  calcaneocuboid 

Lig.  plantare  longum 


Plantar  calcaneocuboid  ligament    Lig.  calcaneocaboideum 

^  plantare 
Plantar  calcaneonavicular  liga-     Lig.  calcaneonaviculare  plantare 
ment 


CnneoDATieiilar   artienlatioii 


Artienlation  of  the  digits 


Artieulatio  enneonaYiciilarifl 


tion 

Capsular  ligament 

Superior  astragalonavicular  liga- 
ment 

Artienlation    of    ealeaneus    with 
euboid 

Capsular  ligament 
Superior    calcaneocuboid    liga- 
ment 

Superior  calcaneonavicular  liga- 
ment 

Internal  calcaneocuboid  liga- 
ment 

Long  calcaneocuboid  or  super- 
ficial long  plantar  ligament 

Short  plantar  ligament 

Inferior  calcaneonavicular  liga- 
ment 

Artienlation    of   nayienlar    with 
cuneiform  bone 


Artieulationea  digitomm  pedis         ArtieulatioilS  of  the  phalanges 


Epicranius 

Galea  aponeurotica 

Orbicularis  oculi 

Lacrimal  part 
Comigator 
Procerus 
Nasalis 

Depressor  septi 
Quadratus  labii  superioris 

Zygomatic  head 

Infraorbital  head 

Angular  head 

Caninus 

Zygomaticus 

Mentalis 

Quadratus  labii  inferioris 

Triangularis 

Pterygomandibular  raph6 

Parotideomasseteric  fascia 

Temporalis 

Pterygoideus  extemus 

Pterygoideus  internus 

Fascia  colli 

Stemocleidomastoideus 

Digastricus 

Stylohyoideus 

Mylohyoideus 

Geniohyoideus 

Stemohyoideus 

Omohyoideus 

Stemothyreoideus 

Thyreohyoideus 

Longus  capitis 

Rectus  capitis  anterior 


MYOLOGY. 

Epicranius 

Gtdea  aponeurotica 

Orbicularis  oculi 

Pars  lacrim£dis 
Corrugator 
Procerus 
Nasalis 

Depressor  septi 
Quadratus  labii  superioris 

Caput  zygomaticum 

Caput  infraorbitale 

Caput  angulare 

Caninus 

Zygomaticus 

Mentalis 

Quadratus  labii  inferioris 

Triangularis 

Fascia  parotideomasseterica 

Temporalis 

Pterygoideus  extemus 

Pterygoideus  internus 

Fascia  colli 

Stemodeidomastoideus 

Digastricus 

Stylohyoideus 

Mylohyoideus 

Geniohyoideus 

Stemohyoideus 

Omohyoideus 

Stemothyreoideus 

Thyreohyoideus 

Longus  capitis 

Rectus  capitis  anterior 


Ocoipitofrontalis 
Epicranial  aponeurosis 
Orbicularis  palpebrarum 

Tensor  tarsi 
Corrugator  supercilii 
Psnramidalis  nasi 
Compressor  naris 
Depressor  alae  nasi 

Zygomaticus  minor 
Levator  labii  superioris^ 
Levator  labii  superioris 
alaeque  nasi^ 

Levator  anguli  oris 

Zygomaticus  major 

Levator  menti 

Depressor  labii  inferioris;  Quad- 
ratus menti 

Depressor  anguli  oris 

Pterygomandibular  ligament 

Masseteric  fascia 

Temporal 

External  pterygoid 

Internal  pterygoid 

Deep  cervical  fascia 

Sternomastoid 

Digastric 

Stylohyoid 

Mylohyoid 

Geniohyoid 

Sternohyoid 

Omohyoid 

Sternothyroid 

Thyrohyoid 

Rectus  capitis  anticus  major 

Rectus  capitis  anticus  minor 
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Scalenus  anterior 
Scalenus  posterior 
Lumbodorsal  fascia 
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Scalenus  anterior 
Scalenus  posterior 
Fascia  lumbodorsalis 


Splenius  cervicis 

Splenius  cervicis 

Sacrospinalis 

Sacrospinalis 

Illocostalis 

Illocostalis 

'*          lumborum 

**          lumborum 

dorsi 

dorsi 

"         cervicis 

"          cervicis 

Longissimus 

Longissimus 

dorsi 

dorsi 

**           cervicis 

*'           cervicis 

*'           capitis 

"           capitis 

Spinalis  dorsi 

Spinalis  dorsi 

**       cervicis 

cervicis 

"       capitis 

*•       capitis 

Semispinahs  dorsi 

Semi  spinalis  dorsi 

*'           cervicis 

cervicis 

"           capitis 

•*           capitis 

Multifidus 

Multifidus 

Rotatores 

Rotatores 

Intertransversarli 

Intertransversarli 

Rectus  capitis  posterior  major 

Rectus  capitis  posterior  major 

Rectus  capitis  posterior  minor 

Rectus  capitis  posterior  minor 

Obliquus  capitis  inferior 

Obliquus  capitis  inferior 

Obliquus  capitis  superior 

Obliquus  capitis  superior 

Intercostales 

Intercostales 

Intercostales  extemi 

IntercostEkles  extemi 

Intercostales  intemi 

Intercostales  interni 

Subcostales 

Subcostales 

Transversus  thoracis 

Transversus  thoracis 

Serratus  posterior  superior 

Serratus  posterior  superior 
Serratus  posterior  inferior 

Serratus  posterior  inferior 

Diaphragma 

Diaphragma 

Medial  cms            y 
Intermediate  crusV 
Lateral  cms           ) 

Cms  mediale          ) 
Cms  intermedium  > 
Cms  laterale          ) 

Medial  lumbocostal  arch 

Arcus    lumbocostalis     medialis 

■i 

IHalleri] 

Lateral  lumbocostal  arch 

Arcus     lumbocostalis     lateralis 

[HaUeri] 

Obliquus  externus  abdominis 

Obliquus  externus  abdominis 

Subcutaneous  inguinal  ring 

Annulus  inguinalis  subcutaneus 

Superior  cms 
Inferior  cms 

Crus  superior 

Cms  inferior 

Intercmral  fibres 

Fibrae  intercrurales 

Inguinal  ligament 

Ligamentum    inguinale     [Pou- 

parti] 

Lacunar  ligament 

Ligamentum  lacunare  [Gimber- 

nati] 
Ligamentum  inguinale  reflexum 

[Collesi] 

Reflected  ing^uinal  ligament 

Obliquus  intemus  abdominis 

Obliquus  internus  abdominis 

Transversus  abdominis  ^ 

Transversus  abdominis 

Inguinal  aponeurotic  f alx 

Falx  aponeurotica  inguinalis 

Tendinous  inscriptions 

Linea  semicircularis 

Abdominal  inguinal  ring 

Inguinal  canal 

Superior  fascia  of  pelvic  dia- 
phragm 

Inferior  fascia  of  pelvic  dia- 
phragm 

Tendinous  arch  of  pelvic  fascia 

Sphincter  ani  externus 

Sphincter  ani  internus 

Transversus  perinae  superficialis 

Bulbocavernosus 

Ischiocavernosus 

Urogenital  diaphragm 

Superior  fascia  of  urogenital 
diaphragm 

Inferior  fascia  of  urogenital 
diaphragm 

Transversus  perinaei  pro- 
fundus 

Sphincter  urethrae  mem- 
branaceae 

Levator  scapulae 

Pectoral  fascia 


Inscriptiones  tendineae 
Linea  semicircularis  [Dou^asi] 
Annulus  inguinalis  abdommalis 
Canalis  inguinalis 
Fascia  diaphragmatis  pelvis 

superior 
Fascia  diaphragmatis  pelvis 

inferior 
Arcus  tendineus  fasciae  pelvis 
Sphincter  ani  externus 
Sphincter  ani  intemus 
Transversus  perinaei  superficialis 
Bulbocavernosus 

Ischiocavernosus 

Diaphragma  urogenitale 

Fascia  diaphragmatis   urogeni- 
talis  superior 

Fascia   diaphragmatis   urogeni- 
talis  inferior 

Transversus  perinaei  pro- 
fundus 

Sphincter  urethrae   mem- 
bran  aceae 

Levator  scapulae 

Fascia  pcctoralis 


OLD  TERMINOLOaT 

Sc£denus  anticus 

Scalenus  posticus 

Lumbar  aponeurosis  and  ver- 
tebral fascia 

Splenius  colli 

Erector  spins 

IliQcostaUs 
Sacrolumbalis 
Musculus  accessorius 
Cervicalis  ascendens 

Longissimus  dorsi 
dorsi 
Transversalis  cervicis 
Trachelomastoideus 

Spinalis  dorsi 
"       colli  ,  , 

Bi venter  cervicis 

Semispinalis  dorsi 
^'  coUi 

Complexus 

Multifidus  spinae 

Rotatores  spinae 

Intertransversales 

Rectus  capitis  posticus  major 

Rectus  capitis  posticus  minor 

Obliquus  inferior 

Obliquus  superior 

Intercostal 

External  intercostal 

Internal  intercostal 

Infracostales 

Triangularis  stemi 

Serratus  i>08ticus  superior 

Serratus  posticus  inferior 

Diaphragm 

j  Crura     and     origins     from 
[     arcuate    ligaments 

Internal  arcuate  ligament 

External  arcuate  ligament 

External  or  descending  oblique 
External  abdominal  ring 

Internal  pillar 

External  pillar 
Interoolumnar  fibres 
Poupart's  ligament 

Gimbemat*s  ligament 

Triangular  fascia 

Internal  or  ascending  oblique 
Transversalis  abdominis 
Conjoined   tendon   of   Internal 

oblique  and  Transversalis 
Lineae  transversae 
Fold  of  Douglas 
Internal  or  deep  abdominal  ring 
Spermatic  canal 
Visceral  layer  of  pelvic  fascia 

Anal  fascia 

White  line  of  pelvic  fascia 

External  sphincter  ani 

Internal  sphincter  ani 

Transversus  perinaei 

Ejaculator  urinae  or  Sphincter 
vaginae 

Erector  penis  vel  clitoridis 

Constrictor  urethrae 

Deep  layer  of  triangular  liga- 
ment 

Superficial  layer  of  triangular 
ligament 

Constrictor  urethrae 


Levator  anguli  scapulae 
Deep  fascia  of  anterior  thoracic 
region 
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Coracoclavicular  fascia 
Serratus  anterior 
Deltoideus 
Brachial  fascia 
Biceps  brachii 

Lacertus  fibrosus 
Brachialis 
Triceps  brachii 

Medial  head 

Long  head 

Lateral  head 
Antibrachial  fascia 
Pronator  teres 

Humeral  head 

Ulnar  head 
Brachioradialis 
Extensor  carpi  radialis  longus 
Extensor  carpi  radialis  brevis 
Extensor  digiti  quinti  proprius 
Supinator 

Abductor  pollicis  longus 
Extensor  pollicis  brevis 

Extensor  pollicis  longus 

Extensor  indicis  proprius 
Transverse  carped  ligament 
Dorsal  carpal  hgament 
Mucous  sheaths 
Palmar  aponeurosis 

Superficial  transverse 
ligament 
Abductor  pollicis  brevis 
Abductor  digiti  quinti 
Flexor  digiti  quinti  brevis 
Opponens  digiti  quinti 
Interossei  dorsales 
I^terossei  volares 
Psoas  major 
Psoas  minor 
Fascia  cribrosa 
Fossa  ovalis 
.  Iliotibial  band 
Tensor  fasciae  latae 
Quadriceps  f  emoris 

Rectus  femoris 

Vastus  lateralis 

Vastus  medialis 

Vastus  intermedius 

Articularis  genu 
Biceps  femoris 
Tibialis  anterior 
Extensor  hallucis  longus 
Tendo  calcaneus 
Tibialis  posterior 
Transverse  crural  ligament 

Cruciate  crural  ligament 

Laciniate  ligament 

Superior  peronaeal  retinaculum 

Plantar  aponeurosis 
Quadratus  plantae 
Adductor  hallucis 
Abductor  digiti  quinti 
Flexor  digiti  quinti  brevis 
Interossei  dorsales 
Interossei  plantares 
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Fascia  coracoclavicularis 
Serratus  anterior 
Deltoideus 
Fascia  brachii 
Biceps  brachii 

Lactertus  fibrosus 
Brachialis 
Triceps  brachii 

Caput  mediale 

Caput  longum 

Caput  laterale 
Fascia  antibrachii 
Pronator  teres 

Caput  humerale 

Caput  ulnare 
Brachioradialis 
Extensor  carpi  radialis  longus 
Extensor  carpi  radialis  brevis 
Extensor  digiti  quinti  proprius 
Supinator 

Abductor  pollicis  longus 
Extensor  pollicis  brevis 

Extensor  poUicis  longus 

Extensor  indicis  proprius 
Lig.  carpi  transversum 
Lig.  carpi  dorsale 
Vaginae  mucosae 
Aponeurosis  palmaris 
Fasciculi  transversi 

Abductor  pollicis  brevis 
Abductor  digiti  quinti 
Flexor  digiti  quinti  brevis 
Opponens  digiti  quinti 
Interossei  dorsales 
Interossei  volares 
Psoas  major 
Psoas  minor 
Fascia  cribrosa 
Fossa  ovalis . 
Tractus  iliotibialis 
Tensor  fasciae  latae 
Quadriceps  femoris 

Rectus  femoris 

Vastus  lateralis 

Vastus  medially 

Vastus  intermedius 

Articularis  genu 
Biceps  femoris 
Tibialis  anterior 
Extensor  hallucis  longus 
Tendo  calcaneus  [Achillis] 
Tibialis  posterior 
Lig.  transversum  cruris 

Lig.  cruciatum  cruris 

Lig.  laciniatum 

Retinaculum  mm.  peronaeorum 

superius 
Aponeurosis  plantaris 
Quadratus  plantae 
Adductor  hallucis 
Abductor  digiti  quinti 
Flexor  digiti  quinti  brevis 
Interossei  dorsales 
Interossei  plantares 
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Costocoracoid  membrane 

Serratus  magnus 

Deltoid 

Deep  fascia  of  arm 

Biceps;  Biceps  flexor  cubiti 

Bicipital  fascia 
Brachialis  anticus 
Triceps;  Triceps  extensor  cubiti 

Inner  head 

Long  head 

Outer  head 
Deep  fascia  of  forearm 
Pronator  radii  teres 

Humeral  head 

Coronoid  head 
Supinator  longus 
Extensor  carpi  radialis  longior 
Extensor  carpi  radialis  brevior 
Extensor  minimi  digiti 
Supinator  brevis 
Extensor  ossis  metacarpi  pollicis 
Extensor    primi    internodii 

pollicis 
Extensor  secundi  internodii 

pollicis 
Extensor  indicis 
Anterior  annular  ligament 
Posterior  annular  ligament 
Synovial  sheaths 
Palmar  fascia 

Superficial  transverse 
ligament 
Abductor  pollicis 
Abductor  minimi  digiti 
Flexor  brevis  minimi  digiti 
Opponens  minimi  digiti 
Dorsal  interossei 
Palmar  interossei 
Psoas  magnus 
Psoas  parvus 
Cribriform  fascia 
Saphenous  opening 
Iliotibial  band 
Tensor  fasciae  femoris 
Quadriceps  extensor 

Rectus  femoris 

Vastus  extemus 

Vastus  internus 

Crureus 

Subcrureus 
Biceps 

Tibialis  anticus 
Extensor  proprius  hallucis 
Tendo  Achillis 
Tibialis  posticus 
Upper  part  of  anterior  annular 

ligament 
Lower  part  of  anterior  annular 

ligament 
Internal  annular  ligament 
External  annular  ligament 

Plantar  fascia 
Flexor  accessorius 
Adductor  obliquus  hallucis 
Abductor  minimi  digiti 
Flexor  brevis  minimi  digiti 
Dorsal  interossei 
Plantar  interossei 


Heart 

Coronary  sulcus 

Anterior  longitudinal  sulcus 

Posterior  longitudinal  sulcus 

Atrium 
Sinus  venarum 


ANGIOLOGY. 


Cor 


Sulcus  coronarius 

Sulcus  longitudinalis  anterior 

Sulcus  longitudinalis  posterior 

Atrium 

Sinus  venarum 


Heart 

Auriculoventricular  groove 
Anterior  interventricular  groove 
Posterior  interventricular 

groove 
Auricle 
Sinus  venosus 
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Heart  (continued) 

Auricula 

Valve  of  inferior  vena  cava 

Valve  of  coronary  sinus 

Limbus  fossae  ovaiis 
Intervenous  tubercle 
Tricuspid  valve 

Anterior  cusp 

Posterior  cusp 

Medial  cusp 
Trabeculae  carneae 
Nodules  of  semilunar  valves 

Bicuspid  valve 
Aortic  sinuses 
Ventricular  septum 

Arteries 

Pulmonary  artery 
Ascending  aorta 
Right  coronary  artery 
Left  coronary  artery 
Arch  of  aorta 
Innominate  artery 
Common  carotid  artery 
External  carotid  artery 
Superior  thyroid  artery 

Hyoid  branch 

Sternocleidomastoid  branch 
Lingual  artery 

Hyoid  branch 

A.  dorsfdis  linguae 

A.  profunda  linguae 

Ebcternal  maxillary  artery 

Inferior  labial  artery 

Superior  labial  artery 
Sternocleidomastoid  artery 
Descending  branch  of  occipital 

artery 
Anterior  ts^mpanic  artery 
Accessory  meningeal  branch 
Inferior  alveolar  artery 
Buccinator  artery 
Posterior  superior  alveolar 

artery 
Caroticotympanic  branch 

Artery  of  pterygoid  canal 
Sphenopalatine  artery 
Medial  p£dpebral  arteries 
Anterior  choroidal  artery 
Dorsal  nasal  artery 
Arterial  circle  of  Willis 
Meningeal  branch  of  vertebrae 
Posterior  spinal  artery 
Anterior  spinal  artery 
Internal  auditory  artery 
Thyrocervical  trunk 
Transverse  scapular  artery 
Transverse  cervical  artery 

Ascending  branch 

Descending  branch 
Pericardiacophrenic  artery 
Costocervicai  trunk  > 

Highest  intercostal  artery  j 
Highest  thoracic  artery 
Thoracoacromial  artery 

Deltoid  branch 
Lateral  thoracic  artery 
Scapular  circumflex  artery 
Posterior  humeral  circumflex 

artery 
Anterior  humeral  circumflex 

artery 
A.  profunda  brachii 

Radial  collateral  artery 

Superior  ulnar  collateral  artery 
Inferior  ulnar  collateral  artery 

85 
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Cor  (continued) 

Auricula 

Valvula  venae   cavae  inferioris 

[Eustachii] 
Valvula  sinus  coronarii 

[Thebesii] 
Limbus  fossae  ovaiis 
Tuberculum  intervenosum 
Valvula  tricuspidalis 

Cuspus  anterior 

Cuspus  posterior 

Cuspus  medialis 
Trabeculae  cameae 
Noduli  valvularum  semi- 

lunarium  [Arantii] 
Valvula  bicuspidalis  [mitralis] 
Sinus  aortae  [Valsalvae] 
Septum  ventriculorum 


OLD   TERMINOLOGY 

Heart  (continued) 

Auricular  appendix 
Eustachian  valve 

Thebesian  valve 

Annulus  ovaiis 
Tubercle  of  Lower 
Tricuspid  valve 

Infundibular  cusp 

Marginal  cusp 

Septal  cusp 
Columnae  carneae 
Corpora  Arantii 

Mitral  valve 
Sinuses  of  V^alsalva 
Interventricular  septum 


Arteriae 


Arteries 


A.  pulmonalis 

Aorta  ascendens 

A.  coronaria  (cordis)  dextra 

A.  coronaria  (cordis)  sinistra 

Arcus  aortae 

A.  anonyma 

A.  carotis  communis 

A.  carotis  externa 

A.  thyreoidea  superior 

Ramus  hyoideus 

Ramus  sternocleidomastoideus 
A.  lingualis 

Ramus  hyoideus 

A.  dorsalis  linguae 

A.  profunda  linguae 

A.  maxillaris  externa 

A.  labialis  inferior 

A.  labialis  superior 
A.  sternomastoidea 
Ramus  descendens  a.  occipitalis 

A.  tympanica  anterior 

Ramus  meningeus  accessorius 

A.  alveolaris  inferior 

A.  buccinatoria 

A.  alveolaris  superior  posterior 

Ramus  caroticotympanicus 

A.  canalis  pterygoidei  [Vidii] 

A.  sphenopalatina 

Aa.  palpebrales  mediales 

A.  chonoidea 

A.  dorsalis  nasi 

Circulus  arteriosus  [Willisil 

Ramus  meningeus 

A.  spinalis  posterior 

A.  spinalis  anterior 

A.  auditiva  interna 

Truncus  thyreocervicalis 

A.  transversa  scapulae 

A.  transversa  coUi 

Ramus  ascendens 

Ramus  descendens 
A.  pericardiacophrenica 
Truncus  costocer\dcalis  i 
A.  intercostalis  suprema/ 
A.  thoracalis  suprema 
A.  thoracoacromialis 

Ramus  deltoideus 
A.  thoracalis  lateralis 
A.  Qircumflexa  scapulae 
A.  circumflexa  humeri  posterior 


Pulmonary  artery 

Ascending  aorta 

Right  coronary  artery 

Left  coronary  artery 

Transverse  aorta 

Brachiocephalic  artery 

Common  carotid  artery 

External  carotid  artery 

Superior  thyroid  artery 
Infrahyoid  branch 
Sterhomastoid  branch 

Lingual  artery 

Suprahyoid  branch 
Rami  dorsalis  linguae 
Ranine  artery;  deep  lingual 
artery 

Facial  artery 

Inferior  coronary  artery 
Superior  coronary  artery 

Sternomastoid  artery 

Arteria  princeps  cervicis 

Tympanic  artery 

Small  meningeal  artery 

Inferior  dental  artery 

Buccal  artery 

Alveolar     or    posterior    dental 

artery ' 
Tympanic    branch    of   internal 

carotid  artery 
Vidian  artery 
Nasopalatine  artery 
Intern£d  palpebral  arteries 
Choroid  artery 
Nasal  artery 
Circle  of  Willis 
Posterior  meningeal  branch 
Dorsal  spinal  artery 
Ventral  spinal  artery 
Auditory  artery 
Thyroid  axis 
Suprascapular  artery 
Transversalis  colli  artery 

Superficial  cervical  artery 

Posterior  scapular  artery 
A.  comes  nervi  phrenic! 

Superior  intercostal  artery 

Superior  thoracic  artery 
Acromiothoracic  artery ;  thoracic 
axis 
Humeral  branch 
Long  thoracic  artery 
Dorsalis  scapulae  artery 
Posterior  circumflex  artery 


A.  circumflexa  humeri  anterior      Anterior  circumflex  artery 


A.  profunda  brachii 
A.  coUateralis  radialis 

A.  coUateralis  ulnaris  superior 
A.  coUateralis  ulnaris  inferior 


Superior  profunda  artery 

Ant.  branch  of  sup.  profunda 

artery 
Inferior  profunda  artery 
Anastomotica  magna  artery 
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Arteries  icontiniied) 

Volar  carpal  branch 
Superficial  volar  branch 
Dorsal  carpal  branch 
Dorsal  metacarpal  arteries 
A.  volaris  indicis  radialis 
Deep  volar  arch 
Volar  metacarpal  arteries 
Volar  interosseous  artery 
Dorsal  interosseous  artery 
Volar  carpal  branch  of  ulnar 
Dorsal  carpal  branch  of  ulnar 
Deep  volar  branch  of  ulnar 
Superficial  volar  arch 
Common  volar  digital  arteries 
Proper  volar  digital  arteries 
CcBuac  arteiy 

Left  gastric  artery 

Bight  gastric  artery 

Lienal  artery 

Short  gastric  arteries 
Intestinal  arteries 
Middle  suprarenal  artery 
Internal  spermatic  arteries 
Hypogastric  arterj' 
Internal  pudendfd  artery 

Perineal  artery 

Posterior  scrotal  arteries 

Deep  artery  of  penis 
Inferior  gluteal  artery 
Superior  gluteal  artery 
Inferior  epigastric  artery 

External  spermatic  artery 
Femoral  canal 
Femoral  ring 
Femoral  septum 
Femoral  triangle 

Adductor  canal 

Superficial  external  pudendal 

artery 
Deep  external  pudendal  artery 
Profunda  femoris  artery 
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Arteriae  (corUinued) 

Ramus  carpeus  volaris 
Ramus  volaris  superficialis 
Ramus  carpens  dorsalis 
Aa.  metacarpeae  dors£des 
A.  volaris  indicis  radialis 
Arcus  volaris  profundus 
Aa.  metacarpeae  volares 
A.  interossea  volaris 
A.  interossea  dorsalis 
Ramus  carpeus  volaris 
Ramus  carpeus  dorsalis 
Ramus  volaris  profundus 
Arcus  volaris  superficialis 
Aa.  digitales  volares  commimes 
Aa.  digpi  tales  volares  propriae 
A.  coeliaca 

A.  gastrica  sinistra 

A.  gastrica  dextra 

A.  lienalis 

Aa.  gastricae  breves 
Aa.  intestinal es 
A.  suprarenalis  media 
A.  spermaticae  internae 
A.  hjrpogastrica 
A.  pudenda  interna 

A.  perinei 

Aa.  scrotales  posteriores 

A.  profunda  penis 
A.  glutaca  inferior 
A.  glutaca  superior 
A.  epigastrica  inferior 

A.  spcrmatica  externa 
Canalis  femoralis 
Annulus  femoralis 
Septum  femorale  [Cloqueti] 
Tngonum     femorale    [fossa 

Scarpae  major] 
Canalis  adductorius  [Hunteri] 
A.    pudenda    externa    super- 
ficialis 
A.  pudenda  externa  profunda 
A.  profunda  femoris 


Lateral  femoral  circumflex  artery    A.  circumflexa  femoris  lateralis 
Medial  femoral  circumflex  artery    A.  circumflexa  femoris  medialis 


Highest  genicular  artery 
Sural  arteries 
Superior  genicular  arteries 
Middle  genicular  artery 
Inferior  genicular  arteries 
Anterior  medial  malleolar  artery 
Anterior  lateral  malleolar  artery 
Lateral  tarsal  artery 
Arcuate  artery 
Dorsal  metatarsal  arteries 
Deep  plantar  artery 
Peroneal  artery 

Perforating  branch 

Lateral  calcaneal 


A.  genu  suprema 

Aa.  surales 

Aa.  genu  superiores 

A.  genu  media 

Aa.  genu  inferiores 

A.  malleolaris  anterior  medialis 

A.  malleolaris  anterior  lateralis 

A.  tarsea  lateralis 

A.  arcuata 

Aa.  metatarseae  dorsales 

Ramus  plautaris  profundus 

A.  peronaea 


Ramus  perforans 
Ramus  calcaneus  lateralis 
Posterior  medial  malleolar  artery    A.  malleolaris  posterior  medialis 
Medial  calcaneal  Rami  calcanei  mediales 

Medial  plantar  artery  A.  plantaris  medialis 

Lateral  plantar  artery  A.  plantaris  lateralis 

Plantar  metatarsal  arteries  Aa.  metatarseae  plantares 

Plantar  digital  arteries  Aa.  digitales  plantares 
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Arteries  (continued) 

Anterior  radial  carpal  artery 
Superficialis  volae  artery 
Posterior  radial  carpal  artery 
Dorsal  interosseous  arteries 
Radialis  indicis  artery 
Deep  palmar  arch 
Palmar  interosseous  arteries 
Anterior  interosseous  artery 
Posterior  interosseous  artery 
Anterior  ulnar  carpal  artery 
Posterior  ulnar  carpal  artery 
Profunda  branch 
Superficial  palmar  arch 
Palmar  digital  arteries 
Collateral  digital  arteries 
Coeliac  axis 

Gastric  or  coronary  artery 

Pyloric  artery 

Splenic  artery 

Vasa  brevia 
Vasa  intestini  tenuis 
Middle  capsular  artery 
Spermatic  arteries 
Internal  iliac  artery 
Internal  pudic  artery 

Superficial  perineal  artery 

Superficial  perineal  arteries 

Artery  to  corpus  cavemosum 
Sciatic  artery 
Gluteal  artery 
Deep  epigastric  arter>' 

Cremasteric  artery 
Crural  canal 
Crural  ring 
Septum  crurale 
Scarpa's  triangle 

Hunter's  canal 

Superficial  external  pudic  artery 


Deep  external  pudic  arterj' 
Deep  femoral  artery 
External  circumflex  artery 
Internal  circumflex  artery- 
Anastomotica  magna  artery 
Inferior  muscular  arteries 
Superior  articular  arteries 
Azygos  articular  artery 
Inferior  articular  arteries 
Internal  malleolar  artery 
External  malleolar  artery 
Tarsal  artery 
Metatarsal  artery 
Dorsal  interosseous  arteries 
Communicating  artery 
Peroneal  artery 

Anterior  peroneal  artery 

External  calcaneal 

Intem£d  malleolar  artery 

Internal  calcaneal 
Internal  plantar  artery 
External  plantar  artery 
Digital  branches 
Collateral  digital  branches 


Veins 

Great  cardiac  vein 
Small  cardiac  vein 
Oblique  vein  of  left  atrium 

Ligament  of  left  vena  cava 
Smallest  cardiac  veins 
Anterior  facial  vein 
Posterior  facial  vein 
Deep  cervical  vein 

Middle  cerebral  vein 
Internal  cerebral  veins 
Great  cerebral  vein 
Terminal  vein 
Superior  sagittal  sinus 


Venae 


Veins 


V.  cordis  magna 

V.  cordis  parva 

V.  obliqua  atrii  sinistri   (Mar- 

shalli] 
Lig.  venae  cavae  sinistrae 
Vv.  cordis  minimae  • 
V.  facialis  anterior  • 

V.  facialis  posterior 
V.  cervicalis  profunda 

V.  cerebri  media 

Vv.  cerebri  internae 

V.  cerebri  magna  [Galeni] 

V.  terminalis 

Sinus  sagit  talis  superior 


Left  coronary  vein 
Right  coronary  vein 
Oblique  vein  of  Marshall 

Vestigial  fold  of  Marshall 
Veins  of  Thebesius 
Facial  vein 

Temporomaxillary  vein 
Posterior  vertebral  or  posterior 

deep  cervical  vein 
Superficial  Sylvian  vein 
Veins  of  Galen 
Great  vein  of  Galen 
Vein  of  corpus  striatum 
Superior  longitudinal  sinus 
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Veins  icontinued) 


Venae  (continued) 


Veins  (continued) 


Inferior  sagittal  sinus 
Transverse  sinus 
Confluence  of  the  sinuses 
Basilar  plexus 
Ixmominate  veins 
Highest  intercostal  vein 
A^ygos  vein 
Hemiazygos  vein 
Accessory  hemiazygos  vein 
External  vertebral  venous  plexus 

Internal  vertebral  venous  plexus 
Great  saphenous  vein 
Small  saphenous  vein 
Inferior  epigastric  vein 
Hypogastric  vein 
Superior  gluteal  veins 
Inferior  gluteal  veins 
Pudendal  plexus 
Lienal  vein 
Coronary  vein 


Lymphatic  vessels 

Cistema  chyli 

Posterior  auricular  glands 

Anterior  auricular  glands 

Deep  facial  glands 

Hypogastric  glands 
Ii^erior  gastric  glands 

Pancreaticolienal  glands 

Sternal  glands 


Sinus  sagittalis  inferior 

Sinus  transversus 

Confluens  sinuum 

Plexus  basilaris 

Vv.  anonymae 

V.  intercostalis  suprema 

V.  azygos 

V.  hemiazygos 

V.  hemiazygos  accesoria 

Plexus    yenosi    vertebralis 

externi 
Plexus  venosi  vertebralis  interni 
V.  saphena  magna 
V.  saphena  parva 
V.  epigastrica  inferior 
V.  hypogastrica 
Vv.  glutaeae  superiores 
Vv.  glutaeae  inferiores 
Plexus  pudendalis 
V.  lienalis 
V.  coronaria  ventriculi 


Inferior  longitudinal  sinus 
Lateral  sinus 
Torcular  Herophili 
Transverse  or  basilar  sinus 
Brachiocephalic  veins 
Superior  intercostal  vein 
Vena  azygos  major 
Vena  azygos  minor  inferior 
Vena  azygos  minor  superior 
Extraspinal  veins 

Intraspinal  veins 

Internal  or  long  saphenous  vein 

External  or  short  saphenous  vein 

Deep  epigastric  vein 

Interned  Uiac  vein 

Gluteal  veins 

Sciatic  veins 

Vesicoprostatic  plexus 

Splenic  vein 

Gastric  vein 


Vasalymphatici 

Cistema  chyli 
Lymphoglandulae 

posteriores 
Lymphoglandulae 

anteriores 
Lymphoglandulae 

funda 
Lymphoglandulae 
Lymphoglandulae 

inferiores 
Lymphoglandulae 

lienaies 
Lymphoglandulae 


I^ymphatic  vessels 

Heceptaculum  chyli 
auriculares       Mastoid  glands 

auriculares       Superficial  parotid  or  preauricu- 
lar glands 
faciales  pro-       Internal  maxillary  glands 

hypogastricae    Internal  iliac  glands 
gastricae  Right  gastroepiploic  gland 

pancreatico-     Splenic  glands 

st«rnales  Internal  mammary  glands 


NEUROLOGY. 


Medulla  spinalis 

Funiculi  of  medulla  spinalis 
Coluinns  of  gray  substance 
Anterior  column 
Lateral  column 
Posterior  column 
Dorsal  nucleus 


Anterior  cerebrospinal  fasciculus 
Anterior  proper  fasciculus 

Lateral  cerebrospinal  fasciculus 
Cerebellospinal  fasciculus 
Superficial  antero-lateral  fascic- 
ulus 
Lateral  proper  fasciculus 

Fasciculus  gracilis 
Fasciculus  cuneatus 

Rhombencephalon 

Medulla  oblongata 

Anterior  median  fis.sure 

Posterior  median  fissure 

OUve 

Tubercle  of  Rolando 

Spinal  tract  of  trigeminal  nerve 

Lemniscus 

Decussation  of  lemniscus 

Cerebellospinal  fasciculus 

Medial  longitudinal  fasciculus 


Mednlla  spinalis 


Funiculi  medullae  spinalis 
Columnae  griseae 
Columna  anterior 
Columna  lateralis 
Columna  posterior 
Nucleus  dorsalis  [Stillingi, 

Clarkiil 
Fasciculus  cerebrospinalis  anterior 
Fasciculus  anterior  proprius 

[Flechsigi] 
Fasciculus  cerebrospinalis  lateralis 
Fasciculus  cerebellospinalis 
Fasciculus  anterolateralis  super- 

ficialis  [Gowersi] 
Fasciculus  lateralis  proprius 

[Flechsigil 
Fasciculus  gracilis  [GoUi] 
Fasciculus  cuneatus  [Burdachi] 


Spinal  cord 

Columns  of  spinal  cord 
Horns  of  gray  matter 
Anterior  cornu 
Lateral  cornu 
Posterior  cornu 
Clarke's  column 

Direct  pyramidal  tract 
Anterior  basis  bundle 

Crossed  pyramidal  tract 
Direct  cerebellar  tract 
Gowers'  tract. 

Lateral  basis  bundle 

Column  of  GoU 
Column  of  Burdach 


Horizontal    sulcus    [of    cerebel- 
lum] 

Quadrangular  lobule 
Folium  vermis 


Bhombeneephalon 

Medulla  oblongata 

Fissura  mediana  anterior 

Fissura  mediana  posterior 

Oliva 

Tuber  cinereum 

Tractus  spinalis  n.  trigemini 

Lemniscus 

Decussatio  lemniscorum 

Fasciculus  cerebellospinalis 

Fasciculus  longitudinalis  medi 

alis 
Sulcus  horizontalis  [cerebelli] 


Lobulus  quadrangularis 
Folium  vermis 


Hind-brain 

Spinal  bulb 

Ventral  or  ventromedian  fissure 
Dorsal  or  dorsomedian  fissure 
Olivary  body 
Tubercle  of  Rolando 
Spinal  root  of  fifth  cranial  nerve 
Fillet 

Sensory  decussation 
Direct  cerebellar  tract 
-     Posterior  longitudinal  bundle 

Great  horizontal  fissure 

Ant.  and  post,  crescentic  lobes 
Folium    caciiminis ;     cacuminal 
lobe 
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Bhombenceplialon  {cantiniud) 

Superior  semilunar  lobule 

Nodule 

Uvula 

ToDfiillffi 

Tuber  vermis 

Inferior  semilunar  lobule 

Brachla  conjunctiva 
Brachia  pontis 
Restiform  bodies 
Anterior  medullary  velum 

Posterior  medullary  velum 
Taenia  of  fourth  ventricle 
Rhomboid  fossa 
Medial  eminence 
Colliculus  facialis 
Area  acustica 
Medullary  striae 
Ala  cinerea 

MeBeneephalon 

Cerebr£d  peduncle 
Base  of  peduncle 
Substantia  nigra 
Inferior  colliculus 
Superior  colliculus 
Cerebral  aqueduct 

Prosencephalon 

l^halami 

Intermediate  mass 
Medial  geniculate  body 

Lateral  geniculate  body 

Pineal  body 

Corpus  subthalamicum 

Corpora  mamillaria 

Hypophysis 

Optic  chiasma 

Cerebral  hemisphere 

Longitudinal  fissure 
Lateral  cerebral  fissure 
Central  sulcus 
Cingulate  sulcus 
Anterior  central  gyrus 

Superior  frontal  gyrus 
Middle  frontal  gyrus 
Inferior  frontal  gyrus 
Intraparietal  sulcus 
Posterior  central  gyrus 

Inferior  parietal  lobule 

Fusiform  gyrus 

Transverse  temporal  gyri 

Insula 

Cingulate  gyrus 

Callosal  siucus 

Hippocampal  fissure 

Subcallosal  gyrus 

Supracallosal  g^'rus 

Fascia  dentata  hippocampi 

Body  of  corpus  caliosum 

Calcar  avis 

Anterior     cornu     of     lateral 
ventricle 

Posterior     cornu     of     lateral 
ventricle 

Inferioi  cornu  of  lateral  ven- 
tricle 

Hippocampus 

Caudate  nucleus 

Lentiform  nucleus 

Frontal  part  of  internal  capsule 

Occipit£d  part  of  internal  cap- 
sule 

Stria  tcrminalis 


BASLE   TERMINOLOGT 

Rhombencephalon  (continued) 

Lobulus  semilunaris  superior 

Nodulus  vermis 

Uvula  vermis 

Tonsilla  oerebelli 

Tuber  vermis 

Lobulus  semilunaris  inferior 

Brachia  conjunctiva  [cerebelli] 
Brachia  pontis 
Corpus  restiformes 
Velum  meduUare  anterius 

Velum  medullare  posterius 
Taenia  ventriculi  quarti 
Fossa  rhomboidea 
Eminentia  medialis 
Colliculus  facialis 
Area  acustica 
Striae  medullares 
Ala  cinerea 

Mesencephalon 

Pedunculus  cerebri 
Basis  pedunculi 
Substantia  nigra 
Colliculus  inferior 
Colliculus  superior 
Aquaeductus  cerebri 

Prosencephalon 

Thalami 

Massa  intermedia 

Corpus  geniculatum  mediate 

Corpus  geniculatum  laterale 

Corpus  pineale 
Corpus  subthalamicum 
Corpora  mamillaria 
Hypophysis 
Chiasma  opticum 

Hemiaphaerium 

Fissura  cerebri  longitudinalis 
Fissura  cerebri  lateralis  [Sylvii] 
Sulcus  centralis  [Rolandi] 
Sulcus  cinguli 
Gyrus  centralis  anterior 

Gyrus  frontalis  superior 
Gyrus  frontalis  medius 
Gyrus  frontalis  inferior 
Sulcus  interparietalis 
Gyrus  centralis  posterior 

Lobulus  parietalis  inferior 
Gyrus  fusiformis 
Gyri  temporales  transversi 
Insula 

Gyrus  cinguli 
Sulcus  corporis  callosi 
Fissura  hippocampi 
Gyrus  subcallosus 
Indusium  griserum 
Fascia  dentata  hippocampi 
Truncus  corporis  callosi 
Calcar  aWs 
Cornu  anterius 

Cornu  posterius 

Cornu  inferior 
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Hippocampus 

Nucleus  eaudatus 

Nucleus  lentiformis 

Pars  frontalis  capsulae  internae 

Pars  occipitalis  capsulae  internae 

Stria  terminalis 


Hind'brain  {conlinited) 

Postero-fluperior  lobule 

Nodular  lobe 

Uvular  lobe 

Amygdaline  nucleus 

Tuber  valvuhe 

Slender  and  postero-inferior 

lobules 
Superior  cerebellar  peduncles 
Middle  cerebellar  peduncles 
Inferior  cerebellar  peduncles 
Valve    of    Vieussens;    superior 

medullary  velum 
Inferior  medullary  velum 
Ligula 

Floor  of  fourth  ventricle 
Fasciculus  teres 
Eminentia  teres 
Trigonum  acusticum 
Striae  acusticae 
Trigonum  vagi 

Mid-brain 

Cms  cerebri 

Crusta  or  pes 

Intercalatum 

Inferior  quadrigeminal  body 

Superior  quadrigeminal  body 

Aqueduct  of  Sylvius 

Fore-brain 

Optic  thalamus 

Middle  commissure 

Internal  geniculate  body;  post- 

geniculatum 
External  geniculate  body;  pre- 

geniculatum 
Epiphysis 
Nucleus  of  Luys 
Corpus  albicantia 
Pituitary  body 
Optic  commissure 


Cerebral  hemisphere 

Great  longitudinal  fissure 
Fissure  of  Sylvius 
Fissure  of  Rolando 
Callosomarginal  fissure 
Ascending  frontal  convolution; 

precentral  gyre 
Suprafrontal  gyre 
Medifrontal  gyre 
Subfrontal  gyre 
Intraparietal  fissure 
Ascending  parietal  convolution; 

postcentr£d  gyre 
Subparietal  district  or  lobule 
Occipitotemporal  convolution 
Gyri  of  Heschl 
Island  of  Reil 
Callosal  convolution 
Callosal  sulcus 
Dentate  fissure 
Peduncle  of  corpus  caliosum 
Gyrus  epicallosus 
Gyrus  dentatus 
Body  of  corpus  caliosum 
Hippocampus  minor 
Anterior  horn;  precornu 

Post  cornu 

Descending  horn ;  medicornu 

Hippocampus  major 
Caudatum 
Lenticular  nucleus 
Anterior  limb  of  internal  capsule 
Posterior  limb  of  internal  cap- 
sule 
Taenia  semicircularis 
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Prosenceplialon  {continued) 
Cerebral  hemisphere 

Optio  radiation 

Column  of  fornix 

Thalamomamillary  fasciculus 

Crura  of  fornix 

Septum  pellucidum 

Cavity  of  septum  pellucidum 

Tela  chorioidea  of  third   ven- 
tricle 

Tela  chorioidea  of  fourth  ven- 
tricle 

Choroid     plexus     of     lateral 
ventricle 
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Proseneephalon  {continued) 

Hemisphaerium 

Radiatio  occipitothalamica 

Columna  fornicis 

Fasciculus  thalamomamillaris 

Crus  fornicis 

Septum  pellucidum 

Cavum  septi  pellucidi 

Tela  chorioidea  ventriculi  tertii 
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Fore-brain  {continued) 

Cerebral  hemisphere 

Optic  radiation 
Anterior  pillar  of  fornix 
Bundle  of  Vicq  d'Asyr 
Posterior  pillar  of  fornix 
Septum  lucidum 
Pseudocole;  fifth  ventricle 
Velum  interpositum 


Tela  chorioidea  ventricuU  quarti     Tela  chorioidea  inferior 

Plexus  chorioideus  ventriculus      Paraplexus 
lateralis 


Meniiifes 

Cerebral  dura  mater 
Spinal  dura  mater 
Subarachnoid  cavity 
Cistema  cerebellomedullaris 
Cistema  interpeduncularis 
Aracl^oid  granulations 
Cerebral  pia  mater 
Spinal  pia  mater 

Cerebral  nerves 

Olfactory  nerves 
Optic  nerve 
Oculomotor  nerve 
Trochlear  nerve 
Trigeminal  nerve 

Semilunar  ganglion 

Nasociliary  nerve 

Ciliary  ganglion 

Maxillary  nerve 
Middle  meningeal  nerve 
Zygomatic  nerve 
Zygomaticotemporal  branch 


Zygomaticofacial  branch 

Posterior    superior     alveolar 
branches 

Middle    superior    alveolar 
branch 

Anterior  superior  alveolar 
branch 

Inferior  palpebrEil  branches 

Superior  labial  branches 

Sphenopalatine  ganglion 

Greater    superficial    petrosal 
nerve 

Deep  petrosal  nerve 

Nerve  of  pterygoid  canal 

Orbital  branches 

Palatine  nerves 

Mandibular  nerve 

Nervus  spinosus 

Buccinator  nerve 

Inferior  alveolar  nerve 
Abducent  nerve 
Facial  nerve 

Sensory  part  of  facial  nerve 

Genicular  ganglion 

Nerve  to  Stapedius 

Zygomatic  branches 

Buccal  branches 
Acoustic  nerve 

Vestibular  root 

Cochlear  root 
Glossopharyngeal  nerve 

Superior  ganglion 

Petrous  gan^ion 

Tympanic  nerve 
Vagus  nerve 

Jugular  ganglion 
Ganglion  nodosum 

Meningeal  branch 
Auricular  branch 


Meninges 

Dura  mater  encephali 
Dura  mater  spinalis 
Cavum  subarachnoideale 
Cistema  cerebellomedullaris 
Cisterna  interpeduncularis 
Granulationes  arachnoidales 
Pia  mater  encophali 
Pia  mater  spinalis 

Neni  eerebrales 


Nn.  olfactorii 
N.  opticus 
N.  oculomo tonus 
N.  troohlearis 
N.  trigeminus 

Gan^ion  semilunare  [Gasseri] 

N;  nasociliaris 

Ganglion  ciliare 

N.  maxillaris 

N.  meningeus  medius 

N.  zygoma  ticus 

Ramus  zygomaticotemporalis 

Ramus  zygomaticofacialis 
Rami     alveolares    superiores 

posteriores 
Ramus    alveolaris    superior 

medius 
Ramus    alveolaris  superior 

anteriores 
Rami  palpebrales  inferiores 
Rami  labiales  superiores 
Ganglion  sphenopalatinum 
N.  petrosus  superficialis  major 

N.  petrous  profundus 

N.  canalis  pterygoidei  [Vidii] 

Rami  orbitales 

Nn.  palatini 

N.  mandibularis 

N.  spinosus 

N.  buccinatorius 

N.  alveolaris  inferior 
N.  abducens 
N.  facialis 

N.  intermedius 

Ganglion  geniculi 

N.  stapedius 

Rami  zygomatic! 

Rami  buccales 
N.  acus ticus 

Radix  vestibularis 

Radix  cochlearis 
N.  glossopharyngeus 

Ganglion  superius 

Ganglion  petrosum 

N.  tympanicus 
N.  vagus 

Ganglion  jugulare 
Gan^ion  nodosum 

Ramus  meningeus 
Ramus  auricularis 


Meninges 

Dura  of  brain 
Spinal  dura 
Subarachnoid  space 
Cisterna  magna 
Cistema  basalis 
Pacchionian  bodies 
Pia  of  brain 
Pia  of  cord 

Cranial  nerves 

First  nerve 
Second  nerve 
Third  nerve 
Fourth  nerve 
Fifth  nerve 

Gasserian  ganglion 

Nasal  nerve 

Ophthalmic  or  lenticular 
ganglion 

Superior  maxillary  nerve 

Meningeal  or  dural  branch 

Temporomalar  nerve 

Temporal     branch ;      orbital 
nerve 

Malar  branch 

Posterior    superior    dental 
branches 

Middle  superior  dental  branch 


Anterior    superior    dental 
branch 

Palpebr£d  branches 

Labial  branches 

Ganglion  of  Meckel 

Large   superficial    petrosal 
nerve 

Large  deep  petrosal  nerve 

Vidian  nerve 

Ascending  branches 

Descending  branches 

Inferior  maxillary  nerve 

Recurrent  or  meningeal  branch 

Long  buccal  nerve 

Inferior  dental  nerve 
Sixth  nerve 
Seventh  nerve 

Pars  intermedia  of  Wrisberg 

Geniculate  ganglion 

Tympanic  branch 

Malar  branches 

Infraorbit£d  branches 
Eighth  nerve;  auditory  nerve 

Vestibular  nerve 

Cochlear  nerve 
Ninth  nerve 

Jugular  ganglion 

Inferior  ganglion 

Nerve  of  Jacobson 
Tenth     nerve;      pneumogastric 


nerve 
Ganglion  of  root 
Ganglion   of    trunk; 

ganglion 
Dural  branch 
Nerve  of  Arnold 


inferior 
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Cerebral  nerreg  {eonlinued) 
Vagus  nerve 

Recurrent  nerve 

Superior  cardiac  branches 
Inferior  cardiac  branches 
Anterior  bronchial  branches 


BASLE    TERMINOLOOT 

Herri  cerebrales  (continued) 

N.  vagus 

N.  recurrens 

Rami  cardiaci  superiores 
Rami  cardiaci  inferiores 
Rami  bronchiales  anteriores 


Posterior  bronchial  branches  Rami  bronchiales  posteriores 


CEsophageal  plexus 
Accessory  nerve 

Cerebral  part 
Spinal  part 
Hypoglossal  nerve 

Spinal  nerreg 

Posterior  divisions 

Medial  branch 

Lateral  branch 
Greater  occipital  nerve 
Anterior  divisions 
Smtdler  occipital  nerve 

Anterior  branch 

Posterior  branch 
Cutaneous  cervical  nerve 

Supraclavicular  nerves 
Anterior  supraclavicular  nerves 
Middle  supraclavicular  nerves 
Posterior  supraclavicular  nerves 

Brachial  plexus 

Lateral  cord 

Medial  cord 

Posterior  cord 
Dorsal  scapular  nerve 

Long  thoracic  nerve 


Later£d    and    medial    anterior 

thor£U!ic  nerves 
Thoracodorsal  nerve 
Axillary  nerve 
Lateral  brachial  cutaneous  nerve 

Lateral  antibrachial   cutaneous 
nerve 

Volar  branch 

Dorsal  branch 
Medifd   antibrachial   cutaneous 
nerve 

Volar  branch 

Ulnar  branch 
Medial  brachial  cutaneous  nerve 
Volar  interosseous  nerve 
Proper  volar  digital  nerves 

Radial  nerve 

Posterior     brachial     cutaneous 

nerve 
Dorsal    antibrachial    cutaneous 

nerve 
Superficial     branch     of    radial 

nerve 
Deep  branch  of  radial  nerve  / 
Dorsal  interosseous  nerve      j 
Lumbosacral  trunk 
Iliohypogastric  nerve 

Lateral  cutaneous  branch 

Anterior  cutaneous  branch 
Genitofemoral  nerve 

External  spermatic  nerve 

Lumboinguinal  nerve 
Lateral  femoral  cutaneous  nerve 
Femoral  nerve 

Intermediate  cutaneous  nerve 
Saphenous  nerve 

Infrapatellar  branch 


r  Plexus  oesophageus  anterior 
(Plexus  oesophageus  posterior 
N.  accessorius 

Ramus  internus 
Ramus  extemus 
N.  hypoglossi 

Nenri  spinales 

Rami  posteriores 

Ramus  medialis 

Ramus  lateralis 
N.  occipitalis  major 
Rami  anteriores 
N.  occiplt£dis  minor 

Ramus  anterior 

Ramus  posterior 
N.  cutaneus  colli 
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Craniil  nerres  (continued) 

Tenth     nerve;     pneumogastric 
nerve 
Inferior  or  recurrent  laryngeal 

nerve 
Cervical  cardiac  branches 
Thoracic  cardiac  branches 
Anterior  or  ventral  pulmonary 

branches 
Posterior  or  dorsal  pulmonar>' 

branches 


} 


Plexus  guise 

Eleventh  nerve;  spinal  accessory 
nerve 

Accessory  portion 

Spinal  portion 
Twelfth  nerve 


Spinal  nerves 

Posterior  di\dsions 

Internal  branch 

External  branch         ^ 
Great  occipital  nerve 
Anterior  divisions 
Sm^  occipital  nerve 

Facial  branch 

Mastoid  branch 
Superficial  or  transverse  cervical 


Nn.  supraclaviculares 
Nn.  supraclaviculares  anteriores 
Nn.  supraclaviculares  medii 
Nn.    supraclaviculares    pos- 
teriores 
Plexus  brachialis 
Fasciculus  lateralis 
Fasciculus  medialis 
Fasciculus  posterior 
N.  dorsalis  scapulae 

N.  thoracalis  longus 

Nn.  thoracales  anteriores 

N.  thoracodorsalis 

N.  axillaris 

N.  cutaneus  brachii  lateralis 

N.  cutaneus  antibrachii  lateralis 

Ramus  volaris 
Ramus  dorsalis 
N.  cutaneus  antibrachii  medialis 

Ramus  volaris 

Ramus  ulnaris 
N.  cutaneus  brachii  medialis 
N.  interoBseus  volaris 
Nn.  digitales  volares  proprii 

N.  radialis 

N.  cutaneus  brachii  posterior 

N.  cutaneus  antibrachii  dorsalis 

Ramus  superficialis 

Ramus  profundus  i 
N.  interosseus  dorsalis  j 
Truncus  lumbosacralis 
N.  iliohypogastricus 

Ramus  cutaneus  lateralis 

Ramus  cutaneus  anterior 
N.  genitofemoralis 

N.  spermaticus  externus 

N.  lumboinguinalis 
N.  cutaneus  femoralis  lateralis 
N.  femoralis 

Ramus  cutaneus  anterior 
N. saphenus 

Ramus  infrapatellaris 


nerve 
Descending  branches 
Suprastern£d  nerves 
Supraclavicular  nerves 
Supra-acromial  nerves 

Brachial  plexus 

Outer  cord 

Inner  cord 

Posterior  cord 
Nerve  to  Rhomboidei;  posterior 

scapular  nerve 
External    respiratory  nerve   of 

Bell 
Internal  and  external  anterior 

thoracic  nerves 
Long  subscapular  nerve 
Circumflex  nerve 
Cutaneous  branch  of  circumflex 

nerve 
Cutaneous  branch  of.  musculo- 
cutaneous nerve 

Anterior  branch 

Posterior  branch 
Internal  cutaneous  nerve 

Anterior  branch 

Posterior  branch 
Lesser  internal  cutaneous  nerve 
Anterior  interosseous  nerve 
Collateral    branches   of   digital 

nerves 
Musculospiral  nerve 
Internal    cutaneous    branch    of 

musculospiral  nerve 
External  cutaneous  branches  of 

musculospiral  nerve 
Radial  nerve 


Posterior  interosseous  nerve 

Lumbosacral  cord 
Iliohypogastric  nerve 

Iliac  branch 

Hypogastric  branch 
Genitocrural  nerve 

Genital  branch 

Femoral  or  crural  branch 
External  cutaneous  nerve 
Anterior  crural  nerve 
Middle  cutaneous  nerve 
Long  or  internal  saphenous  nerve 

Patellar  branch 
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Spinal  nerves  (continued) 


BASLE    TERMINOLOGY 

Nem  spinales  (conlinued) 


Posterior     femoral     cutaneous     N.  cutaneus  femoralis  posterior 


nerve 

Sciatic  nerve 

Tibial  nerve 

Medial  sural  cutaneous  nerve 

Sural  nerve 

Medial  plantar  nerve 

Lateral  plantar  nerve 

Common  peroneal  nerve 

Lateral  sural  cutaneous  nerve 
Peroneal  anastomotic  branch 

Deep  jperoneal  nerve 
Superficial  peroneal  nerve 
Medial  dorsal  cutaneous  nerve 

Intermediate  dorsal  cutaneous 

nerve 
Pudendal  nerve 

Posterior  scrotal  nerves 


Sympathetic  system 

Sympathetic  trunks 
Internal  carotid  plexus 
Ansa  subdavia  [Vieussenii] 
Middle  cardiac  nerve 
Greater  splanchnic  nerve 
Lowest  splanchnic  nerve 
Cardiac  plexus 

Posterior  coronary  plexus 
Anterior  coronary  plexus 
Coeliac  plexus   * 
Coeliac  ganglia 
Superior  gastric  plexus 
Abdominal  aortic  plexus 
Lesser  cavernous  nerves 
Greater  cavernous  nerve 


N.  ischiadicus 

N.  tibialis 

N.  cutaneus  surae  medialis 

N.  suralis 

N.  plantaris  medialis 

N.  plantaris  lateralis 

N.  peronaeus  communis 
N.  cutaneus  surae  later£dis 
Ramus  anastomoticus  per- 
onaeus 

N.  peronaeus  profundus 

N.  peronaeus  superficialis 

N.  cutaneus  dorsalis  medialis 

N.    cutaneus    dorsalis    inter- 

medius 
N.  pudendus 

Nn.  scro tales  posteriores 

Systema   nerromm   sympathi- 
com 

Truncus  sympathicus 
Plexus  caroticus  intermis 
Ansa  subclavia  [Vieussenii] 
N.  cardiacus  medius 
N.  splanchnicus  major 
N.  splanchnicus  imus 
Plexus  cardiacus 

Plexus  coronarius  posterior 
Plexus  coronarius  anterior 
Plexus  coeliacus 
Ganglia  coeliaca 
Plexus  gastricus  superior 
Plexus  aorticus  abdominis 
Nn.  cavernosi  penis  minores 
N.  cavernosus  penis  major 
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Spinal  nerves  (continued) 
Small  sciatic  nerve 

Great  sciatic  nerve 
Internal  popliteal  nerve 
Nervus  communicans  tibialis 
Short  saphenous  nerve 
Internal  plantar  nerve 
External  plantar  nerve 
External  popliteal  nerve 
Lateral  cutaneous  branch 
Nervus  communicans  fibularis 

Anterior  tibial  nerve 
Musculocutaneous  nerve 
Internal    dorsal    cutaneous 

branch 
External    dorsal    cutaneous 

branch 
Internal  pudic  nerve 

Superficial  peroneal  nerves 

Sympathetic  system 

Gangliated  cord 
Carotid  plexus 
Ansa  Vieussenii 
Great  cardiac  nerve 
Great  splanchnic  nccve 
Least  splanchnic  nerve 
Superficial  and  deep  cardiac 

plexuses 
Left  coronary  plexus 
Right  coronary  plexus 
Solar  plexus 
Semilunar  ganglia 
Gastric  or  coronary  plexus 
Aortic  plexus 
Small  cavernous  nerves 
Large  cavernous  plexus 


PERIPHERAL  ORGANS  OF  THE  SPECIAL  SENSES. 


Organ  of  Taste 

Gustatory  calyculi 

Organ  of  smeU 

External  nose 
Lateral  cartilage 
Greater  alar  cartilage 
Lesser  alar  cartilages 
Nasal  cavity 
Choanse 

Accessory  sinuses  of  nose 
Maxillary  sinus 

Organ  of  sight 

Bulb  of  eye 
Sinus  venosus  scierae 
Corneal  epithelium 
Anterior  elastic  lamina 

Posterior  elastic  lamina 

Spaces  of  the  angle  of  the  iris 
Endothelium  of  the  anterior 

chamber 
Zonula  ciliaris 
Spatia  zonularis 
Rectus  medialis 
Rectus  lateralis 
Ligament  or  tendon  of  Zinn 

Fascia  bulbi 

Lateral  p£dpebral  commissure 

Medial  palpebral  commissure 


Orffanon  gnstns 

Calyculi  gustatorii 

Organon  olf  actns 

Nasus  extemus 
Cartiiago  nasi  lateralis 
Cartilago  alaris  major 
Cartilagines  alares  minores 
Cavum  nasi 
Choanae 

Sinus  paranasales 
Sinus  maxillaris 

Organon  visus 

Bulbus  oculi 
Sinus  venosus  scierae 
Epithelium  corneae 
Lamina  elastica  anterior 

Lamina  elastica  posterior 

Spatia  anguli  iridis 

Endothelium    camerae    ante- 
rioris 

Zonula  ciliaris  [Zinni] 

Spatia  zonularis 

M.  rectus  medialis 

M.  rectus  lateralis 

Annulus  tendineus  communis 
[Zinni] 

Fascia  bulbi  [Tenoni] 

Commissura  palpebrarum  later- 
alis 

Commissura  palpebrarum 
medialis 


Organs  of  taste 
Taste-buds 

The  nose 

Outer  nose 

Upper  lateral  cartilage 
Lower  lateral  cartilage 
Sesamoid  cartilages 
Nasal  fossa 
Posterior  nares 
Accessory  sinuses  of  nose 
Antrum  of  Highmore 

The  eye 

Eyeball 

Canal  of  Schlemm 

Anterior  layer 

Anterior  limiting  layer;  Bow- 
man's membrane 

Membrane  of  Descemet;  mem- 
brane of  Demours 

Spaces  of  Fontana 

Posterior  layer;  corneal  endo- 
thelium 

Zonule  of  Zinn 

Canal  of  Petit 

Rectus  internus 

Rectus  extemus 

Ligament  or  tendon  of  Zinn 

Capsule  of  T6non 
External  canthus 

Internal  canthus 
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Organ  of  sight  (continued) 

Superior  tarsus 
Inferior  tarsus 
Orbital  septum 
Medial  palpebral  ligameDt 
Lateral  palpebral  raph6 
Tarsal  glands 
Lacrimal  ducts 
Nasolacrimal  duct 

Organ  of  hearing 

Auricula 

Fossa  triangularis 
Scapha 

Auricularis  anterior 
Auricularis  superior 
Auricularis  posterior 
External  acoustic  meatus 
Tegmental  wall 
Jugular  w£dl 
Membranous  wall 
Petrotympanic  fissure 
Labyrinthic  wall 

Fenestra  vestibuli 

Fenestra  cochleae 

Prominence  of  facial  canal 

Mastoid  wall 

Tympanic  antrum 
Pyramidal  eminence 

Carotid  wall 

Auditory  tube 

Anterior  process  {of  mfdleus] 

Lateral  process  [of  malleus] 

Short  cms  [of  incus] 

Long  cms  [of  incus] 

Lenticular  process  [of  incus] 

Recessus  sphaericus 

Recessus  ellipticus 

Lateral  semicircular  canal 

Ductus  reuniens 

Semicircular  ducts 

Ductus  cochlearis 

Vestibular  membrane 

•  Spiral  organ  of  Corti 
Vestibular  ganglion 
Spiral  ganglion  of  cochlea 

Common  integnment 
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Organon  visus  (coniinited) 

Tarsus  superior 
Tarsus  inferior 
Septum  orbitale 
Lig.  palpebrale  mediale 
Raphe  palpebralis  lateralis 
Glandulae  tarsales  [Meibomi] 
Ductus  lacrimales 
Ductus  nasolacrimalis 

Organon  auditug 

Auricula 

Fossa  triangularis 

Scapha 

M.  auricularis  anterior 

M.  auricularis  superior 

M.  auricularis  posterior 

Meatus  acusticus  extemus 

Paries  tegmentalis 

Paries  jugularis 

Paries  membranacea 

Fissura  petrotympanicus 

Paries  labyrinthica 

Fenestra  vestibuli 

Fenestra  cochleae 

Prominentia  canalis  facialis 

Paries  mastoidea 

Antrum  tympanicum 
Eminentia  pyramidalis 

Paries  carotica 

Tuba  auditiva 

Processus  anterior  [Folii] 

Processus  lateralis 

Cms  breve 

Cms  longum 

Processus  lenticularis 

Recessus  sphaericus 

Recessus  ellipticus 

Canalis  semicircularis  lateralis 

Ductus  reuniens 

Ductus  semicirculares 

Ductus  -cochlearis 

Membrana  vestibularis  [Rciss- 

neri] 
Organon  spirale  [Cortii] 
Ganglion  vestibulare 
Ganglion  spirale  cochleae 


OLD    TERMINOLOGY 

The  eye  (continued) 

Superior  tarsal  plate 
Inferior  tarsal  plate 
p£dpebral  ligaments 
Internal  tarsal  ligament 
External  tarsal  ligament 
Meibomian  glands 
Lacrimal  canals 
Nasal  duct 

The  ear 

Pinna 

Fossa  of  antihelix 
Fossa  of  helix 
Attrahens  aurem 
Attollens  aiirem 
Retrahens  aurem 
External  auditory  meatus 
Roof  of  t3rmpanic  cavity 
Floor  of  tympanic  cavity 
Outer  wall 
Glaserian  fissure 
Inner  wall 

Fenestra  ovalis 

Fenestra  rotunda 
Prominence  of  aqueduct  of 

Fallopius 
Posterior  wall 

Mastoid  antrum 

Pyramid 
Anterior  wall 
Eustachian  tube 
Processus  gracilis 
Processus  brevis 
Short  process 
Long  process 
Os  orbiculare 
Recessus  hemisphericus 
Recessus  hemiellipticus 
External  semicircular  canal 
Canalis  reuniens 
Membranous  semicircular  canals 
Membranous   cochlea  or   sc^a 

media 
Reissner's  membrane 

Organ  of  Corti 
Ganglion  of  Scarpa 
Ganglion  of  Corti 


Integnmentum  commune 


Skin 


Bespiratory  apparatus 

Laryngeal  prominence 
Corniculate  cartilages 

Cuneiform  cartilages 
Tubercle  of  epiglottis 
Hyothyroid  membrane 
Lateral  hyothjroid  ligament 
Conus  elasticus 
Middle  cricothyroid  ligament 

Ventricular  folds 
Ventricular  ligament 

Vocal  folds 
Vocal  ligament 

Ventricle  of  the  larynx 

Appendix  of  laryngeal  ventricle 

Rima  glottidis 

Intermembranous  part 
Intercartilaginous  part 

Vocalis  muscle 


SPLANCHNOLOGY. 

Apparatus  respiratorius 

Prominentia  laryngea 
Cartilagines  corniculatae   [San- 

torini] 
Cartilagines  cuneiformes 
Tuberculum  epiglotticum 
Membrana  hyothyreoidea 
Lig.  hyothyreoideum  laterale 
Conus  elasticus 
Lig.  cricothyreoideum  medium 

Plicae  ventriculares  . 
Lig.  ventriculare 

Plicae  vocales 
Lig.  vocale 

Ventriculus    laryngis     [Mor- 
gagnii] 

Appendix  ventriculi  laryngis 

Rima  glottidis 

Pars  intermembranacea 
Pars  intercartilaginea 

M.  vocalis 


Bespiratory  system 

Pomum  Adami 
Cartilages  of  Santorini 

Cartilages  of  Wrisberg 
Cushion  of  epiglottis 
Thjrrohyoid  membrane 
Lateral  thyrohyoid  ligament     * 
Cricothjrroid  membrane 
Central    part    of    cricothyroid 

membrane 
Superior  or  false  vocal  cords 
Superior   thyroarytenoid     liga- 
ment 
Inferior  or  true  vocal  cords 
Inferior    thyroar^'-tenoid      liga- 
ment 
Laryngeal  sinus 

Laiyngeal  saccule 
Rima  glottidis 

Glottis  vocalis 

Glottis  respiratoria 
Inner  portion  of  Thyroarytenoid 
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BMplratory  apparatiu  (contintted) 

Cricothyreoideus 
Cricoarytenoideus  posterior 
Cricoarytenoideus  lateralis 
Thyreoarytaenoideus 
Cupula  of  pleura 
Pulmonary  ligament 
Costal  surface 
Mediastinal  surface 

DifestiTe  apiMtfatus 

Mouth 

GloBSopalatine  arch 

Pharyngopalatine  arch 

Levator  veli  palatini 

Tensor  veli  palatini 

Musculus  uvulie 

Gloasopalatinus 

Pharyngopalatinus 

Incisor  teeth 

Premolar  teeth 

Dens  serotinus 

Deciduous  teeth 

Dentin 

Crusta  petrosa 

Root  of  tongue 

Papillae  vallatae 

Apex  of  tongue 

Inferior  surface  of  tongue 

Genioglossus 

Longitudinalis  linguae  superior 

Longitudinalis  linguae  inferior 

Transversus  linguae 

Verticfdis  linguae 

Anterior  lingual  gland 

Accessory  parotid  gland 
Parotid  duct 
Submaxillary  duct 
Smaller  sublingual  duct 
Larger  sublingual  ducts 
Na^  part  of  phar>nix 
Pharyngeal  recess 

Palatine  tonsil 
Pterygomandibular  raph6 
Constrictor  pharyngis  inferior 

Constrictor  pharyngis  medius 

Constrictor  pharj'^ngis  superior 


Peritoneum 

Omental  bursa 
Rectouterine  excavation 

Epiploic  foramen 
Lesser  omentum 

Greater  omentum 

Vesicouterine  excavation 
Gastrolienal  ligament 
Phrenicolienal  ligament 
Phrenicocolic  ligament 
Mesenteriole    of   vermiform 
process 

Digestive  tube 

Stomach 
Circular  folds 

Intestinal  glands 

Duoden£d  glands 

Solitary  lymphatic  nodules 
Aggregated  lymphatic  nodules 

Vermiform  process 
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AfiparatasreBiiiratoriiu  (coniinued) 

M.  cricothyreoideus 

M.  cricoarytenoideus  posterior 

M.  cricoarytenoideus  lateralis 

M.  thvreoarytaenoideus 

Cupula  pleurae 

Lig.  pulmonale 

Facies  costal  is 

Facies  mediastinalis 
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Bespiratory  system  (continued) 

Cricothyroid 
Posterior  cricoarytenoid 
Lateral  cricoarytenoid 
Thyroarytenoid 
Cervical  pleura 
Ligamentum  latum  pulmonis 
External  or  thoracic  surface 
Inner  surface 


Apparatos  dif  estorius 

Cavum  oris 
Arcus  glossopalatinus 
ArcuB  pharyngopalatinus 
M.  levator  veli  palatini 
M.  tensor  veli  palatini 
M.  uvulae 
M.  glossopalatinus 
M.  pharyngopalatinus 
Dentes  incisi vi 
Dentes  praemolares 
Dens  serotinus 
Dentes  decidui 
Substantia  eburnea 
Substantia  ossea 
.  Radix  linguae 
Papillae  vallatae 
Apex  linguae 
Facies  inferior  linguae 
M.  genioglossus 


Organs  of  digestion 

Oral  or  buccal  cavity 
Anterior  pillar  of  fauces 
Posterior  pillar  of  fauces 
Levator  p£dati 
Tensor  palati 
Azvgos  uvulae 
Palatoglossus 
Palatopharyngeus 
Incisive  or  cutting  teeth 
Biscupid  teeth 
Wisdom  tooth 
Temporary  or  milk-teeth 
Ivory  of  teeth 
Cement  of  teeth 
Base  of  tongue 
Circumvallate  papillse 
Tip  of  tongue 
Under  surface  of  tongue 
Geniohyo^ossus 


M.  longitudinalis  linguae  superior  Superior  hngualis 
M .  longitudinalis  linguae  inferior    Inferior  lingualis 
M.  transversus  linguae  Transverse  lingualis 

M.  verticalis  linguae  Vertical  lingualis 

Gl.  lingualis  anterior  [Blandini,     Gland  of  Nuhn 

Nuhni] 
Glandula  parotis  accessoria 
Ductus  parotideus  [Stenonis] 
Ductus  submaxillaris 
Ductus  sublingualis  major 
Ductus  sublingual  es  minores 
Pars  nasalis  pharyngis 
Recessus    pharyngeus     [Rosen-     Fossa  of  Rosenm&Uer 

muelleri] 
Tonsilla  palatina 
Raphe  pterygomandibularis 
M.    constrictor  pharyngis 

inferior 
M.    constrictor   pharyngis 

medius 
M.    constrictor   pharyngis 

superior 


Socia  parotidis 
Stensen's  duct 
Wharton's  duct 
Bartholin's  duct 
Ducts  of  Rivinus 
Nasopharynx 


Tonsil 

Pterygomandibular  ligament 

Inferior  constrictor 

Middle  constrictor 

Superior  constrictor 


Peritonaeum 

Bursa  omentalis 

Excavatio  rectouterina  [cavum 

Douglasi] 
Foramen  epiploicum  [Winslowi] 
Omentum  mmus 

Omentum  majus 

Excavatio  vesicouterina 
Lig.  gastrolienale 
Lig.  phrenicolienale 
Lig.  phrenicocolicum 
Mesenteriolum  processus  vermi- 
formis 

Tubus  digestorius 

Ventriculus 
Plicae  circulares 

Glandulae  intestinales  [Licber- 

kuhnl 
Glandulae  duodenalcs 

(Brunneri) 
Noduli  Ivmphatici  solitarii 
Noduli  lymphatici  aggregati 

[Peyeri] 
Processus  vermiformis 


Peritoneum 

Lesser  peritoneal  sac 
Pouch  of  Douglas 

Foramen  of  Winslow 

SmtUl   omentum;  gastrohepatic 

omentum 
Great     omentum ;     gastrocolic 

omentum 
Uterovesical  pouch 
Gastrosplenic  omentum 
Lienorenal  ligament 
Phreno-  or  costocolic  ligament 
Mesoappendix 


Alimentary  canal 

Stomach;  Gaster 

Valvulae  conniventes;  valves  of 

Kerkring 
Crypts  of  Liebcrklihn) 

Brunner's  glands 

Solitary  glands 

Peyer's  patches  or  glands 

Vermiform  appendix 
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TERMINOLOQT  ADOPTED  IN  TEXT 


BASLE  TERMINOLOGT 


OLD  TERMINOLOGT 


DigestiTe  apparatus  (c<mtinued)     Apparatus  digestorios  (continued)  Organs  of  digestion  (con/tnu«<2) 


Digestive  tube 

Colic  valve 
Right  colic  flexure 
Left  colic  flexure 
Descending  colon  ) 
Iliac  colon         *     ) 
Sigmoid  colon 
Transverse  rectal  folds 
Anal  canal 
Rectal  columns 
Liver 

Inferior  surface 
Left  sagittal  fossa 
Porta  hepatis 
Caudate  lobe 
Caudate  process 
Fibrous  coat 
Pancreatic  duct 
Accessory  pancreatic  duct 


Urogenital  apparatus 

Kidneys 

Urinary  bladder 

Urethral  crest 

Prostatic  utricle 

Urethral  glands 

Head  of  epididymis 

Tail  of  epicjidymis 

Sinus  of  epididymis 

Appendix  of  testis 

Appendix  of  epididymis 

Ductus  deferens 

Corpus  cavernosum  urethrae 

Prostate 

Bulbourethral  gland 

Epo5phoron 

Vesicular  ovarian  follicles 

Uterine  tube 
Internal  uterine  orifice 
External  uterine  orifice 
Pudendum 
Mons  pubis 
Labia  minora 
External  urethral  orifice 
Bulb  of  the  vestibule 
Greater  vestibular  gland 

Mammse 

Ductless  glands 

Thyroid  gland 
Thymus 
Spleen 

Suprarenal  glands 
Carotid  skeins 
Coccygeal  skein 


Tubus  digestorius 

Valvula  coli 
Flexura  colica  dextra 
Flexura  colica  sinistra 

Colon  descendens 

Colon  sigmoidcum 
Plicae  transversales  recti 
Pars  analis  recti 
Columnae  rectales  [Morgagni] 
Hepar 

Facies  inferior 
Fossa  sagittalis  sinistra 
Porta  hepatis 
Lobus  caudatus 
Processus  caudatus 
Capsula  fibros>a  [Glissoni] 
Ductus  pancreaticus  [Wirsungi] 
Ductus  pancreaticus  accessorius 
[Santorini] 


Alimeniary  cnnal 

Iliocecal  valve 

Hepatic  flexure 

Splenic  flexure 
J  Descending  colon 
(Iliac  colon 

Pelvic  colon 

Houston's  valves 

Anal  canal 

Columns  of  Morgagni 

Liver 

Visceral  surface 

Longitudinal  fissure 

Transverse  fissure  of  liver 

Spigelian  lobe 

Caudate  lobe 

Areolar  coat 

Duct  9i  Wirsung 

Duct  of  Santorini 


Apparatus  nrogenitalis 

Renes 

Vesica  urinaria 
Crista  urethralis 
Utriculus  prostaticus 
Glandulae  urethrales 
Caput  epididymis 
Cauda  epididymis 
Sinus  epididymis 
Appendix  testis  [Morgagni] 
Appendix  epididymis 
Ductus  deferens 
Corpus  cavernosum  urethrae 
Prostata 

Glandula  bulbourethralis  [Cow- 
peri] 
Epoo'phoron 

Folliculi       oophori       vesiculosi 

[Graafi] 
Tuba  uterina  [Fallopii] 
Orificium  internum  uteri 
Orificium  externum  uteri 
Pudendum  muliebre 
Mons  pubis 
Labia  minora  pudendi 
Orificium  urethrae  externum 
Bulbus  vestibuli 
Glandula  vestibularis  major 

[Bartholini] 
Mammae 


Glandula  thyreoidea 

Thymus 

Lien 

Glandulae  suprarenalis 

Glomera  carotica 

Glomus  coccygeum 


Urogenital  organs 

Kidneys 

Bladder 

Verumontanum 

Sinus  pocularis 

Glands  of  Littr^ 

Globulus  major 

Globus  minor 

Digital  fossa 

Hydatid  of  Morgagni 

Pedunculated  hydatid 

Vas  deferens;  seminal  duct 

Corpus  spongiosimi 

Prostate  gland 

Cowper's  gland 


Parovarium;   organ   of 

mUller 
Graafian  follicles 


Rosen- 


Fallopian  tube;  oviduct 

Internal  os 

External  os 

Vulva 

Mons  Veneris 

Nyrophae 

Urinary  meatus 

Vaginal  bulb 

Bartholin's  gland;    commissura 

labiorum  anterior 
Mammary  glands;  breasts 

Ductless  glands 

Thyroid  body 
Thymus  gland 
Spleen 

Adrenal  capsule 
Carotid  body  or  glands 
Coccygeal    gland     or    body; 
Luschka's  gland 


\ 


INDEX. 


Abdomen,  1140 

apertures  in  walls  of,  1147  * 
boundaries  of,  1147 
fascia  of,  498 

triangular,  502 
lymph  glands  of,  785 
muscles  of,  498 

dissection  of,  498,   503,   504, 
605 
regions  of,  1147 
surface  anatomy  of,  1301 
markings  of,  1303 
Abdominal  aorta,  686 

applied  anatomy  of,  687 
branches  of,  689.  690 
surface  markings  of,  1309 
aortic  plexus,  1004 
muscles,  498 
ring,  deep,  508 
external,  500 
inguinal,  508 
internal,  508 
wall,  lymphatic  vessels  of,  787 
Abducent  nerve,  927 

applied  anatomy  of,  929 
Abductor    digiti    quinti    muscle 
(foot),  oHS 
(hand),  554 
hallucis  muscle,  587 
indicis  muscle,  556 
mininii  digiti  muscle,  554 
poUicis  brevis  muscle,  552 
longus  muscle,  545 
muscle,  552 
Aberrant  ducts  of  testis,  1236 
Accelerator  urinae  muscle,  518 
Accessory  hemiazygos  vein,  753 
nerve,  944 

applied  anatomy  of,  945 
cerebral  part  of,  944 
spinal  part  of,  945 
obturator  nerve,  980 
olivary  nuclei,  830 
organs  of  digestive  tube,  1109 

of  eye,  1034 
pancreatic  duct,  1205 
part  of  parotid  gland,  1133 
processes,  205 
pudendal  artery,  704 
sinuses  of  nose,  1014 

applied  anatomy  of,  1015 
spleens,  1267 
thyroid  glands,  1263 
Acetabular  fossa,  339 

notch,  339 
Acetabulum,  340 
Achromatic  spindle,  36 
Acoustic   meatus,   external,   244, 
283,  1046 
development  of,  141 
internal,  241,  291 
nerve,  934,  1046 

applied  anatomy  of,  936 
development  of,  141 
nuclei  of,  836,  935 
Acromioclavicular  joint,  411 
applied  anatomy  of,  413 
movements  of,  413 


Acromioclavicular  joint,   surface 

anatomy  of,  1315,  1319 
Acromion,  306 
Acromio thoracic  artery,  670 
Adamantoblasts,  1123 
Adductor  brevis  muscle,  568 

canal,  713 

hallucis  muscle,  589 

longus  muscle,  567 

magnus  muscle,  568 

obliquus  hallucis  muscle,  589 
pollicis  muscle,  554 

pollicis  obliquus  muscle,  554 
transversus  muscle,  554 

transversus  pollicis  muscle,  554 

tubercle,  348 
Adenoid  tissue,  45 
Adipose  capsule  of  kidney,  1209 

tissue,  42 
Adminiculum  lineae  albae^  507 
Adrenal  capsule,  1270 
Adrenalin,  1272 
Afferent  nerves,  803 

vessels  of  kidney,  1214 
After-birth,  101 
Agger  nasi,  260 
Aggregated    lymphatic    nodules, 

1175 
Agminated  follicles,  1175 
Air  cells,  ethmoidal,  253,  1014 

mastoid,  240 
Air  sinuses  of  nose,  1014 

of  skull,  196 
Ala  cinerea,  848 

lobuli  centralis,  838 

nasi,  1008 

0S8.  ilii,  333 
Alae  of  ethmoid,  252 

of  sacrum,  208 

of  vomer,  269' 
Alar  cartilages  of  nose,  1009 

lamina,  119 
Alcock,  canal  of,  511 
Alimentary  canal,  1109 
Allantoic  vessels,  93 
Allantois,  93 
Alveolar  arch,  260 

arteries,  640,  641 

border  of  mandible,  272 

canals,  257 

index,  296 

n«rves,  918,  923 

point,  260,  296 

process  of  maxilla,  260 
Alveoli,  formation  of,  1124 
J  Alveus,  881,  887 
Amacrine  colls  of  retina,  1028 
Amnion,  96 
I      false,  96 
!  Amniotic  cavity,  96 

ectoderm,  95 

fold,  96 
Amphiarthroses,  381 
Ampulla  of  ductus  deferens,  1235 

rectal,  1183 

of  uterine  tube,  1247       j 

of  Vater,  1200  ' 

Ampullae  of  semicircular  canals. 
1058 

of  tubuli  lactiferi,  1259 


Amygdala,  883 
.Amygdaline  nucleus,  839 
Anal  canal  or  anal  part  of  rectum, 
1184 
development  of,  172 
lymphatic  vessels  of,  792 
membrane  of,  174 
valves  of,  1184 
fascia,  511 
Anaphase  of  karyokinesis,  36 
Anastomoses  of  arteries,  619 
around  elbow-joint,  675 

knee-joint,  721 
crucial,  717 
Anastomotic   branch   of   inferior 

gluteal  artery,  706 
Anastomotica  magna  of  brachial 
artery,  675- 
of  femoral  artery,  718 
Anatomical  neck  of  humerus,  309 
Anconaeus  muscle,  544 
,  Angiology,  595 
Angle  of  Louis,  218  riote 
iridial  or  filtration,  K)19 
of  mandible,  273 
of  pubis,  338 
of  rib,  222 
sacrovertebral,  206 
of  sternum,  218 
subscapular,  305 
Angular  artery,  635 
gyrus,  871 
movement,  383 
vein,  733 
Angulus  Ludovicl,  218 
Animal  cell,  33 
Ankle  bone,  366 
Ankle-joint,  449 

applied  anatomy  of,  452 
movements  of,  451 
relations  of  tendons  and  vessels 
to,  451 
,      surface  anatomy  of,  1326 

markings  of,  1330 
Annular  ligament,  547,  550 
of  ankle,  584,  585 
of  radius,  422 
df  wrist,  anterior,  547 
posterior,  550 
Annidus  fibromis  [of  intervertebral 
fibrocartilage],  335,  386 
inguinalis  abdominis ^  508 

subculaneiLS,  500 
ovalis.  608 

tendineus  communis,  1035 
Anococcygeal  body,  1184 
nerves,  992 
raph6,  516 
Ansa'kypoglossi,  957 
lentiformis,  882,  884 
subdavia  [Vicussenil,  998 
Anterior  annular  ligament,  547, 
584 
basis  bundle,  815 
calcaneoastragaloid     ligament. 

452 
circumflex  arterj',  672 
common  ligament,  384 
condyloid  foramen,  229 
comu  of  medulla  spinalis,  809 
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Anterior  costovertebral  ligament, 
396 
crural  nerve,  980 
inferior  ligament,  448 
intercostsd  arteries,  664 
interosseous  artery,  680 

nerve,  965 
ligament,  426 
peroneal  artery,  726 
pillar  of  fauces,  1112 
pillars  of  fornix,  886 
pulmonary  nerves,  943 
radial  carpal  artery,  678 
radioulnar  ligament,  424 
superior  dental  nerve,  919 

ligament,  398,  448 
talotibial  ligament,  450 
temporal  artery,  638 
tibial  nerve,  990 
ulnar  carpal  artery,  682 
Anteror-lateal  ganglionic  arteries' 
653 
muscles  of  abdomen,  498 
Antero-medial  ganglionic  arteries, 

662 
Antibrachial  fascia,  536 

outaneous  nerve,  dorsal,  969 
lateral,  963 
medial,  964 
Anticlinal  vertebra,  202  note 
Anticubital  fossa,  672 
AntiheUx,  1044 
Antitragicus  muscle,  1046 
Antitragus,  1044,  1145 
Antrum  cardiacum,  1145,  1161 
of  Highmore,  259,  1015 
pyloric,  1162,  1163 
tympanic,  240,  1052 
entrance  to,  1052 
Anus,  1110 

lymphatic  vessels  of,  792 
Aorta,  621 

abdominal,  686 

applied  anatomy  of,  687 
branches  of.  688 
dbdominalU^  686 
arch  of,  623 

applied  anatomy  of,  624 
branches  of,  625 
peculiarities  of,  624 
of  branches  of,  625 
CLscendena,  621 
ascending,  621 
bulb  of,  622 
coarctation  of,  624 
descending,  683 
thoracalis,  683 

rami  mediastinales,  685 
pericardiaci,  685 
thoracic,  683 

applied  anatomy  of,  683 
branches  of,  685 
transverse,  623 
Aortse,  anterior  ventral,  152 
dorsal,  154 
primitive.  144 
Aortic  arches,  152 
bodies,  133,  1274 
hiatus,  495 
isthmus,  154,  623 
lymph  glands,  787 
opening  of  heart,  612 
plexus,  1004 
semilunar  valves,  612 
septum,  150 
sinuses,  612 
spindle,  624 
vestibule,  612 
Aorticorenal  ganglion,  1003 
Apertura  pelvis  [minoris]  inferior, 
341 
superior,  340 
iympanica     canaliculi    chordae, 
1049 
Aperture,  anterior  najsal,  294 


Apertures  in  walls  of  abdomen, 

1147 
Apex  cordis,  605 
of  fibula,  359 
of  heart.  605 
linguae,  1126 
of  nose,  1008 
OSS,  sacri,  208 
prostatae,  1241 
pulmonis,  1101 
Aponeurosis,  463 
epicranial,  466 
lumbar,  486 

of  obliquus  extemus,  499 
palatine,  1112 
palmar,  550 
palmaris,  550 
pharyngeal,  1143 
plantar,  586 
plantaris,  586 
suprahyoid,  481 
Apparatus  digestorius,  1109 
lacrimalis,  1041 
respiraiorius,  1079 
urogenitalis,  1206 
Appendages  of  testis,  1231 
Appendices  epiploicae,  1157 

vesiculosae,  1247 
Appendicular  artery,  693 

skeleton,  195 
Appendix,  auricular,  left,  610 
right,  606 
ensiform,  220 
of  epididymis,  1231 
of  testis,  1231 
of  ventricle  of  larynx,  1086 
ventriculi  laryngis,  1086 
vermiform,  1178 
xiphoid,  220 
Applied    anatomy  of  abdominal 
aorta,  687 
of  abducent  nerve,  929 
of  accessory  nerve,  945 
of  acoustic  nerve,  936 
of    acromioclavicular    joint, 

413 
of  adductor  longus  muscle, 

569 
of  ankle-joint,  452 
of  anterior  facial  vein,  733 

tibial  artery,  722 
of  arch  of  aorta,  624 
of  arteries,  619 
of  ascending  pharyngeal  ar- 
tery, 638 
of    atrioventricular    bundle, 

614 
of  auditory  tube,  1056 
of  axilla,  667 
of  axillary  artery,  670 
fascia,  526 
glands.  781 
vein,  750 
of  asygos  veins,  754 
of  biceps  brachii  muscle.  535 
of  bone,  59 
of  bones  of  foot,  375 
of  forearm,  321 
of  hand,  332 
of  leg,  361 
of  pelvis,  344 
of  skull,  297 
of  brachial  artery,  673 

plexus,  970 
of  brain,  899 
of  branches  of  hypogastric  or 

internal  iliac  artery,  708 
of  bulb  of  eye,  1031 
of  carpal  bones,  332 
of  cavernous  sinus,  745 
of  cerebellum,  844 
of  cervical  fascia,  4t8 
glands,  779 
plexus,  958 
ribs,  226 


Applied  anatomy  of  clavicle,  303 
of   common   carotid    arter>', 
627 

Uiac  artery,  700 

peroneal  nerve,  993 
of  conjunctiva,  1043 
of  coronary  arteries,  623 
of  deltoid  muscle,  531 
of  descending  aorta,  683 

palatine  artery,  642 
of  dorsalis  pedis  arter>%  724 
of  elbow-joint,  421 
of  emissary  veins,  747 
of  extensor  tendons  of  fin- 
gers, 546 
of  external  acoustic  meatus, 
1048 

carotid  artery,  630 

ear.  1048 

iliac  artery,  708 

jugular  vein,  736 

maxillar>'  artery,  635 
of  eyelids,  1042 
of  facial  artery,  635 

nerve,  933 

vein,  anterior,  733 
of  fascia  of  axilla,  526 

of  psoas  and  iliacus,  562 
of  femoral  arter>',  715 
of  femur,  352 
of  fibula,  361 
of  fingers,  551 

flexor  sheaths  of,  552 
of  gall-bladder,  1116 
of  gluteal  arteries,  708 
of  gums,  1112 
of  hamstring  tendons,  575 
of  heart,  614 
of    hemorrhoidal    venous 

plexus,  761 
of  hip-joint,  437 
of  humerus,  313 
of  hyoid  bone,  277 
of  hypogastric  artery,  701 
of  hyoglossal  nerve,  947 
of  ihac  fascia,  562 
of  inferior  epigastric  artery, 
710 

vena  cava,  762 
of  inguinal  and  subinguinal 

glands,  784 
of  innominate  artery,  626 
of  intercostal  arteries,  686 

nerves,  974 
of  internal  capsule,  895 

carotid  artery,  647 

ear,  1068 

iliac  artery,  701 

jugular  vein,  737 

mammary  artery,  666 
of  intervertebral    fibrocartil- 

ages,  386 
of  intestines,  1186 
of  ischiorectal  fossa,  516 
of  kidneys,  1214 
of  knee-joint,  446 
of  labyrinth  of  ear,  1068 
of  lacrimal  apparatus,  1043 
of  laryngeal  nerves,  943 
of  larynx,  1093 
of  lineal  artery,  691 
of  lingual  artery,  6.'- 2 
of  liver,  1200 
of  lumbar  plexus,  992 
of  lungs,  1108 
of  lymphatic  system,  770 
of  mammse,  1260 
of  mediastinal  cavity,  1101 
of  medulla  oblongata,  833 

spinalis,  820 
of  meninges,  907 
of  mesenteric  arteries,  696 

lymph  glands,  789 
of  metacarpal  bones,  332 
of  metatarsal  bones,  375 
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Applied   anatomy  of  metatarso- 
phalangeal joint  of  great 

toe,  459 
of  middle  meningeal  arter>', 

640 
of  motor  and  sensory  tracts, 

899 
of  muscles,  462 

of  lower  extremity,  592 

ocular,  1038 

of  palate,  1115 

of  upper  extremity,  656 

of  vertebral  column,  492 
of  nasal  cavities,  1015 
of  nose,  1015 
of  oculomotor  nerve,  913 
of  oesophagus,  1146 
of  olfactory  nerves,  909 
of  optic  nerve,  911 
of  ovaries,  1246 
of  palate.  299,  1115 
of  palatine  tonsils,  1141 
of  palmar  aponeurosis,  551 

arches,  682 
of  pancreas,  1206 
of  parametrium,  1255 
of  parathyroid  glands.  1264 
of  patella,  355 
of  pelvis,  344 
of  penis.  1240 
of  pericardium,  603 
of  peritoneal  fossaB,  1161 
of  pharynx,  1143 
of  pigment,  46 
of  plantar  arch,  728 

calcaneonavicular         liga- 

•     ment,  456 
of  pleura,  1098 
of  pons,  836 
of  popliteal  artery,  719 

lymph  glands,  784 
of  portal  system  of  veins,  767 
of  posterior  tibial  artery,  725 
of  pronator  teres  muscle,  537 
of  prostate,  1242 
of  prostatic  venous  plexus, 

761 
of  proximal  radioulnar  artic- 
ulation, 423 
of  psoas  major  muscle,  562 
of  pulmonary  artery,  621 
of  quadriceps  femoris  muscle, 

567 
of  radial  artery,  676 

nerve,  970 
of  radius,  321 

of  recti  muscles  of  eye,  1038 
of  rectus  femoris  muscle,  567 
of  ribs,  225 
of  Sacral  plexus,  993 
of  salivary  glands,  1138 
of  saphenous  veins,  747 
of  scalp,  466 
of  scapula,  309 
of  sciatic  or  inferior  gluteal 
artery,  708 

nerve,  993 
of  scrotum,  1230 
of  serratus  anterior  muscle, 

530 
of  sheath  of  psoas  muscle, 

562 
of  shoulder-joint,  417 
of  skull,  297 
of  spermatic  veins,  762 
of  spinal  arteries,  661 
of  spleen,  1270 
of   splenic   or  lienal   artery, 

691 
of  sternoclavicular  joint,  411 
of        sternocleidomastoideus 

muscle,   479 
of  sternum,  225 
of  stomach,  1167 
of  subclavian  artery,  657 


Applied  anatomy  of  superior  thy- 
roid arter>-,  631 
vena  cava,  754 
of  suprarenal  glands,  1272 
of  sympathetic  nervous  sys- 
tem, 1005 
of  tarsal  bones,  375 

joints,  457 
of  teeth,  1125 
of  temporal  artery,  638 
of  temporomandibular  joint, 

396 
of  tendons  of  leg  and  foot, 

583 
of  testis,  1234 
of  thoracic  aorta,  683 
duct,  773 
nerves,  974 
of  thorax,  226 
of  thymus,  1266 
of  thyroid  gland,  1263 
i  of  tibia,  361 

of  tongue,  1130,  1132 

of  trachea,  1093 

of   tracheobronchial    glands, 

798 
of  triceps  brachii  muscle,  536 
of  trigeminal  nerve,  925 
of  trochlear  nerve,  914 
of  tympanic  cavity,  1056 
of  ulna,  321 
of  ulnar  artery,  680 
of  ureter,  1218 
of  urethra,  1226 
of  urinary  bladder,  1224 
of  uterus,  1254 
of  vagus  nerve,  943 
of  veins  in  front  of  elbow,  749 
of  vena  cava,  inferior,  762 
superior,  754 
mediana  cubiti,  749 
of  vertebral  column,  214 

joints.  393 
of  vesiculae  seminales,  1237 
of  volar  arches,  682 
of  wrist- joint,  426 
Aquaeductus  cerebri,  854 
cochleae,  243,  1060 
Fallopii,  242,  1058 
vestibuli,  242.  280 
Aqueduct,  cerebral,  854 
of  cochlea,  243,  1060 
of  Sylvius,  821,  854 
Aqueous  humor,  1030 
Arachnoid,  903 
granulations,  905 
structure  of,  906 
villi,  905 
Arachnoidea  encepkali,  903 
i      spinalis^  903 
I  Arantii,  corpus,  610,  612 
Arbor  vitae  [of  cerebellum]t  839 
I  uterina,  1250 

Arch,  alveolar,  260 
of  aorta,  623 

applied  anatomy  of,  624 
branches  of,  625 
peculiarities  of,  625 
of  atlas,  anterior,  199 
axillary,  524 
carotid,  153 
crural,  deep,  509 
glossopalatine,  1112 
lumbocostal,  495 
palmar,  deep,  679 
superficial,  682 
phar>'ngopalatine,  1112 
plantar,  727 
pubic,  341 
of  a  vertebra,  197 
volar,  deep,  679 

superficial,  682 
zygomatic,  282 
Arches,  aortic,  144,  153 
branchial  or  visceral,  108 


Arches  of  fauces,  1112 
of  foot,  459 
of  soft  palate,  1112 
superciliary,  234,  278,  282 
Arcuate  artery,  724 
fibres,  831,  832 
ligaments,  495 
line  of  ilium,  335 
nucleus,  831 
Arcus  aortae,  623 

cariilaginia  cricoideae,  1081 
glomnopalatinUfS,  1112 
lumbocoatalis  latercdis  [HcUleri], 
495 
medialis  [Halleril^  495 
parxetooccipitcUia,  871 
pharynoopaiatinus,  1112 
volaria  profundus,  679 
auperficialis,  682 
Area  acuatica,  848,  935 
cribroaa  media,  241 

superior,  242 
facialis,  242 
olfactory.  111 
oval,  of  Flechsig,  818 
parolfactoria,  875 
pericardial,  87 
postrema,  848 
proamniotic,  87 
Areas  of  cerebral  cortex,  894 
of  Cohnheim,  66 
vascular,  141 
Areola  of  mamma,  1258 
Areolae  of  bone,  57,  58 
Areolar  glands,  1258 

tissue,  40 
Arm  bone,  309 
fascia  of,  534 
muscles  of,  533 
dissection  of.  533 
Arnold's  nerve,  941 
Arrectores  pilorum  muscle,  1077 
Arieria  alveolaria  inferior,  640 
superior  posterior,  641 
angularis,  635 
anonyma,  625 
arcuata,  724 
auditiva  interna^  661 
auricularis  posterior,  636 
ramus  auricularis,  636 
occipitalis,  637 
profundus,  640 
axillaris,  668 
basilaris,  661 

rami  ad  pontem,  661 
brachialis,  672 

rami  mitsculares,  675 
buccinatoria,  641 
bulbi  urethrae,  705 
canalis  pterygoidei,  642,  648 
carotis  communis,  627 
externa,  630 
interna,  645 

ramu^  caroticotympanicus, 
648 
centralis  retinae,  650,  1029 
cerebelli  inferior  anterior,  661 
posterior,  661 
.superior,  661 
cerelrri  anterior,  651 
media,  652 
posterior,  662 
cervicalis  ascendens,  663 

profunda,  666 
chorioidea,  653 

circumflexa    femoris     lateralis, 
716 
medialis,  717 
humeri  anterior,  672 

posterior,  671 
ilium  profunda,  710 
superficialis,  716 
scapulae,  671 
coeliaca,  688 
colica  dextra,  694 
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Arteria  colica  media^  694 
sinistra  t  695 
colkUeralis  ulnaris  inferior^  675 

superior^  674 
comes  nervi  phrenici,  664 
comilans  nervi  ischiadici,  706 
communicans  anterior,  652 

posterior,  653 
coronaria  [cordis]  dextra,  622 

sinistra,  623 
cystica,  691 
dorsalis  halluds,  724 
rkwr,  650 
pedis.  724 

ray»us  plantaris  profundus, 
725 
epigastrica  inferior,  709 
super ficialis,  715 
superior,  666 
femoralis,  710 

rami  musculares,  716 
frontalis,  650 
gastrica  dextra,  689 

sinistra,  688 
gastroduodenalis,  690 
gOrStroepiploica  dextra,  690 

sinistra,  691 
(^enu  media,  720 
suprema,  718 
glutaea  inferior,  706 
ramiw  iliacus,  707 
lumbalis,  707 
superior,  707 
haemorrhoidalis  inferior,  704 
media,  701 
superior,  696 
hepatica,  689 
hypogastrica,  700 
Ueocolica,  693 
iliaca  externa,  708 
iliohimbalis,  706 
infraorbitcUis,  641 
inter ossea  communis,  680 
dorsalis.  681 
volaris,  680 
labialis  inferior,  634 

superior,  634 
lacrimalis,  649 
laryngea  inferior,  662 

«w7)mor,  631 
lienalis,  691 

rami  pancreatid,  691 
lingualis,  631 

rami  dorsales  linguae,  632 
ramVrS  hyoideus,  632 
malleolaris     anterior     lateralis, 
723 
medialis,  723 
posterior  medialis,  727 
mammaria  interna,  664 
rami  intercostales,  664 
perforantes,  666 
slemales,  664 
masseterica,  641 
maxUlaris  externa,  633 
rami  glandular es,  634 
romt^  tonsillaris,  634 
interno,  638 

rami  pterygoidei,  641 
ramus     meningeus     acces- 
sorius,  640 
mediana,  680 
meningea  anterior,  648 

7nedia,  640 
mesenterica  inferior,  694 

superior,  691 
musculophrenica,  666 
nutricia  filmlae,  726 
humeri,  672 
tibiae,  726 
obturatoria,  702 
occipitalis,  635 

rami  musculares,  636 
ramus  auricidari^,  636 
descendens,  636 


Arteria  occipitalis,  ramUrS  menirir- 
geus,  636 
ophthalmica,  648 
palaiina  ascendens,  634 

descendens,  642 
pancreatica  magna,  691 
pancreaiicoduodenalis  inferior, 
690 
superior,  690 
perforans  prima,  717 
secunda,  717 
tertia,  717 
pericardiophrenica,  664 
perinei,  705 
peronaea,  726 

ramw«  calcaneus  lateralis,  726 
commwnicarw,  726 
perforans,  726 
pharyngea  ascendens,  637 
rami  pharyngei,  637 
plantaris  lateralis,  727 

medialis,  727 
poplitea,  718 
princeps  ceroids,  636 
haUuds,  728 
poUicis,  678 
profunda  brachii,  674 
femoris.  716 
penis,  705 
pudenda  externa  profurida,  716 
superfidalis,  716 
interna,  703 
pulmonalis,  620 
ra/rius  dexter,  620 
ainisfer,  621 
radialis,  676 

rami  musculares,  678 

perforantes,  679 
ramtis  carpeu«  dorsalis,  678 
volaris,  678 
volaris  superfidalis,  678 
r€curren«  radialis,  678 
tibialis  anterior,  723 
posterior,  724 
recurrence*  ulnaris  anterior,  680 

posterior,  680 
sacralis  lateralis,  707 

media,  698 
sphenopalatina,  642 
epinaZis  anterior,  660 

posterior,  660 
stemocleidomastoidea,  636 
stylomastoidea,  636 
su&ctoT>ia,  655 
sublingualis,  632 
jm&men/aZi«,  634 
«u&8capu^ris,  671 
supraarbilcUi^,  649 
tar  sea  lateralis,  724 
temporalis  media,  638 
superfidalis,  637 

rami  auriculares  anteriores, 

638 
ramus  frontalis,  638 
parietalis,  638 
thoracalis  lateralis,  671 

suprema,  670 
thoracoacromialis,  670 
thyreoidea  ima,  626 
inferior,  662 
.  rami  oesopha^d,  663 

tracheales,  662 
superior,  631 

ramus      cricothyreoideus, 
631 
hyoideus,  631 
sternocleidomastoideus. 
631 
tibialis  anterior,  722 

ro/ni  muiscu tores,  723 
posterior,  725 

rami  calcanei  medialis,  727 
ramus  communicans,  727 
transversa  colli,  663 

ramus  ascendens,  664 


Arteria     transversa    colli,    ramus 
descendens,  664 

/aciei,  638 

scapulae^  663 
tympanica  anterior,  639 

inferior,  637 
ulnaris,  679 

rami  musculares,  682 

ramus  carpeus  dorsalis^  682 
rotoris,  682 
wtoris  prefundus,  682 
urethralis,  705 
tUerina,  701 
vaginalis,  702 
vertebralis,  659* 

rami  spinales,  660 

ramus  meningeus,  660 
vesicalis  inferior,  701 

medialis,  701 

superior,  701 
votoris  indids  radialis,  679 
-Arteriae  bronchioles,  685 
dliares,  650 
digitales  volares  communes,  682 

propria^,  682 
gastricae  breves,  691 
yenu  inferior  es,  721 

superiores,  720 
iliacae  communes,  698 
intercostales,  685 
intestinales,  692 
lumbales,  698 
metacarpeae  volares,  679 
metatarseae  plantar  es,  728 
oesophageae,  685 
oraricae,  697 
palpebrales  medicUes,  650 
phrenicae  inferiores,  697 
propriae  renales,  1213 
rectae,  1214 
renaics,  696 
sigmoideae,  695 
spermaiicae  intemae,  697 
suprarena^es  media,  696 
surales,  720 
tarseae  mediales,  724 
tunica  adventiiia,  597 

intima,  596 

media,  596 
Arterial  mesocardium,  603 
Artery    or  Arteries,    abdominal 

aorta,  686 
accessory  pudendal,  704 

meningeal,  640 
acromiothoracic.  670 
alveolar,  640,  641 
anastomoses  of,  619 
anastomotic  branch  of  inferior 

gluteal,  706 
anastomotica    magna,  of    bra- 
chial, 675 
of  femoral,  718 
angular,  635 
anterior  cerebral,  651 

choroidal.  653 

ciliary,  650 

communicating,  651 

humeral  circumflex,  672 

inferior  cerebellar,  661 

meningeal,  648 

spinal,  660 

tibial,  722 

tympanic.  639 
antero-lateral  ganglionic,  653 
antero-medial  ganglionic,  652 
aorta,  622 

abdominal,  686 

arch  of,  623 

ascending,  622 

descending.  683 

thoracic.  683 
appendicular,  693 
applied  anatomy  of,  619 
arcuate,  724 
articular,  720,  721 
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Artery  or  Arteries,  ascending  cer- 
vical, 663 

palatine,  634 

pharyngeal,  637 
auditory,  661 

internal,  661 
auricular,  anterior,  638 
deep,  640 

of  occipital,  637 

posterior,  636 
axillary,  668 
azygos,  of  knee,  720 

of  vagina,  702 
basilar,  661 
brachial,  672 
brachiocephalic,  625 
of  brain,  653 
bronchial,  685,  1108 
buccal,  641 
buccinator,  641 
bulbar,  661 
calcaneal,  726,  727 
calcanean,  726,  727 
capsular,  middle,  696 
caroticotympanic,  648 
carotid,  common,  627 

external,  630 

internal,  645 
carpal,  dorsal,  678 

radial,  678 

ulnar,  682 

volar,  678,  682 
cavernous,  648 
cecal,  of  ileocolic,  693 
central,  of  retina,  650,  1029 
cerebellar,  661 
cerebral,  anterior,  651 

middle,  652 

posterior,  662 
of  cerebral  hemorrhage,  653 
cervical,  ascending,  663 

deep,  666 

superficial,  664 

transverse,  663 
choroid,  653 
choroidal,  653,  662 
ciliary,  650 
circle  of  Willis,  653 
circumJQex,  femoral,  716,  717 

humeral,  671,  672 
coccygeal   of   inferior   gluteal, 

706 
cochlear,  1068 
cceliac,  688 
colic,  694,  695 
comitans  nervi  ischiadici,  706 

phrenici,  664 
common  carotid,  627 

iUac,  698 

interosseous,  680 
communicating,  anterior,  651 

of  dorsalis  pedis,  725 

posterior,  653 
coronary,  of  heart,  622 

of  lips,  634 

of  stomach,  688 
of  corpus  cavemosum,   penis, 

705 
costocervical  trunk,  666 
cremasteric,  709 
cricothyroid,  631 
cystic,  691 
deep  auricular,  640 

epigastric,  709 

external  pudendal,  716 

iliac  circumflex.  710 

palmar  arch,  679 

of  penis,  703 

plantar,  725 

temporal,  641 

volar  branch  of  ulnar,  682 
dental,  inferior,  640 

posterior,  641 
descending  aorta,  683 

development  of,  141,  151 


Artery    or   Arteries,    descending 
branch  of  occipital,  636 

palatine,  642 
digital,  foot,  728 

hand,  682 

volar,  682 
distribution  of,  619 
dorsal  carpal  of  radial,  678 
of  ulnar,  682 

interosseous,  681 

metacarpal,  678 

nasal,  650 

of  penis,  706 
dorsales  linguae,  632 
dorsalis  hallucis,  724 

pedis,  724 

scapulae,  671 
of  ductus  deferens,  701 
epigastric,  deep  or  inferior,  709 

superficial,  715 

superior,  666 
ethmoidal,  650 
external  carotid,  630 

iliac,  708 
I  maxillary,  633 

1  plantar,  727 

pudendal,  716 
facial.  633 
I  transverse,  638 

femoral,  710 

circumflex,  716,  717 
fibular,  723 
frontal,  650 

ganglionic,  652,  653,  662 
gastric.  688,  689,  691 
gastroduodenal,  690 
gastroepiploic,  690,  691 
genicular,  718,  720,  721 
gluteal,  706,  707 
of  head  and  neck,  626 
helicine,  1240 
hemorrhoidal,  inferior,  704 

middle,  701 

superior,  696 
hepatic,  688 
highest  genicular,  718 

intercostal,  666 

thoracic,  670 
humeral  circumflex,  671,  672 
hypogastric,  700 

obliterated,  700 
ileal,  of  ileocolic,  693 
ileocolic,  693 

iliac  circumflex,  deep,  710 
superficial,  716 

common,  698 

external,  708 

internal,  700 
iliolumbar,  706 
inferior  alveolar,  640 

articular  of  knee,  721 

cerebellar,  661 

epigastric,  709 

gluteal,  706 

hemorrhoidal,  704 

labial,  634 

laryngeal,  662 

mesenteric,  694 

pancreaticoduodenal,  692 

phrenic,  697 

profunda,  674 

thyroid,  662 

tympanic,  637 

ulnar  collateral,  675 
infrahyoid,  631 
infraorbital,  641 
infrascapular,  671 
innominate,  625 
intercostal,  685,  686 

branches   of  internal   mam- 
mary, 664 

highest,  666 

superior,  666 
interlobular,  of  kidney,  1213 
internal  auditorj',  661,  1068 


Artery  or  Arteries,  internal  caro- 
tid, 645 

iliac,  700 

mammary,  664 

maxillary,  638 

plantar,  727 

pudendal  or  pudic,  703 

spermatic,  697 
interosseous,  common,  680 

anterior,  680 

dorsal,  681 

palmar,  679  , 

posterior,  681 

volar,  680 
intestinal.  692 
labial,  634 
of  labyrinth,  1068 
lacrimal,  649 
laryngeal,  inferior,  662 

superior,  631 
lateral  calcaneal,  726 

femoral  circumflex,  716 

nasal,  635 

palpebral,  649 

sacral,  707 

tarsal,  724 
left  colic,  695 

gastric,  688 

gastroepiploic,  691 
lienal,  691 
lingual,  631 

deep,  632 
long  ciliary,  650 

thoracic,  671 
of  lower  extremity,  710 
lumbar,  698 
malleolar,  723 

internal,  727 
mammaiy,  internal,  664 
masseteric,  641 
maxillary,  external,  633 

internal,  638 
medial  palpebral,  650 
mediana,  680 
mediastinal,  from  aorta,  685 

from  internal  mammary ,^664 
medidural,  640 
medullar>^  661 
meningeal,  accessory,  640 

anterior,  648 

of  ascending  pharyngeal,  637 

middle,  640 

of  occipital,  636 

small,  640 

of  vertebral,  660 
mesenteric,  inferior,  694 

superior,  691 
metatarsal,  724 
middle  cerebral,  652 

genicular,  720 

hemorrhoidal,  701 

meningeal,  640 

sacral,  698 
mode  of  division  of,  619 

of  origin  of  branches,  619 
musculophrenic,  664 
mylohyoid.  641 
nasal,  650 

dorsal,  650 

lateral,  635 
nasopalatine,  642 
nerves  of,  598 
obturator,  702 
occipital,  635 
oesophageal  of  aorta,  685 

of  inferior  thjToid,  663 
ophthalmic,  648 
ovarian,  697 
palatine,  ascending,  634    * 

of  ascending  pharyngeal,  637 

descending,  642 
palmar  arch,  deep,  '679 

superficial,  682 
palpebral,  649.  650 

internal,  650 
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Artery  or  Arteries,  pancreatic,  of 

benal,  691 
pancreaticoduodenal,  690 
parvidural,  640 
perforating,  of  foot,  728 

of  hand,  679 

of  internal    mammary,   666 

of  thigh.  717 
pericardiac,  664,  685 
pericardiacophrenic,  664 
perineal,  705 

superficial,  705 
peroneal,  726 

anterior,  726 
pharyngeal,  ascending,  637 

of  internal  maxillary,  642 
phrenic,  inferior,  697 

superior,  686 
plantar,  727 

deep,  725 

lateral  (external),  727 

medial  (internal),  727 

metatarsal,  728 
pontine,  661 
popliteal,  718 
posterior  auricular,  636 

cerebral,  662 

communicating,  653 

humeral  circumflex,  671 

inferior  cerebellar,  661 

meningeal,    from    vertebral, 
660 

scapular,  664 

scrotal,  705 

superior  alveolar,  641 

tibial,  725 
postcro-medial  ganglionic,  653, 

662 
princeps  cervicis,  636 

poUicis,  678 
profunda,  674 

brachii,  674 

cervicalis,  666 

femoris,  716 

linguae,  632 
.  superior,  674 
of  pterygoid  canal,  642,  648 
pudendal,  external,  716 

internal,  703 

in  female,  706 

in  male,  703 
pudic,  external,  716 

internal,  703 
pulmonary,  620 
pyloric,  689 
radial,  676 

recurrent,  678 
radialis  indicis,  679 
ranine,  632 
recurrent,  of  hand,  679 

interosseous,  682 

radial.  678 

tibial,  722,  723 

ulnar,  680 
renal,  696 
right  colic,  694 

gastric,  689 

gastroepiploic,  691 
sacral,  lateral,  707 

middle.  698 
scapular  circumflex,  671 

posterior,  664 

transverse,  663 
sciatic.  706 
scrotal,  posterior,  705 
sheaths  of,  597 
short  ciliary,  650 

gastric,  691 
sigmoid,  695 
spermatic,  697 

external.  709 

internal,  697 
sphenopalatine,  642 
spinal,  660 
splenic,  691 


Artery  or  Arteries,  sternal,  660 
sternocleidomastoid,  631,  636 
stemomastoid,  631,  636 
striate,  653 
structure  of,  596 
stylomastoid,  636 
subclavian,  655 
subcostal,  686 
sublingual,  632 
submaxillary,  634 
submental,  634 
subscapular,  671 
superficial  cervical,  664 

epigastric,  715 

external  pudendal,  716 

iliac  circumflex,  716 

palmar  arch,  682 

temporal,  637 

volar,  678 
arch,  682 
superior     articular,    of    knee 
720 

cerebellar,  661 

epigastric,  666 
.  gluteal,  707 

hemorrhoidal,  696 

intercostal,  666 

labial,  634 

laryngeal,  631 

mesenteric,  691 

phrenic,  686 

profunda,  674 

thoracic,  670 

thyroid,  631 

tympanic,  640 

vdnar  collateral,  674 

vesical,  701 
superhyoid,  632 
supraorbitail,  649 
suprarenal,  696,  697.  698 
suprascapular,  663 
sural,  720 

systemic  distribution  of,  619 
tarsal.  724 
temporal,  638 

deep,  641 

middle,  638 

superficial,  637 
thoracic,  670,  671 

aorta,  683 

axis,  670 

highest,  670 

lateral,  671 

superior,  670 
thoracoacromial,  670 
thyreoidea  ima,  626 
thyrocervical  trunk,  662 
thyroid  axis,  662 

inferior,  662 

superior,  631 
tibial,  anterior,  722 

posterior,  725 

recurrent.  723 
tonsillar,  634 
transversa  colli,  663 
transverse  cervical,  663 

facial,  638 

perineal,  705 

scapular,  663 
transversalis  colli,  663 
of  trunk,  683 
tympanic,  637,  639,  640 
ulnar,  679 

recurrent,  680 
umbilical,  in  fetus,  616 
of  upper  extremity,  655 
urethral,  705 
of  urethral  bulb,  705 
uterine,  701 
vaginal,  702 
vasa  aberrantia,  673 
brevia,  691 
intestini  tenuis,  692 
vertebral,  659 
vesical,  701 


Artery    or    Arteries,    vestibular, 
1068 
Vidian,  642,  648 
volar  arch,  deep,  679 
superficial,  682 
carpal,  678 
digital,  common,  682 
interosseous,  680 
metacarpal,  679 
proper,  682 
volaris  indicis  radialis,  679 
Arterioles.  595 
Arthrodia,  382 
Articular  arteries,  720,  721 
capsules,  379 
cartilage,  48 

disk  of  acromioclavicular  joint, 
412 
of  distal  radioulnar  joint,  377 
of  sternoclavicular  joint,  410 
of  temporomandibular  joint, 
395 
end  bulbs,  1069 
lamella  of  bone,  379 
meniscus,  395 
processes  of  vertebne,  197 
tubercle  of  temporal  bone,  237, 
280 
Articidatio    acramiodaviciUaris, 
411 
cUlanloejiistrophica,  388 
calcaneocuhoideat  454 
coxaet  432 
cubiti,  418 

cuneonavicularia,  456 
eUipaoidea^  382 
genu^  438 
humeri  t  414 
mandUyularia,  393 
radiocarpea^  425 
rcuHotUnarUf  422 
distalis,  423 
proximalia,  422 
sOcroUiaca,  404 
seUaris,  382 
atemociavicularis^  409 
UUocalcanea,  452 
tcUocalcaneonaviculariSt  454 
talocruralia,  449 
tibiofibtUaris,  448 
trochoidea,  382 
Articulation  or  Articulations,  379 
acromioclavicular,  411 
amphiarthroses,  381 
of  ankle,  449 
atlantodccipital,  392 
of  atlas  ^idth  axis  or  epistro- 
pheus, 388 
with  occipital  bone,  392 
calcaneocuboid,  454 
calcaneonavicular,  455 
of    calcaneus    and    astragalus, 
452 
with  the  cuboid,  454 
carpometacarpal,  429 
of  carpus,  427 
of  cartilages  of  ribs  with  each 

other,  401 
classification  of,  380 
condyloid,  382 
costocentral,  396 
costochondral,  401 
costosternal,  399 
costotransverse,  397 
costovertebral,  396 
coxal.  432 

cuboideonavicular,  455 
cuneocuboid,  457 
cuneonavicular,  456 
diarthroses,  381 
of  digits,  431,  549 
of  elbow,  418 
gomphosis,  381 
of  hip,  432 
humeral,  414 
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Articulation  or  Articulations,  im- 
movable, 380 
inferior,  423 
intercarpal,  427 
interchondral,  401 
intercuneiform,  457 
intermetacarpal,  430 
intermetatarsal,  458 
intertarsal,  452 
of  knee,  438 
of  lower  extremity,  432 
of  mandible,  393 
metacarpophalangeal,  430 
metatarsophalangeal,  459 
movable,  381 

freely,  381 

slightly.  381 
movements  of,  383 
of    navicular    with    cuneiform 

bones,  456 
of  pelvis,  404 

with  vertebral  column,  403 
of  phalanges  of  foot,  459 

of  hand,  431 
of  pubic  bones,  406 

symphysis,  406 
radiocarpal.  425 
radioulnar,  distal.  423 

proximal,  422 
by  reciprocal  reception,  382 
sacrococcygeal  symphysis,  406 
sacroiliac,  404 
of  sacrum  and  coccyx,  406 
scapuloclavicular,  411 
schmdylesis,  381 
shoulder,  414 
8terDocla\'icular,  409 
sternocostal,  399 
of  sternum,  401 
sutura,  380,  381 
symphysis,  381 

pubis,  406 
synarthroses,  380 
synchondrosis,  381 
syndesmosis,  381 
talocalcaneal,  453 
talocalcaneonavicular,  454 
talocrural,  449 
tarsometatarsal,  457 
of  tarsus.  452 
temporomandibular,  393 
tibiofibular,  448 

syndesmosis,  448 
tibiotarsal,  449 
of  trunk,  384 
of  upper  extremity,  409 
of  vertebra!  arches,  386 

bodies.  384 

column.  384 

with  cranium.  392 
with  pelvis,  403 
of  wrist,  425 
Articulaliones  capituloruniy  396 
carpometacarpeaCf  429 

poUicis,  429 
costoiransversariae,  397 
costovertebrales,  396 
digitorum  manus,  431 

pedist  459 
inter carpeae,  427 
inter chondrales,  401 
intermetacarpeae,  430 
iniermetatareeae,  458 
inter tarseae,  452 
TnetfUaraophalangeae,  459 
088iculorum  audilus,  1054 
stemorostales,  399 
taraometatarseae^  457 
Ar^'epiglottic  fold,  1085 
Aryepiglotticus  muscle,  1089 
Arytaenoideus  muscle,  1088 
Arytenoid  cartilages,  1081 
glands,  1090 
swellings,  177 
Ascending  aorta,  621 

86 


Ascending  cervical  artery,  664 
colon,  1180 

frontal  convolution,  869 
lumbar  vein,  753 
oblique  muscle,  503 
palatine  artery,  634 
parietal  convolution,  871 
pharyngeal  artery,  637 

applied  anatomy  of,  638 
ramus  of  ischium,  337 
of  OS  pubis,  337 
Association    fibres    of    cerebral 
hemispheres,  890 
neurons,  811 
Asterion,  282,  296 
Astragalus,  366 

ossification  of,  374 
Atavistic  epiphyses,  59 
Atlantooccipital  articulation,  392 
Atlas,  199 
development  of  anterior  arch 

of,  104 
ossification  of,  210 
Atresia,  congenital,  of  pupil,  136 
Atria  of  bronchi,  1106 
Atrial  canal,  145 
Atrioventricular   bundle  of  His, 
614 
groove  of  heart,  604 
opening,  left,  611 
right,  609 
Atrium  dextrum,  606 
of  heart,  left,  610 
primitive,  145 
right,  606 
of  nasal  fossa,  1011 
sinistrum,  610 
Attic  or  epitympanic  recess,  240, 

1049 
Attolens  aurem  muscle,  1045 
Attraction  sphere,  34 
Attrahens  aurem  muscle,  1045 
Auditory  artery,  661 
internal,  661 
canal,  external,  1046 
meatus,  external,  1046 
nerve,  934 
ossicles,  1053 

development  of,  140 
pit,  138 
plate,  138 

teeth  of  Huschke,  1065 
tube,  1052 

cartilaginous  portion  of,  1052 
Isthmus  of,  1053 
osseous  portion  of,  1052 
pharyngeal  ostium  of,  1189 
tonsil  of,  1053 

torus  tubarius  or  cushion  of, 
1052,  1140 
veins,  1068 
vesicle,  138 
Auerbach's  plexus,  1 176 
Auricle,  left,  610 

right,  606 
Auricula  dcxtra^  606 
of  ear.  1044 

cartilage  of,  1044 
development  of,  141 
ligaments  of,  1044 
muscles  of,  1045 
vessels  and  nerves  of,  1046 
of  heart,  left,  610 

right,  606 
sinistra,  610 
Auricular  appendix,  left,  610 
right,  606 
artery,  anterior,  638 
deep,  640 
of  occipital,  636 
posterior,  636 
lymph  glands,  774 
nerves,  anterior,  923 
great.  956 
posterior,  933 


Auricular  nerves  of  vagus,  941 

point,  296 

surface  of  ilium,  335 
of  sacrum,  208 

tubercle  of  Darwin,  1044 

vein,  posterior,  734 
Auricularis  muscles,  1045 
Auriculotemporal  nerve,  923 
Auriculoventricular  groove,  604 
Auris  interna,  1057 
Auscultation,  triangle  of,  524 
Axes  of  pelvis,  342 
Axial  filament  of  spermatozoon, 
81 

skeleton,  195 
Axilla,  667 

applied  anatomy  of  ,667 

dissection  of,  525 

fascia  of,  526 
Axillar^*^  arch,  524 

artery,  668 

applied  anatomy  of,  669 

branches  of,  670 

surface  markings  of,  1318 

lymph  glands,  780 

nerve,  961 

sheath,  668 

vein,  750 

applied  anatomy  of,  750 
Axis,  coeliac,  688 

of  lens,  1031 

optic,  1017 

thoracic,  670 

thyroid,  662 

vertebra,  200 

ossification  of,  210 
Axis-cylinder  process,  71 
Axon  of  nerve  cells,  71 
Azygos  arteries  of  vagina,  702 

artery,  articular,  720 

uvulae  muscle,  1114 

vein,  753 

applied  anatomy  of,  754 


B 


Back,  muscles  of,  deep,  485 

dissection  of,  485 
Baillarger,  band  of,  883,  891 
Ball-and-socket  joint,  382 
Band  of  Baillarger.  883,  891 

of  Bechterew,  893 

of  Gennari,  893 

of  Giacomini,  875 

Uiotibial,  563 

moderator,  610 
Bare  area  of  liver,  1151 
Bartholin,  duct  of,  1137 

glands  of,  190,  1258 
Basal  column,  posterior,  813 
.    knobs  of  Englemann,  38 

lamina,  119 

optic  nucleus  of  Meynert,  861 

plate  of  placenta,  100 

ridge,   or   cingulum   of   tooth, 
1117 

vein,  740 
Base  of  cerebral  peduncle,  849 

of  heart,  605 

of  sacrum,  208 

of  skull,  inferior  surface,  278 
upper  suriace  of,  288 
Basement  membranes,  45 
Basichromatin,  34 
Basihyal  of  hyoid  bone,  275 
Basilar  artery,  661 

crest.  1064 

membrane,  1065 

part  of  occipital  bone,  230 

plexus,  746 

sinus,  746 
Basilic  vein,  748 
median,  747 
Basion.  281,  296 
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Basis  bundle,  anterior,  815 

Bone  or  Bones,  50 

'  Bone  or  Bones,  os  magnum,  327 

lateral,  817 

ankle,  366 

1      ossification  of,  56 

cordis,  606 

applied  anatomy  of,  59 

palate,  265 

088,  8acri,  208 

arm,  309 

palatine,  265 

pedunculi,  849 

articular  lamella  of,  379 

parietal,  231 

prostatae,  1241                               ' 

astragalus,  366 

patella,  354 

pulmonis  f  1102                               i 

atlas,  199 

1      pelvic,  340 

Basivertebral  veins.  755 

axis,  200 

perforating  fibres  of,  54 

Basket  cells  of  cerebellum,  642 

breast,  216 

1      periosteum  of,  51 

Bechterew,  band  of.  893 

calcaneus,  362 

phalanges  of  foot,  373 

nucleus  of,  836,  935 

calf,  359 

1          of  hand,  337 

Bed  of  stomach.  1 163 

canaliculi  of,  54 

'      pisiform,  326 

Bell,  nerve  of,  957.  960 

cancellous  tissue  of,  50 

pubis,  337 

Bellini,  duct  of,  1212 

capitate,  327 

,      radius,  319 

Bertin,  ligament  of,  433 

carpal,  323 

'      ribs,  220 

Betz,  giant  cells  of,  891 

cells,  55 

1      sacrum,  206 

Biceps  brachii  muscle,  534 

chemical  composition  of,  55 

scaphoid,  323,  368 

femoris  muscle,  574 

classes  of,  vis  ,  long,  flat,  mixed  |      scapula,  304 

flexor  cubiti  muscle,  534 

or  irregular,  short,  195 

1      semilunar,  323 

muscle,  534 

clavicle,  307 

1      sesamoid,  376 

Bicipital  fascia,  535 

cocyx,  209 

1      shin,  355 

groove,  311 

collar,  301 

short,  196 

ridges,  311 

compact  tissue  of,  50 

1      sphenoid,  245 

Bicuspid  teeth,  1118 

cranial,  227 

1      sphenoidal,  245 

valve,  612 

cuboid,  367 

conchs,  250 

Bigelow,  Y-shaped  ligament  of, 

cuneiform,  of  carpus,  324 

I      stapes,  1054 

433 

of  tarsus,  369 

sternum,  216 

Bile  capillaries,  1198 

diplog  of,  196 

structure-  and   physical    prop- 

ducts,  1198.  1200 

of  ear,  1053 

1          erties  of,  50 

structure  of,  1200 

of  elbow,  314 

1      surfaces  of,  196 

Bipolar  cells  of  retina,  1028 

eminences  and  depressions  of. 

Butural,  255 

Bird's  nest  of  cerebellum,  839 

196 

'      talus.  366 

Biventer  cervicis  muscle,  489 

epistropheus,  200 

!      tarsal,  362 

Biventral  lobes  of  cerebelltmi,  839 

ethmoid,  251 

temporal,  237 

Bladder,  1218 

ethmoidal,  251 

'      thigh,  345 

gall,  1199 

facial.  255 

,      tibia,  355 

urinary,  1218 

femur,  345 

trapezium,  326 

applied  anatomy  of,  1224 

fibula,  359 

I      trapezoid,  327 

in  child,  1220 

flat,  196      • 

i      triangular,  324 

development  of,  188 

of  foot,  362 

1      turbinated,  268 

dUtended.  1219 

frontal,  233 

{      ulna.  314 

empty,  1218 

hamate,  328 

j      unciform.  328 

female,  1221 

of  hand,  323 

of  upper  extremity,  301 

interior  of,  1222 

Haversian  canals  of,  53 

,          jaw,  256 

ligaments  of,  1221 

systems  of,  53 

vertebra  prominens,  201 

lymphatic  vessels  of,  793 

hip,  333 

vertebne,  cervical,  198 

structure  of,  1223 

humerus,  309 

him  bar,  204 

trigone  of,  1222 

hyoid,  275 

thoracic,  201 

vessels  and  nerves  of,  1223 

ilium,  333 

sacral  and  coccygeal,  205 

Blandin,  glands  of,  1131 

incus,  1054 

vessels  of.  52 

Blastodermic  vesicle,  85 

inferior  nasal  conchse,  268 

vomer,  269 

Blastopore,  86 

innominate,  333 

'      Wormian,  255 

Blood,  composition  of,  61 

interparietal,  231 

zygomatic.  263 

corpuscles,  61 

,      ischium,  336 

,  Bowman,  capsule  of,  1212 

development  of,  141 

lacrimal,  263 

I      glands  of,  1012 

origin  of,  192 

lesser,  263 

membrane  of,  1020 

course  of,  in  an  adult,  595 

lacunse  of,  54 

,      muscle  of,  1023 

in  fetus,  616 

lamellse  of,  54 

Brachia     conjunctiva     of     cere 

liqyor  sanguinis,  61 

Ungual,  275 

1          bellum,  841 

plasma,  61 

long,  195 

;      of  corpora  quadrigemina,  853 

platelets,  64 

of  lower  extremity,  333 

pontis,  841 

Blood  islands,  142 

jaw,  271 

Brachial  artery,  672 

Bochdalek,  cornucopia  of,  846 

1      lunate,  323 

applied  anatomy  of,  673 

Body   or   Bodies,    anococcygeal. 

,      lymphatics  of,  53 

'          branches  of,  674 

1184 

malar.  263 

peculiarities  of,  672 

aortic,  of  Zuckerkandl,  1274 

malleus,  1053 

surface  marking  of,  1321 

carotid,  1273 

mandible,  271 

cutaneous  nerve,  lateral,  962 

cavities,  development  of,  178 

marrow  of,  51 

medial,  964 

ciliary,  1023 

maxillsp,  256 

posterior,  969 

coccygeal,  1273 

1      medullary  artery  of,  52 

fascia,  534 

geniculate,  858 

1          membrane  of,  51 

'      plexus,  958 

Malpighian,  of  kidney,  1212 

metacarpal,  329 

applied  anatomy  of,  970 

of  spleen,  1268 

'      metatarsal,  371 

veins,  750 

olivary,  824 

minute  anatomy  of.  53 

1  Brachialis  anticus  muscle,  535 

of  penis,  1239 

multangular,  greater,  326 

1      muscle,  535 

perineal,  1184 

lesser,  327 

1  Brachiocephalic  artery,  625 

pituitary,  861 

nasal,  255 

1      veins.  751 

polar,  79 

!      navicular,  of  carpus,  323 

Brachioradialis  muscle,  642 

•     restiform,  841 

1          of  tarsus,  368 

Brain,  arteries  of,  653 

of  stomach,  1163 

nerves  of,  52 

commissures  of,  856 

thyroid,  1261 

number  of,  in  body,  195 

development  of,  120 

trapezoid,  885 

1      nutrient  artery  of,  52 

dissection  of,  821 

of  uterus,  1249 

occipital,  227 

divisions  of.  821 

of  a  vertebra.  197 

OS  calois,  362 

dura  of,  900 

Body-stalk,  92,  96 

coxff,  333 

meninges  of,  900 
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Brain,  pia  of,  906 

surface  markiiigs  of,  1280 

veins  of,  739 

weight  of,  894 
Branchial  arches,  108 

grooves,  108 
Breadth  index  of  skull,  296 
Breast  bone,  216 
Breasts  or  mammse,  1258 

development  of,  116 
Bregma,  238,  277,  296 
Bregmatic  fontanelle,  294 
Bridge  of  nose,  1008 
Brim  of  pelvis,  340 
Broad  ligaments  of  uterus,  1154, 

1250 
Bioca,  cap  of,  870 

gyrus  of,  870 

limbic  lobe  of,  873 

parolfactory  area  of,  874 
Bronchi,  1091 
Bronchial  arteries,  685,  1108 

nerves,  943 

veins,  754,  1108 
Bronchomediastinal  trunks,  798 
Bronchtu  dextra,  1092 

divisions  of,  1105 

eparterial,  1105 

hyparterial,  1105 

intrapulmonary,  1106 

left,  1092 

right,  1092 

sinister^  1092 
Brunner's  glands,  1175 
Bryant's  triangle.  1330 
Buccal  arteiy,  641 

branches  of  facial  ner\''e,  933 

cavity,  1110 

glands,  1111 

nerve,  long,  922 
Buccinator  artery,  641 

muscle,  470 

nerve,  922 
Bucconasal  membrane,  112 
Buccopharyngeal  fascia,  477 

membrane,  86 
Bulb  of  aorta,  622 

of  corpuscavemosum  penis,  1238 

of  eye,  1017 

olfactory,  874,  893 

of  posterior  cornu,  879 

spinal,  822 

vaginal,  1257 

of  vestibule,  1257 
Bulbar  arteries,  661 
Bulbocavemosus  muscle,  518,  520 
Bulbourethral  glands  of  Cowper, 

•190,  1243 
Bulbs  of  internal  jugular  vein,  736 
BulJbus  cordis  y  145 

ocuLi,  1017 

olfactoriiM,  874 

vestibuli,  1257 
Bulla  elhmoidalU,  294,  1011 
Bundle  of  His,  69 

oval,  119 

of  Vicq  d'Azyr,  857.  860,  886 
Burdach.  tract  of,  808,  817 
Bums'  space,  477 
Bursa,  omental,  1152,  1155 
development  of,  170 

omenlalis,  1155 

pharyngeal,  1139 

prepatellar,  566 
BurssB   beneath    glutaeus   maxi- 
mus,  570 

mucosae,  380 

near  knee-joint,  443 
shoulder- joint,  415 


Cacuminal  lobe,  838 
Calamus  scriptorius,  847,  726 


Calcaneal  arteries,  726,  727 
Calcanean  arteries,  lateral,  726 
medial,  727 

nerve,  medial,  988 

sulcus,  365 

tuberosity,  365 
Calcaneoastragaloid  articulation, 
452 

ligaments,  452,  453 
Calcaneocuboid  ligaments,  454 
Calcaneonavicular  ligaments,  455 
Calcaneotibial  ligament,  450 
Calcaneus,  362 

ossification  of,  374 
Calcar  avis,  879 

femorale,  351 
Calcarine  fissure,  869 
Calf  bone,  359 

Calices  of  kidney.  1210.  1216 
Callosal  convolution,  873 

fissure,  873.  876 
Callosomarginal  fissure,  869 
Camper,  fascia  of,  498 
Cansdiculi  of  bone,  53 

dental,  1119 
Canaliculus,    inferior    tympanic, 
243,  280 

mastoid,  243,  280 
Canalis  centralis  cochleae,  242 

craniopharyngeuSt  251 

reuniens  [of  Hensen],  1062,  1064 
Canal  or  Canals,  adductor,  713 

Alcock's,  511 

alimentaxy,  1109 

alveolar,  257 

atrial,  145 

auditory,  external,  1046 

carotid,  242.  280 

central,  of  medulla  spinalis,  810 

of  cervix  of  uterus,  1250 

condyloid,  230 

craniopharyngeal,  166,  251 

ethmoidal,  235,  253 

femoral,  712 

Haversian,  of  bone,  53 

of  Huguier.  238,  932,  1050 

Hunter's,  713 

hyaloid,  1030 

hypoglossal,  229 

incisive,  261,  278 

infraorbital,  258 

inguinal,  508 

lacrimal,  1041 

mandibiilar,  273 

neural,  88 

neurenteric,  88 

of  Nuck,  187,  1251 

of  Petit,  1030 

pharyngeal,  278 

pterygoid.  280 

pterygopalatine,  258,  267 

sacral,  208 

of  Schlemm.  1018 

semicircular,  1058 
membranous,  1062 

spermatic,  508 

spiral,  of  modiolus,  1060 

vertebral,  208 
Candles  semicirculares  ossei,  1058 
Canaliculus  innominatus  of  Ar- 
nold, 248,  note 
Canalis  adductorius,  713 

centralis  [medulla  spinalis],  810 

cervicis  uteri,  1250 

irtguinalis,  508,  1229 

sacralis,  208 

semicircularis  lateralis,  1059 
posterior  t  1059 
superior,  1059 
Cancellous  tissue  of  bone,  50 
Canine  eminence,  257 

fossa,  257 

teeth,  1117 
Caninus  muscle,  470 
Canthi  of  eyelids,  1038 


Cap  of  Broca,  870 
Capillaries,  598 
bile.  1198 
structure  of,  598 
Capitate  bone,  327 
Capitulum  fibulae,  359 
humeri,  312 
mallei,  1053 
stapedis,  1054 
Capsula    articularis.      See    Indi- 
vidual joints. 
cricoarytaenoidea,  1084 
externa,  884 
extrema,  883 
interna,  883 
lentis'  1030 
vasciUosa  lentis,  136 
Capsular  artery,  middle,  696 
Capsule,  adipose,  of  kidney,  1209 
adrenal.  1270 
of  Bowman,  1212 
of  brain,  883,  884 
of  Glisson,  1156,  1196 
of  lens,  1030 
of  T6non,  1037 
Caput  caecum  colt,  1177 
femoris,  345 
humeri,  309 
pancreatis,  1203 
tali,  367 
Cardiac  cycle,  615 

ganglion  of  Wrisberg,  1002 
glands  of  stomach,  1166 
.  muscular  tissue,  68 
nerves,  cervical,  942 
great,  997 

from  sympathetic,  997 
thoracic,  943 
from  vagus,  942 
notch,  1104 

orifice  of  stomach,  1161 
plexus  of  nerves,  1001 
veins,  730 
Cardinal  veins,  157 
Caroticoclinoid  foramen,  249,  290 

ligament,  251 
Caroticotympanic  artery,  648 

nerve,  946,  1056 
Carotid  arch,  153 
artery,  common,  627 

applied  anatomy  of,  629 
%  branches   of    (occasional) . 
629 
peculiarities  of.  628 
surface  markings  of,  1290 
external,  630 

applied  anatomy  of,  630 
branches  of,  630 
surface  markings  of,  1290 
internal,  645 

applied  anatomy  of,  647 
branches  of,  648       -  ^ 
peculiarities  of.  647  ^ 
bodies,  1273 
canal,  242,  280 
ganglion,  996 
glands,  1273 
groove,  247,  290 
nerve,  internal,  995 
nerves  from  glossopharyngeal, 

939 
plexus,  996 

internal,  996 
sheath,  477 
skeins,  134,  1273 
triangles,  643 
tubercle,  199 
Carpal  arteries  from  radial,  678 
from  ulnar,  682 
bones,  323 
net-work,  678 
Carpometacarpal   articulations, 

429 
Carpus,  323 

applied  anatomy  of.  332 
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Carpus,  articulations  of,  427 

ossification  of,  331 

surface  form  of,  1315 
Cartilage  or  Cartilages,  articular, 
48 

arytenoid,  1081 

of  auricula,  1044 

cells,  47 

cellular,  47 

corniculate,  1081 

costal,  48,  224 

cricoid,  1081 

cuneiform,  1082 

of  epiglottis,  1082 

epiphysial,  57 

ethmovomerine,  270 

histology  of,  47 

hyaline.  47 

intrathyroid,  1080 

lacunae,  47 

of  larynx,  1079 
structure  of,  1082 

lateral,  lower,  1009 
upper,  1009 

of  nose,  1008,  1009 

Meckel's,  109,  273 

parachordal,  106 

permanent.  47 

of  pinna,  1044 

of  Santorini,  1081 

of  septum  of  nose,  1009 

sesamoid,  1009 

temporary',  47 

thyroid,  1080 

trabeculae  cranii,  106 

of  trachea,  1092 

vomeronasal,  1012 

white  fibro-,  49 

of  Wrisberg,  1082 
Cartitagines  alarea  minor es,  1009 

arytaenoideae,  1081 

eomiculatae,  1081 

coatalea,  224 

cuneifomies,  1082 

laryngis,  1079 

nofu  1008 
Cartilaginous  ear  capsules,  107 

vertebral  column,  104 
Cartilago  alarU  major,  1009 
cms  laterale,  1009 
medialc,  1009 

auriculae,  1044 

cricoidea,  1081 

epigloUica,  1082 

na^i  lateralis,  1009 

septi  na8i,  1008 

thyreoidea,  1080 

triticea,  1083 
Carunculq  Inrrimalia,  1041 
Carunculae  hymeneales,  1257 
Cauda  equina,  806 

helicia,  1044 

pancreaiis,  1204 
Caudal  fold  of  embryo,  92 
Caudate  lobe  of  liver,  1 195 

nucleus,  881 

process  of  liver,  1195 
Caudatum,  881 
Cavernous  arteries,  648 

nerves  of  penis,  1005 

plexus,  996 

portion  of  urethra,  1226 

sinuses,  744 

applied  anatomy  of,  745 
nerves  in,  928 

spaces  of  penis,  1240 
Cavity  or  Cavities,  amniotic,  96 

body  or  coolom,  88 

buccal,  1110 

cotyloid,  339 

glenoid.  307 

of  lessor  pelvis,  341 

mediastinal,  1098,  1100,  1101 

of  mouth  proper,  1110 

nasal,  292,  1010 


Cavity  or  Cavities,  oral,  1110 

peritoneal.  1149 

of  septum  pellucidum,  887 

sigmoid,  of  radius,  321 
of  ulna,  313,  318 

subarachnoid,  904 

subdural,  903 
I  of  thorax,  600 
I      tympanic,  1049 

of  uterus,  1250 
Cavum  conchae,  1044 

laryngia,  1085 

Meckelii,  914 

nasi,  292,  1010 

oris,  1110 

proprium,  1110 

septi  peUucidi,  887 

subarachnoideale,  904 

tympani,  paries  carotica,  1052 
labyrinthica,  1050 
mastoidea,  1051 

tympanum,  1049 

paries  jugularis,  1049 
membranacea,  1049 
tegmentalis,  1049 

uteri,  1250 
Cecal  arteries,  693 

fossffi,  1159 
Cecum,  1177 

lymphatic  vessels  of,  792 
Cell  or  Cells,  animal,  33 

basket,  of  cerebellum,  842 

of  Betz,  891 

of  bone,  55 

centro-acinar    of    Langerhans, 
1205 

chalice,  37 

chromaffin,  1272 

clasmatocytcs,  41 

of  Claudius,  1067 

definition  of,  33 

of  Deiters,  1067 

divisions  of,  34 

of  Dogiel,  950 

enamel,  1123 

fat,  42 

germinal,  of   medulla  spinalis, 
117 

giant,  51 
of  Betz,  891 

goblet,  37 

of  Golgi,  892 

granule.  41 

gustatory,  1007 

of  Hensen,  1067 

lamellar,  41 

of  Martinotti,  892 
intermediate,  88 

Mastzellen,  41 

membrane,  34 

mesamoeboid,  142 

nerve,  70 

nucleus  of,  34 

olfactory,  1012 

pigment,  42 

plasma,  41 

prickle,  39 

of  Purkinje,  842 

reproduction  of,  34 

of  Sertoli,  1233 

of  spinal  ganglia,  803,  949 

splenic,  1267 

structure  of,  33 

wandering,  42 
Cell  mass,  inner,  84 
Cella,  877 

Cellulae  ethmoidales,  1014 
Cellular  cartilage,  47 
Cement  of  t«cth.  1121 
formation  of,  1124 
Central  artery  of  retina,  650 

canal     of      medulla     spinalis, 
810 

cells  of  fundus  glands,  1166 

fissure,  868 


Central  gray  stratum  of  cerebral 
aqueduct,  854 
ligament  of  medulla  spinalis, 

907 
lobe,  873 

nervous  system,  801 
part  of  lateral  ventricle,  877 
sulcus,  868 
tendinous  point  of  perineum, 

518 
tendon  of  diaphragma,  495 
Centres,  higher  visual,  864,  909 
lower  visual,  909 
of  ossification,  57,  864 
Centrifugal  nerve  fibres,  803 
Centriole,  34 

bodies  of  ovum,  78 

of  spermatozoon,  80,  81 
Centripetal  nerve  fibres,  803 
Centroacinar  cells  of  Langerhans, 

1205 
Centrosome,  34 
Centrosphere,  34 
Centrum  ovale  majus,  876 

minus,  876 
Cephalic     flexure,     ventral,     of 
embryonic  brain,  121 
fold  of  embryo,  92 
index,  296 
portion  of  sympathetic  system, 

995 
vein,  747 

accessory,  748 
Ceratohyal  of  hyoid  bone,  277 
Cerebellar    artery,    anterior    in- 
ferior, 661 
posterior  inferior,  661 
superior,  661 
fasciculus,  direct,  813 
notches,  837 
peduncles,  841 
tract,  direct,  816 

of  Flechsig,  816,  828 
veins,  739 
Cerebelloolivary  fasciculus,  830 
Cerebellospinal  tract  of  Lowen- 

thal,  815 
Cerebellum,  836 

applied  anatomy  of,  844 
brachia,  conjunctiva,  841 

pontist  840 
development  of,  124 
fibrae  propriae,  842 
gray  substance  of,  842 
lobes  of,  836 
nucleus  dentatus,  844 
peduncles  of,  841 
structure  of,  839 
surfaces  of,  837,  838 
vermis  of,  836 
white  substance  of,  839 
Cerebral  arteries,  anterior,  651 
middle,  652 
posterior,  662 
aqueduct,  8.54 
cortex,  nerve  cells  of,  891 
nerve  fibres  of,  892 
structure  of,  891 
types  of,  893 
dura  mater,  900 
fissure,  lateral,  867 
hemispheres,  865 
borders  of,  866,  8'67 
development  of,  128 
fibers  of,  association,  890 
commissural,  890 
projection,  890 
transverse,  890 
fissures  of,  867 
gray  substance  of,  891 
gyri  of,  869 
interior  of,  875 
lobes  of,  869 
localization  of,  894 
poles  of,  867 
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Cerebral   hemispheres,   structure 
of,  889 
sulci  of.  867 
surfaces  of,  867 
white  substance  of,  889 
peduncles,  848 

structure  of,  848 
nerves,  907 
abducent,  927 
accessory,  944 
acoustic,  934 
development  of,  131 
facial,  929 

glossopharyngeal,  937 
hypoglossal,  945 
oculomotor,  911 
olfactory,  908 
optic,  909 
trigeminal,  914 
trochlear,  913 
vagus,  940 
veins,  739 

ventricles,  845,  864,  877 
vesicles,  88,  120 
Cerebroolivary  fasciculus,  830 
Cerebrospinal  fasciculus,  815 
fibres  of  internal  capsule,  884 
fluid,  905 
Ceruminous  glands,  1047 
Cervical  artery,  ascending,  663 
deep,  666 
superficial,  664 
transverse,  663 
branch  of  facial  nerve,  933 
cardiac  nerves,  942 
enlargement         of         medulla 

spinalis,  808 
fascia.  476 

applied  anatomy  of,  478 
flexure  of  embryonic  brain,  121 
ganglion,  997, 998 
lymph  glands,  778 

applied  anatomy  of,  780 
muscles,  lateral,  475 

superficial,  dissection  of,  475 
nerve,  957 

cutaneous  or  transverse,  957 
of  facial,  933 
nerves,  951 

divisions  of,  anterior,  954 
posterior,  951 
pleura,  1095 
plexus,  954 

applied  anatomy  of,  958 
branches  of,  956, 957 
posterior,  957 
portion  of  sympathetic,  996 
rib,  201 

applied  anatomy  of,  226 
vein,  deep,  738 

posterior,  738 
vertebne,  198 
Cervicalis  ascendens  muscle,  488 
Cervix  uteri,  1249 

portio  supravaginalis,  1249 
v<ioinali8,  1250 
of  uterus,  1249 
ChaUce  cells,  37 
Chambers  of  eye,  1024 
Chassaignac's  tubercle,  199 
Check  ligaments,  393 

of  eye,  1038 
Cheeks,  1110 
Chest,  216 
Chiasma,  optic,  862,  909 

opticum,  862,  909 
Chiasmatic  groove,  246,  290  . 
ChoancB,  278.  294,  1010 
Chondrin,  50 
Chondrocranium,  106 
Chondroglossus  muscle,  1129 
Chondromucoid,  50 
Chondrosternal  ligament,  399 

intra-articular,  400 
Chondroxiphoid  ligaments,  401 


Chorda  ohliquii,  423 

tympani  nerve,  932 
Chordae  tendineae  [left  ventricle], 
612 
[right  ventricle],  610 

Willisi,  741 
Chordal  jiurrow,  91 

portion  of  base  of  skull,  106 
Chorioidea,  1021 

lamina  cfioriocapHlarU,  1022 
vasculoaat  1022 
Chorion,  99 

frondosum,  100 

laeve.  99 
Chorionic  villi,  99 
Choroid  artery,  653 

coat  of  eyeball,  1021 
structure  of,  1021 

plexuses    of    fourth    ventricle, 
846 
of  lateral  ventricle,  887 
of  third  ventricle,  864 

vein,  740 
Choroidal  artery,  anterior,  653 
posterior,  662 

fissure,  135,  888 
Chromaffin  cells,  1272 

organs,  133 
Chromatin,  34 
Chromatolysis,  72 
Chromosomes,  34 
Chyle,  768 

Chyliferous  vessels,  768 
Ci/ia,  1038 
Ciliaris  muscle,  1023 
Ciliary  arteries,  650 

body.  1023 

ganglion,  917 

glands,  1039 

muscle.  1023 

nerves,  916,  917 

processes,  1023 
Ciliated  epithelium,  37 
Cingulate  gyrus,  873 

sulcus,  869 
Cingulum  of  cerebral  hemisphere. 
890 

of  teeth,  1125 
Circle,  arterial,  of  Willis,  653" 
Circular  folds  of  small  intestine, 
1173 

sinus,  746 

sulcus,  869,  873 
Circulating  fluids,  61 

blood,  61 

l3rmph,  64 
Circulation  of  blood  in  adult,  595 

in  fetus,  616,  650 
Circulue  arteriostu  major,  1025 
minor,  1025 

major  [iris],  650,  1025 

minor  [iris],  650,  1025 

venoftus  [mamma],  1260 
Circumduction,  383 
Circumferential  fibrocartilage,  50 
Circumflex  artery,  femoral.lateral, 
716 
medial,  717 
humeral,  anterior,  672 
posterior,  671 

nerve,  961 
Circuminsular  fissure,  869 
Circum vallate  papillee,  1127 
Ciatema  basalts,  904 

chyli,  772 

cerebeUomeduUaris,  904 

chiasmatia,  904 

fossae  cerebri  lateralis,  905 

inter peduncularis,  904 

magruii  904 

pontis,  904 

vencte  magnae  cerebri,  905 
Cisternae  subarachnoid,  904 

subarachnoidales,  904 
Clarke's  column,  813 


Clasmatocytes,  41 
Claudius,  cells  of,  1067 
Claustrum,  882 
Clava,  824 
Clavicle,  301 

applied  anatomy  of,  303 

ossification  of,  303 

peculiarities  of,  in  sexes,  303 

structure  of,  303 

surface  anatomy  of,  1313 
Clavicula,  301 
Clavipectoral  fascia,  528 
Cleft  palate,  299 

Clinging  fibres  of  cerebellum,  844 
Clinoid  processes,  anterior,  249. 
290 
middle,  246,  290 
posterior,  246.  290 
Clitoris,  1267 

frenulum  of,  1257 

glans  of,  1257 

prepuce  of,  1257 
Clivus  of  sphenoid,  246 

monticuU  of  cerebellum,  838 
Cloaca,  ectodermal,  172 

entodermal.  172 

pelvic  portion  of,  188 

phallic  portion  of,  188 

vesicourethral  portion  of,  188 
Cloacal  membrane,  172 

duct,  172 

tubercle,  190 
Cloquet,  lymph  gland  of,  783 
Closing  membranes,  108 
Coarctation  of  aorta,  624 
Coccygeal  arteries,  706 

body.  1273 

comua,  209 

gland,  1273 

nerve,  division  of,  anterior,  982 
posterior,  954 

plexus,  992 

skein,  1273 
Coccygeus  muscle.  514 
Coccyx,  209 

ossification  of,  212 
Cochlea,  1059 

aqueduct  of,  243,  280,  1060 

cupula  of,  1059,  1060 

hamulus  laminas  spiralis,  1060 

helicotrema  of,  1060 

modiolus  of,  1060 

seals  of,  1060 

spiral  canal  of,  1060 
lamina  of,  osseous,  1060 
secondary,  1060 

vessels  of,  1068 
Cochlear  artery,  1068 

nerve,  935,  1068 

nuclei,  836,  935 

root  oif  acoustic  nerve,  935 
Cochleariform  process,  243,  1052 
Cceliac  artery,  688 

axis,  688 

branches  of  vagus  nerve,  943 

ganglion,  1002 

plexus,  1002 
Cog-tooth  of  malleus,  1053 
Cohnheim,  areas  of,  66 
Colic  arteries  of  ileocolic,  794 
artery,  left,  695 
middle.  694 
right,  694 

flexures,  right  and  left,  1180 

impression,  1192 

valve,  1179 
Collagen,  44 
Collar  bone,  301 
Collateral  circulation,  619 

eminence,  881 

fissure,  869 

ganglia,  995 
Collecting  tubes  of  kidney,  1212 
CoUes,  fascia  of,  337,  499,  517 
CoUiculi,  inferior,  853,  854 
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CoUiculi,  superior,  853,  854 
CoUiculus  of  arytenoid  cartilage, 
1081 

facUdia,  848 

inferior,  854 

nervi  optid,  1027 

superior,  854 
CoUum  anaiomicum,  309 

femoris,  345 

mallei,  1053 

tali,  367 
Coloboma,  135 
Colon,  1180 

ascendene,  1180 

ascending,  1180 

deacendene,  1181 

descending,  1181 

iUac,  1181 

left  or  splenic  flexure  of,  1180 

pelvic,  1181 

right  or  hepatic  flexure  of,  1 180 

sigmoid,  1181 

siQmoideum,  1181 

structure  of,  1 184 

tela  eubmucosa,  1185 

trantnersum,  1180 

tunica  mucosa^  1185 
muscularie,  1184 
serosa,  1184 

vessels  and  nerves  of,  1185 
Colored  lines  of  Retzius,  1120 

or  red  corpuscles,  61 
Colorless  corpuscles,  62 
Colostrum  corpuscles,  1259 
Columna  anterior  [medulia  spin- 
alis], 809 

fomids,  886 

IcUeralis  [medulla  spinalis],  809 

nasi,  1008 

posterior  [medulla  spincdis],  890 

vertebralis.  196 
Columnae  cameae,  610 
Columnar  epithelium,  37 
Columns  of  Clarke,  813 

of  fornix,  886 

of  medulla  spinalis,  811,  812, 
813 

rectal,  of  Morgagni,  1184 

renal,  1211 

of  vagina,  1255 

vertebral,  196,  212 
Comes  nervi  phrenici,  664 
Comitans  nervi  ischiadici,  706 
Comma-shaped  fasciculus,  817 
Commissura   labiorum    anterior, 
1256 

palpebrarum  lateralis,  1038 
medialis,  1038 
Commissural    fibres   of    cerebral 

hemispheres,  890 
Commissure  of  brain,  856 
anterior,  131,  887 
middle  or  gray,  856 
posterior,  127,  860 

of  corpus  callosum,  131 

habenular,  859 

hippocampal,  886 

of  Gudden,  909 

of  labia  majora,  1257 

of   medulla   spinalis,    anterior 
and  posterior  gray,  810 
anterior  white,  808 

optic,  862 
Commissures,  palpebral,  1038 
Common  bile  duct,  1200 
lymphatics  of,  793 

carotid  artery,  627 

dental  germ,  1121 

iliac  arteries,  698 
glands,  786 
veins,  763 

integument,  1071 

interosseous  artery.  680 

peroneal  nerve,  989 
Communicans  fibularis  nerve,  990 


Communicans  tibialis  nerve,  988 
Communicantes    cervicales, 

nerves,  957 
Communicating  artery,  anterior, 
651 
from  dorsalis  pedis,  725 
posterior,  653 
Compact  tissue  of  bone,  50 
Comparison  of  bones  of  hand  and 

foot,  375 
Complexus  muscle,  489 
Compressor  naris  muscle,  469 
Concha  of  auricula,  1044 
cavum  conchas,  1044 
cymba  conchae,  1044 
nasal,  inferior,  268 

articulations  of,  269 
ossiflScation  of,  269 
middle,  254 
superior,  254 
•   ncualis  inferior,  268 
Conchse,  sphenoidal,  250 

sphenoidaUs,  250 
Conchal  crest,  258,  266 
Condyle  of  mandible,  293 
Condyles  of  femur,  349 
occipital,  230 
of  tibia,  355 
Condyloid  articulation,  382 
canal,  230 

foramen,  anterior,  229 
fossa,  230,  287 
process  of  mandible,  273 
Cone  of  attraction,  83 
bipolars  of  retina,  1028 
granules  of  retina,  1029 
of  origin  of  axon,  72 
Cones  of  retina,  1029 
Confluence  of  sinuses,  229,  743 
Confluens  sinuum,  743 
Coni  vasculosi,  1233 
Conical  papilUe,  1128 
Conjoined    tendon    of    internal 
oblique       and       transverssdis 
muscles,  505 
Conjugate  diameter  of  pelvis,  341 
Conjunctiva,  1040 

applied  anatomy  of,  1042 
Connecting  fibrocartilages,  50 
Connective  tissues,  40 
adipose,  42 
areolar,  40 
development  of,  47 
lymphatics  of,  46 
mucous,  44 
nerves  of,  46 
proper,  40 
retiform,  40 
vessels  of,  46 
white  fibrous,  40 
yellow  elastic.  40 
Connective  tissue  corpuscles,  40 

extraperitoneal,  509 
Conoid  ligament,  412 

tubercle,  301 
Constriction,    duodenopyloric, 

1162 
Constrictor  muscles,  1141,  1142 
pharyngis  inferior  muscle,  1141 
medius  muscle,  1142 
superior  muscle,  1 142 
urethrae  muscle,  520.  521 
Contractile  fibre-cells,  68 
Conus  arleriosTM,  608 
elasticus  [larynx],  1083 
medullaris,  806 
Convoluted  tubes  of  kidney,  1212 
Convolution,  callosal,  873 
frontal,  ascending,  869 
occipitotemporal,  871 
parietal,  ascending,  871 
Cooper,  ligament  of,  502 
Copula,  164 
Cor,  603 
Coracoacromial  ligament,  413 


Coracobrachialis  muscle,  534 
Coracoclavicular  fascia,  528 
Coracohumeral  ligament,  414 
Coracoid  process,  307 

tuberosity,  301 
Cord,  gangliated,  995 
spermatic,  1229 
spinal,  805 
umbilical,  96 
vocal,  false,  1085 
inferior,  1086 
superior,  1085 
true,  1086 
Corium  or  cutis  vera,  1074 
layers  of,  1074 
stratum  papillare,  1074 
reticulare,  1074 
Cornea,  1018 

structure  of,  1019 
Corneal  corpuscles,  1020 
endothelium,  1021 
epithelium,  1019 
spaces,  1020 
Comiculate  cartilages,  1081 
Comu  arUerius,  878 
inferior,  879 
of  medulla  spinalis,  809 
posterius,  879 
Comua  of  coccyx,  209 
of  hyoid  bone,  275 
of  lateral  ventricles,  878,  879 
majora  [os  hyoidei],  275 
minora  [os  hyoidei],  277 
of  sacrum,  207 
of  thyroid  cartilage,  1080 
Cornucommissural  fasciculus,  817 
Cornucopia  of  Bochdidek,  846 
Corona  glandis,  1239 
radiata  [brain],  884 
[ovum],  79 
Coronal  suture,  277,  282 
Coronary  artery  of  heart,  622 
applied  anatomy  of,  623 
peculiarities  of,  623 
of  lips,  634 
of  stomach,  688 
ligament  of  liver,  1151 
ligaments  of  knee,  442 
plexuses,  1002,  1004 
sinus,  730 

opening  of,  608 
sulcus  of  heart,  604 
veins,  730 

of  stomach,  766 
Coronoid  fossa,  313 

process  of  mandible,  273 
of  ulna,  315 
Corpora  cavernosa  ditoridis,  1257 
penis,  1238 
bulbs  of,  1238 
crura  of,  1238 
mamillaria,  860 
quadrigemina,  853 
brachia  of,  853 
structure  of,  854 
Corpus  albicaniia,  860 
ArarUii,  610,  612 
callosum,  865,  876 
development  of,  131 
genu  of.  876 
peduncle  of,  875 
rostrum  of,  876 
splenium  of,  876 
cavemosum,  artery  to,  705 

urethrae,  1237 
ciliare,  1023 
fern  oris,  348 
fibulae,  359 
fomids,  886 
geniculatum  laterale,  858 

mediate,  858 
Highmori,  1232 
humeri,  311 
incudis,  1054 
luteum,  1246 
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Corpus  maxillae,  256 

0S8.  hyoidei^  275 
Hii,  333 
ischii,  336 
pybia,  337 

pancreo^ia,  1204 
fades  anterior,  1204 
inferior,  1204 
po«imor,  1204 
margo  anterior,  1204 
inferior,  1204 
«Mpmor.  1204 

papillare  [corium],  1074 

peni«,  1239 

pineale,  859 

radu.  320 

restiformes,  830,  841 

sphenoidcUis,  246 

spongiosum,  1238 

stemi,  218 

striatum,  729,  881 
vein  of,  885 

suhthalamicum,  860 

toZi.  367 

tibiae,  356 

tiZTiae,  318 

TAteri,  1249 
fades  iniestinalis,  1249 

vesicalis,  1249 
margo  lateralis,  1249 

verte&rae,  197 

vitreum,  1030 
Corpuscles,  colored,  61 
development  of,  142 

colorless,  62 

connective  tissue,  40 

genital.  1069 

of  Golgi  and  Mazzoni,  1069 

of  Grandry,  1069 

of  Hassall,  1265 

of  Herbst,  1069 

Pacinian,  1069 

of  Ruffini,  1070 

of  Wagner  and  Meissner,  1070 
Comigator  cutis  ani  muscle,  516 

muscle,  468 

supercilii  muscle,  468 
Cortex  of  cerebellum,  842 

of  cerebrum,  891 
Corti,  ganglion  of,  1060,  1068 

organs  of,  1065 

pillars  or  rods  of,  1065 

spiral  organ  of,  1065 

tunnel  of,  1065 
Cortical  arches  of  kidney,  1211 

arterial  system  of  brain,  654 

portion    of    suprarenal    gland, 
1272 

substance  of  kidney,  1211 
of  lens,  1031 

visual  centre,  909 
Corticostriate  fibres,  882 
Costae,  220 
Costal  cartilages,  48,  224 

element  or  process,  199 

groove,  222 

pleura,  1095 

tuberosity,  303 
Costocentral  articulation,  396 
Costocervical  trunk,  666 
Costochondral  articulations,  401 
Costocoracoid  ligament,  528 

metnbrane,  528 
Costomediastinal  sinus,  1097 
Costostemal  articulations,  399 
Costotransverse    articulations, 
397 

ligaments,  399 
Costovertebral  articulations,  396 

ligament,  anterior,  396 
Cotyloid  cavity,  339 

ligament,  339,  434 
Covering  bones,  107 
Coverings     of     direct     inguinal 

hernia,  1188 


Coverings  of  femoral  hernia,  1189 

of  oblique  inguinal  hernia,  1187 

of  ovum,  79 

of  testes,  1228 
Cowper's  glands,  190,  1243 
Coxal  articulation,  432 

applied  anatomy  of,  437 
movements  of,  435 
muscles  in  relation  to,  435 
Cranial  bones,  227 

fossa,  anterior,  288 
middle,  290 
posterior,  291 

nerve,  907 
Craniology,  295 
Craniopharyngeal  canal,  166 
Cranium,  227 

bones  of,  227 

breadth  of.  296 

development  of,  105 

fissures  in,  congenital,  255 

height  of,  296 

horizontal     circumference     of, 
296 

length  of,  296 

longitudinal  arc  of,  296 
Cremaster  muscle,  504 
Cremasteric  artery,  709 

fascia,  504 
Crescents  of  Gianuzzi,  1137 
Crest  or  Crests,  basilar,  1064 

conchal,  258,  266 

ethmoidal,  260,  267 

frontal,  235 

of  ilium.  336 

incisor,  261 

infratemporal,  248,  282 

internal  occipital,  228,  292 

intertrochanteric,  348 

lacrimal,  260,  263 

nasal,  261,  266 

neural,  88,  120 

obturator,  338 

of  pubis,  338 

of  right  atrium,  606,  607 

sphenoidal,  247 

supramastoid,  237 

of  tibia,  356 

of  tubercles  of  humerus,  309 

urethral,  in  female,  1228 
in  male,  1225 
Cribriform  plate  of  ethmoid,  252 
Cricoarytaenoideus    lateralis 
muscle,  1088 

posterior  muscle,  1088 
Cricoaiytenoid  ligament,  1084 

muscles,  1088 
Cricoid  cartilage,  1081 
Cricothyreoideus  muscle,  1088 
Cricothyroid  artery,  631 

ligament,  middle,  1083 

membrane,  1083 

muscle,  1088 
Cricotracheal  ligament,  1083 
Crista    arcuata    [arytenoid    car- 
tilage], 1081 

coUi  costae,  222 

faldformis,  241 

galli,  252 

terminalis  [of  His],  146 

vestibuli,  1058 
Crossed  commissural  fibres,  811 

pyramidal  tract,  815 
Crosses  of  Ranvier,  75 
Crown  of  a  tooth,  1118 
Crucial  anastomosis,  717 

ligaments,  441 
Cruciate  crural  ligament,  584 

eminence  of  occipital  bone,  228 

ligament  of  atlas,  390 

ligaments  of  knee,  441 
Crura  cerebri,  848 

of  diaphragma,  495 

of  fornix,  887 

of  penis,  1238 


Crura  of  stapes,  1054 

of  subcutaneous  inguinal  ling, 
500 
Crural  arch,  deep,  509 

muscles,  anterior,  dissection  of, 
578 
lateral,  dissection  of,  582 
posterior,  dissection  of,  578, 
679.  581 
nerve,  anterior,  980 
septum,  712 
sheath,  710 
Crureus  muscle,  566 
Cms  cerebri,  848 

commune  [semicircular  canals], 

1059 
fomids,  887 
helids,  1044 
penis,  1238 
Crusta  or  pes  of  cerebral  peduncle, 
849 
petrosa  of  teeth,  1121 
formation  of,  1121 
Cruveilhier,  glenoid  ligaments  of, 

430,  459 
Crypts  of  Lieberkuhn,  1 174 
Crystalline  lens.  1030 

cortical  substance  of,  1031 
development  of,  136 
nucleus  of,  1031 
Cuboid  bone,  367 
Cuboideonavicular  articulation, 

457 
Cvlmen  monticuli  [cerebellum], 838 
Cuneate  nucleus,  825 

tubercle,  825 
Cuneiform  bone  of  carpus,  324 
of  tarsus,  first,  369 
second,  369 
third,  370 
cartilages,  1082 
tubercle,  1085 
Cuneocuboid  articulation,  457 
Cuneonavicular  articulation,  456 
Cuneus,  871 
Cup,  optic,  134 
Cupula  of  cochlea,  1060 

of  pleura,  1095 
Curoatura  ventrictdi  major,  1162 

minor,  1162 
Curvatures  of  stomach,  1161 
Curved  lines  of  ilium,  333 
Curves     of     vertebral     column, 

212 
Cushion  of  auditory  tube,  1139 

of  epiglottis,  1082 
Cushions,  endocardial,  148 
Cusps  of  bicuspid  valve.  612 

of  tricuspid  valve,  609 
Cutaneous  cervical  nerve,  -957 
nerve,  external,  977 
internal,  964,  981 

lesser,  964 
middle,  980 
Cuticle,  1071 
CtUicula  dentis,  1123 
Cutis  plate,  102 

vera  or  corium,  1074 
Cutting  teeth,  1117 
Cuvier,  ducts  of,  157 
Cycle,  cardiac,  615 
Cylindrical  epithelium,  37 
Cymba  conchae,  1044 
Cystic  artery,  691 
duct,  1200 
vein,  767 
Cyton,  72 
Cytoplasm,  33 
Cytotrophoblast,  85 


Dacryon,  287,  296 
Dartos  tunic,  1228 
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Darwin,    auricular    tubercle    of, 

1044 
Daughter  chromosomes,  36 
Decidua,  98 
basalis,  98 
capsularis,  98 
parietalis,  98 
placentalis,  98 
stratum  compactum  of,  98 

spongiosum  of,  98 
unaltered  or  boundary  layer  of, 
98 
Decidual  cells,  98 
Decussation  of  lemniscus,  827 
partial,  of  optic  nerves,  909 
pyramidal,  822 
Deep  abdominal  ring,  508 
artery  of  penis,  703 
auricular  artery,  640 
cerebral  veins,  740 
cervical  artery,  666 
fascia,  476 
lymph  glands,  778 
vein,  738 
crural  arch,  509 
epigastric  artery,  709 

vein.  760 
external  pudic  artery,  716 
fascia  of  arm,  534 
of  forearm,  536 
femoral  artery,  716 
iliac  circumflex  vein,  760 
lingual  artery,  632 
muscles  of  back,  485 
palmar  arch,  679 
peroneal  nerve,  990 
petrosal  nerve,  919 
plantar  artery,  725 
Sylvian  vein,  740 
temporal  arteries,  641 

nerves,  922 
transverse  fascia  of  leg,  580 
Degeneration,  Wallerian,  815 
Deglutition,  1114 
Deiters,  cells  of,  1067 
nucleus  of.  836,  935 
Deltoid  ligament,  450 
muscle,  530 
tubercle,  302 
tuberosity,  312 
Deltoideus  muscle,  530 
Demilunes  of  Heidenhain,  1137 
Demours,  membrane  of,  1020 
Dendrons  of  nerve  cells,  72 
Derw,  or  odontoid  process  of  axis, 
199 
aeroiinua,  1118 
Dental  artery,  inferior,  640 
posterior,  641 
canaliculi,  1120 
formuUe,  1116 
furrow.  1122 
germs,  1121 
lamina,  1121 
nerve,  inferior,  923 
pulp, 1119 
sac,  1123 
Dentate  fissure,  874 
gyrus,  874 
ligament,  907 
Dentes,  1115 
canini,  1117 
decidui,  1118 
incisivi,  1117 
molar  es,  1118 
permanentes,  1117 
praemolarea,  1118 
Dentin,  1119 

formation  of,  1123 
intertubular,  1120 
secondary,  1121 
Dentinal  canaliculi,  1120 
fibres,  1120 
matrix,  1120 
sheath  of  Neumann,  1120 


Dentinal  tubules,  1120 
Depressions  for  arachnoid  granu- 
lations. 232 
Depressor  alae  nasi  muscle,  469 

anguli  oris  muscle,  470 

labii  inferioris  muscle,  470 

septi  muscle,  469 
Dermal  bones,  107 
Dermic  coat  of  hair  follicle,  1076 
Dermis,  1074 

Descemet,  membrane  of,  1020 
Descendens  cervicalis  nerve,  957 
Descending  aorta,  683 

colon,  1181 

comma-shaped  fasciculus,  817 

oblique  muscle,  499 

palatine  artery,  642 

process  of  lacrimal  bone,  263 

ramus  of  h>'poglossal  nerve,  947 
of  ischium,  337 
of  OS  pubis,  338 
Descent  of  testis,  186 
Detrusor  urinae  muscle,  1223 
Deutoplasm,  78 
Development  of  adipose  tissue,  42 

of  alLantois,  93 

of  amnion,  94 

of  anal  canal,  172 

of  arteries,  152 

of  body  cavities,  178 

of  brain,  120 

of  branchial  or  visceral  arches, 
108 

of  cerebral  nerves,  132 

of  chorion,  99 

of  chromaffin  organs,  133 

of  deciduous  teeth,  1121 

of  digestive  tube,  162 

-  of  ear,  138 

of  external  organs  of  genera- 
tion, 190 

-  of  eye,  134 
of  face,  111 

of  fetal  membranes,  93 

of  glands  of  skin,  116 

of  heart,  143 

of  hypophysis  cerebri,  166 

of  joints,  115 

of  kidney.  187 

of  limbs,  113. 

of  liver,  174 

of  lymphatic  system,  161 

of  mammae,  1 16 

of  medulla  spinalis,  117 

of  mouth,  163 

of  muscles,  116 

of  nervous  system,  117 

of  neural  groove  and  tube,  88 

of  nose.  111 

of  notochord,  90 

of  ovaries,  184 

of  palate,  1 12 

of  palatine  tonsils,  165 

of  pancreas,  175 

of  parathyroid  glands,  166 

of  parietes,  102 

of  permanent  teeth,  1124 

of  pharyngeal  pouches,  108 

of  placenta,  100 

of  primitive  segments,  91 

streak,  86 
of  prostate,  189 
of  rectum,  172 
of  respiratory  organs,  176 
of  ribs,  104 

of  salivary  glands,  164 
of  skeleton,  102 
of  skin,  116 
of  skull,  105 
of  spinal  nerves,  119 
of  spleen,  176 
of  sternum,  105 
of  suprarenal  glands,  134 
of  sympathetic  system,  133 
of  teeth,  1121 


Development  of  testis,  186 
of  thymus,  165 
of  thyroid  gland,  165 
of  tongue,  164 
of  umbilical  cord,  96 
of  urethra,  190 
of  urinary  bladder,  188 

and  generative  organs,  180 
of  vascular  system,  141 
of  veins,  155 
of  vertebral  column,  102 
of  visceral  arches,  108 
of  yolk-sac,  93 
Diameters  of  pelvis,  341,  342 
Diaphragm,  muscles  of,  493 
pelvic,  510.  1146 
urogenital,  519 
Diaphragma,  493 

lymphatic  vessels  of,  798 
sellae,  901 
Diaphragmatic  lymph  glands,  796 
part  of  pehnc  fascia,  511 
pleura,  1095 
surface  of  heart,  605 
^  Diaphysis,  59 
Diarthroses,  381 
'  Diaster,  36 

I  Diencephalon,  126,  855 
I  Digastric  fossa,  239 
I      muscle,  480 

nerve,  jfrom  facial,  933 
triangle,  644 
Digastricus  muscle,  480 
Digestion,  organs  of,  1109 
Digestive  apparatus,  1109 
development  of,  162,  168 
tube,  1109 
Digital  arteries,  foot,  728 

from  superficial  volar  arch, 
hand,  682 
682 
fossa  of  epididymis,  1231 

of  femur,  347 
nerves  of  lateral  plantar,  989 
of  medial  plantar,  988 
of  median,  965 
of  musculocutaneous.  964 
of  radial,  969 
of  ulnar,  967 
vaginal  ligaments,  540 
veins  of  foot,  756 
of  hand,  747 
Digits,  articulations  of,  431 
Dilatator  naris  anterior  muscle, 
469 
posterior  muscle,  469 
pupillae  muscle,  1025 
tubae  muscle,  1053 
DiploS,  196 
Diploic  veins,  738 
frontal,  738 
occipital,  739 
temporal,  738 
Direct  cerebellar  fasciculus,  813 
tract,  828 

of  Flechsig,  816,  828 
inguinal  hernia,  118S 
pyramidal  tract,  815 
Discharge  of  ovum,  1246 
.  Discus  articularis^  395 
,      proligerus,  1246 
Disk,  interpubic,  407 
'      optic,  1027 

I  Disks,  tactile,  of  Merkel,  1069 
'  Dissection  of  axilla,  525 
of  brain,  821 
of  crural  muscles,  578,  579,  581, 

582 
of  encephalon,  821 
of  femoral  muscles,  medial,  567 

posterior,  574 
of  geniohyoideus  muscle,  481 
of  infrahyoid  muscles,  482 
of  left  atrium,  610 
ventricle,  611 


INDEX 


1369 


Dissection   of    medulla    spinalis,  i 
805 
of  mesenteric  artery,  inferior, 
695 
superior,  692 
of  muscles  of  abdomen,   498, 
503,  504.  505 
of  arm,  533 
of  back,  485 
of  eyelids,  467 
of  foot,  587,  588 
of  forearm,  536,  539,  542 
of  gluteal  region,  569,  572 
of  iliac  region,  559 
of   leg,  576,   578,    579,  581, 

582 
of  mouth,  469 
of  palate,  1114 
of  scalp,  464 
of  shoulder,  530,  531 
of  thigh,  562 
of  pectoral  region,  525 
of  popliteal  fossa,  718 
of  pterygoidei  muscles,  474 
of    rectus    abdominis    muscle, 

505 
of  right  auricle,  607 

ventricle,  609 
of  superficial  cervical  muscle, 

475 
of  suprahyoid  muscles,  480 
of  temporal  muscle,  473 
DiverticiUum  ilei,  1172 

Meckel's,  93,  1172 
Divisions  of  bronchi,  1105 

of  cells,  34 
Dobie's  line,  66 
Dogiel,  cells  of,  950 
Dorsal  aortse,  154 
artery  of  penis,  706 
carpal      artery,      of      radial, 
678 
of  ulnar,  682 
ligament,  550 
cutaneous  nerve,  intermediate, 
•     990 
lateral,  988 
medial,  990 
fissure   of  medulla  oblongata, 

822 
interossei  muscles,  555,  591 
interosseous  artery,  681 

nerve,  970 
lamina,  119 
mesogastrium,  168 
metacarpal  arteries,  678 

veins,  750 
nasal  artery,  650 
nerve  of  penis,  992 
peripheral  band,  818 
pulmonary  nerves,  943 
scapular  nerve,  960 
spinal  artery,  660 
veins  of  penis,  761 
venous  arch  of  foot,  756 
net- work  of  hand,  747 
vestibular  nucleus,  836 
DoraalU  haUucis  artery,  724 
linguae  artery,  632 
pedis  artery y  724 

applied  anatomy  of,  724 
branches  of,  724 
peculiarities  of,  724 
surface  markings  of,  1332 
BcapuUie  artery,  671 
Dorsoepitrochlearis     brachii 

muscle,  524 
Dorsomedian  fissure  of  medulla 

oblongata,  822 
Dorsum  Hit,  333 
linguae,  1126 
nasi,  1008 
scapulae,  305 
aeUae,  246,  290 
Douglas,  pouch  of,  1151 


Drum,  1049 

Duct   or    Ducts,  accessory   pan- 
creatic, 1205 
of  Bartholin,  1137 
of  Bellini,  1212 
of  bulbourethral  glands,  1243 
cloacal,  172 
common  bile,  1200 
of  Cuvier,  157 
cystic,  1200 
ejaculatory,  1237 
frontonasal,  236 
of  G&rtner,  1245 
hepatic,  1199 
lacrimal,  1041 
lactiferous,  1258 
of  Uver,  1198 
•  lymphatic,  right,  772 
Mtillerian,  182 
nasolacrimal  or  nasal,  1042 
pancreatic,  1204,  1205 
parotid,  1135 
pronephric,  180 
prostatic.  1241 

orifices  of,  1225 
of  Rivinus,  1137 
of  Santorini,  1205 
semicircular,  1062 
seminal,  1235 
Skene's,  190 
Stensen's,  1135 
sublingual,  1137 
submaxillary,  1136 
thoracic,  771 
thyroglossal,  165,  1127 
vitelline,  92 
Wharton's,  1136 
of  Wirsung,  1204 
Wolffian,  180 
Ductless  glands,  1260 

aortic  bodies  of  Zuckerkandl, 
1274 

carotid  skeins,  1273 

coccygeal  skein.  1273 

lien,  1266 

parathyroids,  1263 

spleen.  1266 

suprarenals,  1270 

thymus,  1264 

thyroid,  1261 
Ductuli  aberrantea  [testis],  1236 
efferentee  [testis].  1233 
transversi  [epoophoron],  1244 
Ductus  arteriosus,  616 
choledochus,  1200 
cochlear  is,  1063 
cyeticus.  1200 
deferens,  1235 

ampulla  of,  1235 

structure  of,  1236 
ejaculatorii,  1237 
endolymphaticus,  1058,  1062 
tiepaticus,  1199 
lacrimalis,  1041 
longUudinalis  epoophori,  1245 
lymphaticus  dexter,  772 
ruisolacrimalis,  1042 
pancreaticus  [Wirsungx\,  1204 
parotideua,  1135 
Santorini,  1205 
semicirculares,  1062 
suhmaxillaris,  1136 
thoracicus,  771 
uiriculosaccularis,  1062 
.  venoaus,  156,  618 

development  of,  156 

fossa  for,  1194 

obliterated.  765 
Duodenal  fossse,  1158 
glands,  1175 
impression,  1192 
Duodenojejunal  flexure,  1171 
fold,  1159 
fossa,  1159 
Duodenomesocolic  fold,  1158 


Duodenopyloric    constriction, 

1162 
Duodenum,  1169 

ascending  portion,  1171 
descending  portion,  1170 
horizontal  portion,  1 170 
lymphatic  vessels  of,  792 
superior  portion,  1169 
suspensory  muscle  of,  1171 
vessels  and  nerves  of,  1171 
Dura  of  brain,  900 
mater,  cerebral,  900 
arteries  of,  902 
endosteal  layer  of,  902 
meningeal  layer  of,  902 
nerves  of,  902 
processes  of,  900 
veins  of,  902 
encephali,  900 
spinal,  902 

structure  of,  903 
spinalis,  902 
Dural  nerve,  941 


Ear,  1043 

auricula  of,  1044 
muscles  of,  1045 

cartilaginous  capsules  of,  107 

cochlea,  1059 

development  of,  138 

external,  1043 

internal,  or  labyrinth,  1057 
applied  anatomy  of,  1068 

meatus  acusticus  externus, 
1046 

membranous  labsrrinth,  1061 

middle,  1049 

osseous  labyrinth,  1057 

pinna  of,  1044 

semicircular  canals  of,  1058 

tympanic  cavity  of,  1049 

applied  anatomy  of,  1056 
muscles  of,  1055 
ossicles  of,  1053 
vessels  and  nerves  of,  1056 

vestibule  of,  1058 
Eberstaller,  medial  frontal  sulcus 

of.  870 
Ectoderm,  86,  87 
Ectodermal  cloaca,  172 
Efferent  nerves,  803 
Eighth  nerve,  934 
Ejaculator  urinae  muscle,  518 
Ejaculatory  ducts,  1237 
Elastic  fibrocartilage,  50 

laminae  of  cornea,  1020 

membrane  of  larynx,  1083 

tissue,  yellow,  44 
Elastin,  44 
Elbow  bone,  314 
Elbow-joint,  418 

anastomoses  around,  675 

applied  anatomy  of,  421 

movements  of,  420 

surface  anatomy  of.  1315 
markings  of,  1319 

vessels  and  nerves  of,  420 
Eleidin,  39 
Eleventh  nerve,  944 
Embryo,   form    of,    at    different 
stages.  191 

separation  of,  92 
Embryology.  77 
Embryonic  disk,  86 

pole,  85 
Eminence,  canine,  257 

collateral.  881 

cruciate,  228 

frontal,  234,  278,  282 

hypothenar,  546 

iliopectineal,  336 

intercondyloid,  of  tibia,  355 
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Eminence,    medial,  of    rhomboid 
fossa,  847 

parietal,  231,  277,  282 

pyramidal,  of  pons,  833 
of  tjrmpanic  cavity,  1052 

thenar,  546 
Eminences    and    depressions    of 

bones,  196 
EmineTUia  arcuataj  241 

artictUariSt  237 

coUcUeralis,  881 

pyramidalis,  1052 

8<icculari8,  861 
Emissary  veins,  746 
Enamel  cells,  1123 

droplet,  1123 

epithelium,  1123 

fibres  or  prisms,  1120 

organ.  1123 

of  teeth.  1120 

formation  of,  1123 
Enarthrosis,  382 
Encephalon,  821 

dissection  of,  821 
End-arteries.  1214 
End-bulbs  of  Krause,  1069 
End-plates,  motor,  of  KUhne.  803 
Endocardial  cushions,  148 
Endocardium,  613 
Endognathion,  299 
Endolymph,  1061 
Endomysium,  64 
Endoneurium,  802 
Endoskeleton,  195 
Endosteal  layer  of  dura  mater, 

902 
Endothelium,  37 

camerae  anierioris,  1021 

corneal,  1021 
Engelmann,  basal  knobs  of,  38 
Enlargements  of  medulla  spinalis, 

808 
Ensiform  appendix,  220 
Entoderm.  85 
Entodermal  cloaca,  172 
Entrance  of  larynx,  1085 
Eosinophil  corpuscles,  63 
Eparterial  branch  of  right  bron- 
chus, 1092,  1105 
Ependymal  layer,  117 
Epicardium,  613 
Epicondyles  of  humerus,  313 
Epicranial  aponeurosis,  466 
Epidermic  coat  of  hair  follicle, 

1077 
Epidermis,  development  of,  116 

structure  of,  1071 
Epididymis,  1231 
Epidural  space,  903 
Epigastric    artery,   deep    or    in- 
ferior, 709 
applied  anatomy  of,  710 
peculiarities,  709 
surface  markings  of,  1309 
superficial,  717 
superior,  666 

fold.  1187 

lymph  glands,  786 

region,  1147 

vein,  deep,  760 
superficial,  756 
Epiglottis,  1082 

tubercle  or  cushion  of,  1082 
Epimysium,  64 
Epineurium,  801 
Epiotic  centre  of  temporal  bone, 

245 
Epiphyses,  atavistic,  59 

pressure,  59 

traction,  59 
Epiphysial  cartilage,  57 
Epiphysis,  59,  859 
Epiploic  foramen,  176,  1155 

glands,  right,  788 
Episiropheua,,  200 


EpUhalamus,  127,  859 
fasciculus  retrofiexus  [of  Mey- 

nert],  859 
ganglion  habenuUiet  859 
pineal  body,  859 

structure  of,  860 
posterior  commissure,  860 

nucleus  of,  860 
trigonum,  habenulaej  859 
Epithelial  cells,  36 
Epithelium,  36 
ciliated,  37 
columnar,  37 
comeae^  1019 
cylindrical,  37 
enamel,  1123 
germinal,    of    Waldeyer,    184, 

1245 
glandular,  37 
pavement,  37 
simple,  37 
stratified,  39 

of  cornea,  1019 
transitional,  40.  1223 
Epitympanic  recess.  240,  1049 
Eponychium,  1075 
Epoophoron,  181,  1244 
Equator  of  lens,  1031 
Erector  clitoridis  muscle,  521 
penis  muscle,  518 
spinae  or  sacrospinalis  muscle, 
488 
Eruption  of  teeth,  1124 
Erythroblasts,  51 
Erythrocytes,  61 
Ethmoid  bone,  251 
Ethmoidal  arteries,  650 
bone,  251 

articulations  of,  255 
cribriform  plate  of,  252 
crest,  260,  267 
foramina,  287  — 
horizontal  lamina,  252 
labyrinth  or  lateral  mass  of, 

253 
lamina  papyracea  of,  253 
OS  planum  of,  253 
ossification  of,  254 
perpendicular       plate       of, 

252 
uncinate  process  of,  253 
vertical  plate,  252 
canals.  235.  253 
cells,  253,  1014 
notch,  235 
plate,  107 
process  of  inferior  nasal  concha, 

268 
spine,  246,  290 
Ethmovomerine  cartilage,  270 
Eustachian  tube,  1052 

valve,  607,  608 
Excavation,  rectouterine,  1151 

vesicouterine,  1152 
Exner,  plexus  of,  893 
Exognathion,  299 
Exoskeleton,  195 
Extensor    carpi    radialis    brevis 
muscle,  542 
longus  muscle,  542 
ulnaris  muscle,  544 
coccygis  muscle,  490 
digiti  quinti  proprius  muscle, 

544 
digitorum  brevis  muscle,  586 
communis  muscle,  544 
longus  muscle,  577 
htUlucis  longus  muscle,  577 
indicis  muscle,  546 

proprius  muscle,  546 
minimi  digiti  muscle,  544 
ossis  metacarpi  pollicis  muscle, 

545 
pollicis  brevis  muscle,  545 
longus  muscle,  545 


Extensor  primi  intemodii  pollicis 
muscle,  545 

proprius  hallucis  muscle,  577 

secundi   intemodii    pollicis 
muscle,  545 
Exterior  of  skull,  277 
External  abdominal  ring,  500 

arcuate  ligament,  495 

auditory  canal,  1046 
meatus,  1046 

calcaneal  artery,  726 

calcaneoastragaloid     ligament, 
453 

can  thus  of  eyelids,  1038 

circumflex  artery,  716 

cutaneous  nerve,  977 

geniculate  body,  858 

intercostal  muscles,  492 

lateral     ligament,     394,     419, 
426 

ligament  of  msdleus,  1055 

malleolar  artery,  723 

oblique  muscle,  499 

plantar  artery,  727 
nerve,  989     ' 

popliteal  nerve,  989 

pteiygoid  muscle,  474 

pudic  arteries,  716 

respiratory  nerve  of  Bell,  960 

saphenous  vein,  757 

semilimar  fibrocartilage,  442 

spermatic  fascia,  1229 

sphincter  ani  muscle,  516 
Extraspinal  veins,  754 
Extremiias  acromiaiis  [davictda], 
303 

atemalis  [claviciUa]y  303 
Extremity  of  penis,  1239 
Extrinsic      muscles    of    tongue, 

1129 
Eye,  1017 
Eyeball  or  bulb  of  eye,  1017 

accessory  organs  of,  1034 

applied  anatomy  of,  1031 

aqueous  humor,  1030 

capsule  of  T6non,  1037 

chambers  of,  1024 

choroid,  1021 

ciliary  body,  1023 
muscle,  1023 
processes,  1023 

conjunctiva,  1040 

cornea,  1018 

crystalline  lens,  1030 

development  of,  134 

fascia  bulbi,  1037 

fibrous  tunic,  1017 

hyaloid  membrane,  1030 

iris,  1024 

membrana  jmpiUaria,  136 

orbiculiM  ctZtam,  1023 

pupil,  1024  . 

refracting  media,  1030 

retina,  1026 
pigmented  layer  of,  1027 
proper,  1027 

supporting    frame-work    of, 
1029 

sclera,  1017 

timics  of,  1017 
vasciilar.  1021 

uvea,  1025 

vessels  and  nerves  of,  1031 

vitreous  body,  1030 
Eyebrows,  1038 
Eyelashes,  1038 
Eyelids,  1038 

applied  anatomy  of,  1042 

canthus  of,  1038 

development  of,  137 

muscles  of,  dissection  of,  467 

structure  of,  1039 

surface  anatomy  of,  1287 

tarsi  of,  1039 
Eye-teeth,  1118 
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Face,  bones  of,  255 

development  of,  111 

lymphatics  of,  774 

surface  anatomy  of,  1282  , 

Facial  artery.  633  ! 

transverse,  638  i 

bones,  255  I 

canal,  241 

hiatus  of,  241 

prominence  of,  1052  | 

lymph  glands,  775 
nerve,  929 

applied  anatomy  of,  933 
vein,  anterior,  733 

applied  anatomy  of,  733 
common,  733 
deep,  733 
posterior,  734 
transverse,  734 
Falciform  ligament  of  liver,  1150 
1195 
margin  of  fossa  ovalis,  564 
process  of  sacrotuberous  liga- 
ment, 405 
Fallopian  tubes,  1247 
Fallopius,    aqueduct   of,    promi- 
nence of,  1051 
False  ligaments  of  bladder,  1221 
pelvis,  340 
ribs,  220 

vocal  cords,  1085 
Fcdx  aponeurotica  inguinalis,  505 
cerebeUi,  900 
cerebri,  900 
Fascia  or  Fasciae,  463 
of  abdomen,  498 
triangular,  502 
anal,  511 
of  ankle,  584 
antibrachial,  536 
anttbrachil,  536 
of  arm,  534 
axillary,  526 
bicipital,  535 
brachial,  534 
brachii,  534 
buccopharyngeal,  477 
bulbi,  1037 
of  Camper,  498 
-  cervical,  475,  476 
clavipectoral,  528 
of  CoUes,  337,  499,  617 
colli,  476 

applied  anatomy  of,  478 
coracoclavicular,  528 
coracoclaviciUaris,  528 
cremasteric,  504 
cribrosa,  563 
cruris,  576 
deep,  464 
of  deltoideus,  530 
dentata  hippocampi,  875 
diaphragmatic  part  of  pelvic, 

511 
dorsal,  of  foot,  586 
endopelvic,  512 
of  forearm,  536 
general  description  of,  463 
of  hand.  546 
Uiaca,  560 
iliopectineal,  560 
infraspinata,  533 
infraspinatous,  533 
infundibuliform,  508 
intercolumnar,  1229 
intercostal,  492 
inter  crural,  501 
lata.  563 

falciform  margin  of,  564 
fossa  ovalis  of,  564 
iliotibial  tract  or  band  of,  563 
of  leg,  576 

deep  transverse,  580 


Fascia  or  Fasciae,  lumbar,  486 

masseteric,  472 

of  obturator  intemus,  510 

orbital,  1038 

palmar,  550 

parotideomasseteric,  472 

pectoral,  526 

pelvic,  510 

plantar,  586 

pretracheal,  477 

prevertebral,  477 

propria  of  femoral  hernia,  1189 

of  piriformis,  511 

of  psoas  and  iliacus,  559 

of  quadra tus  iumborum,  510 

rectal,  518 

rectovesical,  512 

renal,  1209 

of  Scarpa,  499 

Sibson's,  1096 

spermatic,  external,  501,  1229 

subscapular,  531 

suhacapularis,  531 

superficial.  463 

suprcutpinata,  532 

supraspinatous,  532 

temporal.  473 

of  thigh,  562 

of  thoracic  region,  526 

transversalis,  508 

triangulai,  of  abdomen,  502 

of  upper  extremity,  522 

of  urogenital  diaphragm,  519, 
520,  521 
region,  517 

vesical,  512 
Fasciculi,  intrafusal,  1071 

lonqittidinales,  834 
Fasciculus,  anterior  proper,  815 

cerebelloolivary,  830 

cerebellospinal,  816,  828 

cerebrodlivary,  830 

cerebrospinal,  815 

cerebrospinalis  anterioTt  815 
lateralis,  815 

comma-shaped,  817 

comucommissural,  817 

cuneatus.  817 

gracilis,  817 

lateral  proper,  817 

laieralia  proprius,  817 

of  Lissauer,  817 

longitudinal,  inferior,  891 
medial,  851 
posterior,  851 
superior,  891 
'      occipitofrontal,  891 

olfactory,  887 

olivospinal,  816 
'      perpendicular,  891 

retroflexus  of  Meynert,  859 

rubrospinal,  816 

secondary  sensory,  817 

solitarius,  833 

spinocerebellar,  816 
ventral,  817 

spinoolivary,  830 

spinotectal,  817 
I      spinothalamic,  817 

superficial  antero-lateral,  816 
i      tectospinal.  815,  816 
I      thalamomamillary,  886 

uncinate,  890 

vestibulospinal,  815 
Fctsciola  cinerea,  875 
Fat  or  adipose  tissue,  42 

cells,  42 
Fauces,  arches  or  pillars  of,  1112 

isthmus  of,  1112 
Female  genital  organs,  1243 
I  bulb  of  vestibule,  1256 

,  carunculae       hymeneales, 

1257 
I  clitoris,  1257 

development  of,  180 


Female     genital     organs,     epo- 
ophoron,  1244 
fourchette,  1257 
glands  of  Bartholin,  1258 
greater  vestibular,  1257 
hymen,  1257 
labia  majora,  1256 

minora,  1257 
mons  pubis,  1256 
navicular  fossa,  1257 
ovaries,  1243 
uterine  tubes,  1247 
uterus  or  womb,  1248 
vagina,  1255 
vestibule,  1257 
pronucleus,  80 
urethra,  1228 
Femoral  artery,  710 

applied  anatomy  of,  715 
branches  of,  715 
deep,  716 

peculiarities  of,  714 
surface  marking  of,  1331 
canal,  712 

circumflex  arteries,  716,  717 
cutaneous  nerve,  anterior,  981 
lateral,  977 
I  posterior,  985 

fossa,  712 
fovea,  1187 
'      hernia,  1189 

muscles,  medial,  dissection  of, 
567 
posterior,  dissection  of,  594 
nerve.  980 

applied  anatomy  of,  992 
ring,  712 
'      septum,  712 
sheath,  710 
triangle,  565,  712 
vein,  758 
Femur,  345 

applied  anatomy  of,  352 
articulations  of.  352 
condyles  of,  349 
head  of,  345 
neck  of.  345 
I      ossification  of,  352 
spiral  line  of,  348 
'      structure  of,  350 

surface  anatomy  of,  1324 
'      trochanters  of,  346,  347 
Fenestra  cochleae,  1051 
ovalis,  1051 
rotunda,  1051 
veatibiUi,  1051 
Fenestrated  membrane  of  Henle, 
•      44 

;  Fertilization  of  ovum,  82 
Fetal  heart,  i>eculiarities  of,  161 

membranes,  93 
Fetus,  circulation  in,  616 
'      foramen  ovale  in,  149,  616 
I      valve  of  inferior  vena  cava  in, 
'  616 

I      vascular    system     in,     peculi- 
arities of,  615 
1  Fibrae  inter crurales,  501 
pontis  profundae,  834 
super ficiales,  834 
I      propriae  [cerebellum],  842 
Fibre  cells,  contractile,  68 
'  Fibres,  arcuate.  831 

dentinal,  1120 
>      intercolumnar,  501 

.intercrural,  501 
,      intrafusal,  1071 
I      of  muscles,  64 
I      nerve,  70 

of  Purkinje,  69 
i      of  Remak,  76 

sustentacular,  of  MUller,  1029 
'      of  Tomes,  1120 
I  Fibrocartilage,  49 
circumferential,  50 
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Fibrocartilage,  connecting.  50 
interarticular,  49 
intervertebral,  385 
semilunar,  of  knee,  442 
stratiform,  50 
yellow  or  elastic,  50 
Fibrocartilaginous  lamina,  inter- 
pubic,  407 
Fibrous  capsule  of  Glisson,  1196 
pericardium,  601 
rings  of  heart,  613 
sheaths   of   flexor   tendons   of 
fingers,  540 
of  toes,  588 
tissue,  white,  43 
tunic  of  kidney,  1210 
Fibula,  359 

applied  anatomy  of,  361 
articulations  of,  361 
ossification  of,  361 
surface  form  of,  1324 
Fibular  artery,  723 

collateral    ligament    of    knee- 
joint,  440 
Fifth  metacarpal  bone,  330 
metatarsal  bone,  372 
nerve,  914 
ventricle,  887 
Filiform  papillae  of  tongue,  1128 
FiUet,  852 
lateral,  853 
mesial,  853 
Filtration  angle  of  eye,  1019 
FUum  terminal€f  807 
Fimbria  hippocampi,  887 

ovarian,  1247 
Fimbria  of  uterine  tube,  1247 
Fimbriodentate  fissure,  875,  887 
First  cuneiform  bone,  369 
dorsal  metacarpal  artery,  678 

metatarsal  artery,  724 
metacarpal  bone,  329 
metatarsal  bone,  371 
nerve,  908 
Fissura  antiiragohelicina,  1044 
oalcarina,  869 
cerebri  lateralis  [Sylvii],  867 

longitudinalis,  865 
coUateralia,  869 
hippocampi,  874 
midiana  anterior  [meduUae  ob- 
longatae]   822 
spinalis],  808 
posterior  [meduUae  oblonga- 
tae],  822 
parietooccipitalis,  868 
petrotympanica,  1049 
prima  [cerebellum],  124 
[rhinencephalon],  875 
secunda  [cerebellum].  124 
Fissure  or  Fissures,  anterior  me- 
dian of  medulla  spinalis,  808 
callosomarginal,  869 
central.  868 
of  cerebellum,  837,  838 
development  of,  125 
floccular,  125 
horizontal,  837 
postcentral,  838 
postnodular,  838 
postpyramidal,  839 
precontral,  838 
preclival,  838 
prepyramidal,  838 
of  cerebrum,  867 
calcarine.  869 
callosal.  873.  876 
collateral,  869 
development  of,  131 
external  rhinal,  128 
fimbriodentate,  875,  887 
hippocampal,  130,  814 
interlobular,  867 
lateral,  130,  867 
longitudinal,  865  . 


Fissure  or  Fissures  of  cerebrum, 
parietooccipital,  868 
of  Rolando,  868 
of  Sylvius,  867 
transverse,  889 

choroidal,  135,  888 

circuminsular,  869 

congenital,  of  cranium,  255 

dentate,  874 

Glaserian.  238,  1040 

of  liver,  longitudinal,  1194 
transverse,  1194 

longitudinal,  great,  865 

of  lungs,  1104 

of  medulla  oblongata.  822 

orbital,  inferior,  284.  288 
superior,  249,  288,  290 

petrodccipital,  280,  291 

petrosphenoidal,  280 

petrotympanic,  238,  280,  1049 

pterygoid,  250 

pterygomaxillary,  284 

of  Rolando,  868 

sphenomaxillary,  284 

of  Sylvius.  867 

tympanomastoid,  280 

vestibular,  1060 
Fixation  of  kidney,  1209 

of  muscles,  462 
Flat  bones,  196 

Flechsig,  cerebellar  tract  of,  816, 
828 

oval  area  of,  818 
Flexor  accessorius  muscle,  589 

brevis    minimi    digiti    muscle, 
554,  590 

carpi  radialis  muscle,  537 
ulnaris  muscle,  538 

digiti  quinti  brevis  muscle  of 

foot,  590 

of  hand,  554 

digitorum  brevis  muscle,  588 
longus  muscle,  581 
profundus  muscle,  540 
sublimis  muscle,  539 

hallucis  brevis  muscle,  589 
longus  muscle,  581 

pollicis  brevis  muscle,  553 
longus  muscle,  540 
Flexure,  cervical,  121 

colic,  left,  1180 
right,  1180 

hepatic,  1180 

pontine,  121 

splenic,  1180 

ventral  cephalic,  121 
Floating  ribs,  221 
Floccular  fissure,  125 
Flocculus,  839 

Floor  of  fourth  ventricle,  847 
Floor-plate,  117 
Fluid,  cerebrospinal,  905 
Fluids,  circulating.  61 
Fold  or  Folds,  amniotic,  96 

ary  epiglottic,  1085 

caudal,  92 

cephalic,  92 

duodenojejunal,  1159 

epigastric,  1187 

gastropancreatic,  1156 

gloBsoepiglottic.  1082,  1126 

ileocecal.  1160 

malleolar.  1050 

rectouterine,  1250 

sacrogenital,  1153,  1250 

salpingopalatine,  1139 

salpingopharyngeal,  1139 

transverse,  of  rectum,  1183 

of  Treves,  1160 

umbUical,  1187,  1221,  1222 

ventricular,  of  larynx,  1085 

vestigial,  of  Marshall,  159.  603 

vocal,  of  larynx,  1086 
Folium  cacuminis,  838 

vermis,  838 


Follicle  of  hair,  1076 
Follicles,  agminated,  1175 

Graafian,  or  vesicular  ovarian, 
1245 
Fontana,  spaces  of,  1021 
Fontanelles,  294 
Foot,  arches  of,  459 

fascia  of,  586 

muscles  of,  586 

dissection  of,  587,  588 

ossification  of  bones  of,  374 

phalanges  of,  articulations  of, 
459 

skeleton  of,  362 

applied  anatomy  of,  375 

surface  anatomy  of,  1325 

Foramen,  caroticoclinoid,  249, 290 

cecum  of  frontal  bone,  235 
of  medulla  oblongata,  822 
of  tongue,  165,  1126 

condyloid,  anterior,  229 

epiploicum,  170,  1155 

of  Buschke,  244,  245 

incisive,  261,  278 

infraorbital,  257,  286 

interventricular,  865,  887 

intervertebral,  197 

jugular,  280,  291 

lacerum,  280,  291 

magnum^^27,  230,  288,  291 

Mafemlii,  83r 

mandibular,  272 

mastoid,  239,  282 

mental,  271,  286 

of  Monro,  865,  887 

obturator,  339 

optic,  246,  250,  290 

ovale  of  heart,  149,  616 
of  sphenoid.  248,  280,  291 

palatine,  278 

parietal,  277 

rotundum,  248,  291 

sciatic,  406 

singulare,  242 

sphenopalatine,  267 

spinosum,  248,  280,  291 

sternal,  220 

stylomastoid,  243,  280 

supraorbital,  235,  286,  2S8 

supratrochlear,  313 

thyroid,  339 

trans  versarium,  198 

vena-caval,  497 

vertebral,  197 

Vesalii.  248,  291 

of  Winslow,  170,  689,  1155 

zygomaticofacial,  263,  286 

zygomaticoorbital,  264 

zygomaticotemporal,  263,  282 
Foramina,  ethmoidal,  287 

intervertebral,  197 

for  olfactory  nerves,  252 

in  roof  of  fourth  ventricle,  847 

sacral,  206,  208 

of  Scarpa,  261.  278 

of  Stensen,  261,278 

Thebesii,  608 

venarum  minimarum,  608 
Forceps,  anterior,  877 

posterior,  877 
Forearm,  fascia  of,  536, 

muscles  of,  536 

dissection  of,  536,  539,  542 
Forebrain,  90,  125,  855 
Foregut,  92,  162 
Foreskin,  1239 
Form    of    embryo    at    different 

stages,  191 
ForrruUio  oriaea,  833 

of  medulla  spinalis,  809 

reticular^  alba,  833 
Fornicolumns,  886 
Fornix  of  brain,  885 
body  of,  886 
columns  of,  886 
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Fornix  of  brain,  crura  of,  887 

development  of,  131 

pillars  of,  886,  887 
-  of  conjunctiva,  1041 
Fossa  or  Fossee,  acetabular,  339 
anticubital,  672 
canine,  257 
cecal,  1159,  1160 
cochlearis,  1058 
condyloid,  230,  281 
coronoid,  313 
cranii  anterior,  288 

media,  290 

poaierior,  291 
digastric,  239 
digital,  of  epididymis,  1231 

of  femur,  347 
for  ductus  venosud,  1 194 
duodenal,  1158 
duodenojejunal,  1159 
femoral,  712 
for  gall-bladder,  1194 
glenoid,  238 
hyaloid,  1030 
hypophj^seos,  246,  290 
ileocecal,  1159,  1160 
iliac.  335 
incisive,  256,  271 
incudis,  1052 

for  inferior  vena  cava,  1194 
infraspinatous,  305 
infratemporal,  283 
infraiemporalis,  283 
intercondyloid,  of  femur,  349 

of  tibia,  356 
interpNeduncular,  848,  865 
intersigmoid,  1160 
ischiorectal,  515 
ischiorectalis,  515 
jugular,  243 
lacrimal,  235,  286 
of  liver,  1194 

mandibular.  238,  280,  283 
mastoid,  238 
nasal,  1010 
navicularia  [urethra],  1226 

[vulva],  1257 
occipital,  inferior,  292 
olecranon,  313 
ovalis  of  fascia  lata,  564 

of  heart,  608 
ovarian,  1154,  1244 
pararectal,  1153 
paravesical,  1153 
pericecal,  1159 
peritoneal.  1157 
popliteal,  718 
pterygoid.  250 
pterygopalatina,  284 
pterygopalatine,  284 
radial.  312 
retroceoal.  1160 
retroperitoneal,  1157 
rhomboid,  847 
rhomboidea,  847 
of  Rosenmliller,  1138.  1139 
sagittalis  sinistra  [liver],  1194 
scaphoid,  250,  278 
of  skull,  anterior,  288 

middle,  290 

posterior,  291 
sphenomaxillary,  284 
subarcuate,  242 
subscapular,  304 
supraspinatous.  305 
supratonsillar,  1139 
Sylvian,  131 
temporal.  282 
temporalis,  282 
triangularis,  1044 
trochanteric,  347 
for  umbilical  vein,  1194 
venae  cavae,  1194 
vermian,  228 
vesicae  felleae,  1194 


Fossa     or     Fossae,     zygomatic, 

272 
Fountain  decussation  of  Meynert, 

854 
Fourchette,  1257 
Fourth  metacarpal  bone,  330 

metatarsal  bone,  372 

nerve.  913 

ventricle,  845 
floor  of,  847 
Fovea  capitis  femoris,  345 

centralis  retinae,  1026,  1029 
structure  of,  1029 

dentis,  199 

femoral,  1187 

inguinal.  1187 

of  rhomboid  fossa,  848 

supravesical,  1187 

trochlear.  235,  286 
Foveolae,  Howship's,  52 
Fracture  of  bones  of  foot,  375 
of  hand,  332 

of  clavicle.  303 

of  femur,  353,  592 

of  fibula.  593 

of  humerus,  313.  557 

of  mandible.  300 

of  maxilla,  300 

of  nasal  bone,  300 

of  olecranon,  321,  5,58 

of  patella,  355,  593 

of  pelvis,  344 

Pott's,  593 

of  radius,  321,  558 

of  ribs,  225 

of  scapula,  309 ' 

of  skuU,  297 

of  sternum,  225 

of  tibia,  361,  593 

of  ulna.  321,  558 

of  zygomatic  arch,  300 
Free  nerve-endinprs,  1069 
Freely  movable  joints,  381 
Frenula  of  colic  valve,  1 179 

of  lips,  1110 
Frenulum  of  clitoris.  1257 

of  labia  minora,  1257 

linguse,  1126 

of  prepuce,  1239 

veli,  853 
Frontal  air  sinuses,  235,  1014 

artery,  650 

bone,  233 

articulations  of,  237 
orbital  or  horizontal  part  of. 

235 
ossification  of.  237 
squama  of,  234 
structure  of,  236 

convolution,  ascending,  869 

crest  235 

eminences.  234,  278,  282 

gyri,  869,  870 

lobe,  869 

nerve,  916 

operculum,  873 

process  of  maxilla,  260 

sulci,  869 

suture,  234,  278 

vein,  732 
Frontoethmoidal  suture,  288 
Frontomaxillary  suture,  287 
Frontonasal  duct,  236 

process.  111 
Frontopontine  fibres,  850 
Frontosphenoidal  process  of  zygo- 
matic bone,  264 
Fundiform    ligament    of    penis, 

1239 
Fundus      glands      of      stomach, 
1163 

tympani,  1049 

of  uterus,  1249 
Fungiform    papillae    of    tongue, 

1128 


Funinculi  of  medulla  spinalis,  814, 

815 
Funiculus  separans,  848 

spermaiicus,  1229 
Furcal  nerve,  975 
Furcula,  164, 177 
Furrow,  chordal,  91 

dental.  1122 
'      iliac.  1213 

nasooptic,  112,  137 

sternal.  1208 
Furrowed  band  of  cerebellum,  839 
Fusiform  gyrus,  871,  872 


Galea  aponeurotica,  466 
Galen,  veins  of,  740 
Gall-bladder,  1199 

applied  anatomy  of,  1201 

fossa  for,  1194 

lymphatic  vessels  of,  793 

structure  of,  1199 
Ganglia  ted  cord,  995 
Ganglion  or  Ganglia,  803 

aorticorenal,  1()03 

cardiac,  of  Wrisberg,  1002 

carotid,  996 

cervical,  997,  998 

cervicale  inferius,  998 
medium,  997 
superius,  997 

cUiare,  917 

ciliary,  917 

cceliac,  1002 

coeliaca,  1002 

collateral,  995 

of  Corti,  1060.  1068 

Gasserian,  914 

genicular,  930 

geniculi,  930 

of  glossopharyngeal,  937 

habenulae,  859 

impar,  1001 

inferior,  939 

interpeduncular,  848,  851 

jugular,  938,  941 

jugulare,  941 

Langley's,  1138 

lenticular,  917 

Meckers,  919 

nodosum,  941 

ophthalmic,  917 

otic.  924 

oticum,  924 

petrosum,  939 

petrous,  939 

phrenicum,  1004 

ridge  or  neural  crest,  88,  120 

of  Scarpa,  1068 

semilunar,  of  abdomen,  1002 
of  trigeminal  nerve,  914 

semilunare  [Gasseri],  914 

sphenopalatine,  919 

sphenopalatinum,  919 

rami  nasales   posteriores  in- 
ferior es,  921 
superiores,  921 
orbitales,  920 

spinal,  948 

apinale,  948 

spiral,  of  cochlea,  1068 

splanchnicum,  999 

submaxillare,  925 

submaxillary,  925 

superior,  of    glossopharyngeal, 
938 
mesenteric,  1004 

superius,  938 

of  vagus,  940 

vestibular,  1068 

of  Wrisberg,  1002 
Ganglionic     arterial     system    of 
brain,  654 
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GangUonic       arteries,       antero- 
lateral, 653 
antero-medial,  652 
postero-lateral,  662 
postero-medial,  ^53,  662 

layer  of  retina,  1028 
Gartner,  duct  of,  182,  1245 
Gaaserian  ganglioh,  914 
Gaster,  1161 
Gastric  arteries,  short,  691 

artery,  left,  688 
right,  689 

glands,  1166 

impression,  1192 

lymph  glands,  788 

nerves  from  vagus,  943 

plexuses     from     sympathetic, 
1004 
from  vagus,  943 

veins,  short,  766 
Gastrocnemius  muscle,  578 
Gastrocolic  ligament,  1152 

omentum,  1157 
Gastroduodenal  artery,  690 
Gastroepiploic  arteries,  690,  691 

veins,  766 
Gastrohepatic  omentum,  1156 
Gastrolienal  ligament,  1155 
Gastrophrenic  ligament,  1163 
Gemellus  inferior  muscle,  573 

superior  muscle,  573 
General     sensations,     peripheral 

terminations  of  nerve  of,  1069 
Generation,  development  of  ex- 
ternal organs  of,  190 
Genicular  arteries,  718,  720,  721 

ganglion  of  facial  nerve,  930 
Geniculate  bodies,  858 
Geniculum  of  facial  nerve,  930 

of  internal  capsule,  883 
Genioglossus  muscle,  1129 
GeniohyoglossuB  muscle,  1129 
Geniohyoid  muscle,  481 
Geniohyoideus  muscle,  481 

dissection  of,  481 
Genital  cord,  184 

corpuscles,  1069 

organs  of  female,  1243 
external,  1256 
of  male,  1228 

glands,  184 

ridge,  184 

swellings,  190 

tubercle,  190 
Genitocrural  nerve,  977 
Genitofemoral  nerve,  977, 
Gennari,  band  of.  891,  893 
Genu  of  corpus  callosum.  876 

of  internal  capsule,  883 
Gerlach,  tube  tonsil  of,  1053 
Germ,  dental,  1121,  1122 
Germ  centres,  770 
Germinal  cells,  77 

epithelium,  184,  1245 

path,  185 

spot,  77 

vesicle,  77 
Giacomini,  band  of,  875 
Giant  cells,  51 

of  Betz,  891 
Gianuzzi,  crescents  of,  1137 
Gimbernat's  ligament,  502 
Oingivae,  1111 
Ginglymus,  382 
Girald^s,  organ  of,  1236 
Girdle  of  inferior  extremity,  301 

pelvic,  301 

shoulder,  301 

of  superior  extremity,  301 
GlabeUa,  234,  278,  296 
Gladiolus,  218 

Gland    or   Glands,   accessor^',  of 
mouth,  1138 
part  of  parotid,  1134 

anterior  lingual  ,1131 


Gland  or  Glands,  areolar,  1258 

arytenoid,  1091 

of  Bartholin,  1258 

of  Blandin,  1131 

of  Bowman,  1012 

Brunner's,  1175 

buccal,  1111 

bulbourethral,  1243 

carotid,  1273 

ceruminous,  1047 

ciliary,  1039 

coccygeal,  1273 

Cowper's,  1243 

ductless,  1260 

duodenal,  1175 

gastric,  1166 

genital,  184 

intestinal,  1174 

labial,  1110 

lacrimal,  1041 

of  larynx,  1090 

lenticular,  of  stomach,  1 166 

of  Littr6,  1226 

Luschka's,  1273 

mammse,  1258 

mammary,  1258 

Meibomian,  1040 

molar,  1111 

of  Nuhn,  1131 

oesophageal,  1146 

palatal,  1112 

parathyroid,  1263 

parotid,  1133 

Peyer's,  1175 

preputial,  1239 

prostate,  1241 

salivary,  1133 

sebaceous,  1078 

solitary,  1175 

sublingual,  1137 

submaxillary,  1135 

sudoriferous,  1078 

suprarenal,  1270 

sweat,  1078 

tarsal,  1040 

thymus,  1264 

thyroid,  1261 

of  tongue,  1131 

trachoma,  1041 

urethral,  1226 

uterine,  1252 

vestibular,  greater,  1258 
Glandula  lacTinudia,  1041 

sublingiuilis,  1137 

aybmaxiiiaTis,  1135 

thyreaidea,  1261 

vestibularis  major   [Bart?iolini\, 
1258 
Glandulae  huJhourethrales,  1243 

duodenales  [Brunnert],  1 175 

intestinales  [Lieberkuhni],  1174 

labiates,  1110 

oesophageae,  1146 

Pacchioni,  905 

parotis,  1133 

seba/ieae,  1078 

sudoriferae,  1078 

suprarenales  accessoriae,  1271 

suprarenalis,  1270 

tarsales  [Meibomi],  1040 

thyreoideae  accessoriae,  1262 
Glandular  epithelium,  37 
Glans  clitoridis,  1257 

perils,  1238 
Glaserian  fissure,  238,  1049 
Glenohumeral  ligaments,  415 
Glenoid  cavity,  307 

fossa,  238 

ligament   of  Cruveilhier,   430, 
459 
of  shoulder,  415 
Glenoidal    labrum    of    hip-joint, 
434 
of  shoulder- joint,  415 
Gliding  joints,  382 


Gliding  movement,  383 
Glisson's  capsule,  1156,  1196 
Globular  processes  of  His,  111 
Ololms  major  [epididymis],  1231 
minor  [epididymis],  1231 
pallidus,  882 
'  Glomera  carotica,  1273 
I  Glomus  coccygeum,  1273 
I  Glossoepiglottic  folds,  1082,  1126 
Glossopalatine  arch,  1112 
Glossopalatinus     muscle,     1114, 
I      1129  noU 

Glossopharyngeal  nerve,  937 
Glottis  respiratoria,  1087 
,  vocalis,  1087 

rima  of,  1087 
Glutaeus  maximus  muscle,  569 
'      medius  muscle,  570 

minimus  muscle,  570 
Gluteal  artery,  inferior,  706 
I  superior,  707 

I      lines  of  ilium,  333 

muscles,  569 
I      nerve,  inferior,  985 
I  superior,  984 

region,   muscles  of,   dissection 
I  of,  569,  572 

I      tuberosity,  348 
,      veins,  760 
I  Gnathic  index,  296 
I  Goblet  cells,  37 
Golgi.  cells  of,  892 
I      organs  of,  1070 
Golgi  and  Mazzoni,  corpuscles  of, 

1069 
'  GoU,  tract  of,  808,  817 
Gomphosis,  381 
Gonion.  296 
I  Gower's,  tract  of,  816 
Graafian  follicles,  1245 
'  structure  of,  1245 

;  Gracile  nucleus,  824 
,>  Gracilis  muscle,  567 
'  Grandry,    tactile   corpuscles    of, 
!      1069 

Granular  layer  of  dentin,  1119 
GranuXationes  ararhnoideales,  905 
Granulations,  arachnoid,  905 
Granule  cells,  41 
Gray  commissure  of  brain,  856 
commissures  of  medulla  spinalis, 

810 
or  gelatinous  nerve  fibres,  76 
substance  of  cerebellum,  842 
of  cerebral  hemispheres,  891 
of  medulla  oblongata,  829 
spinalis,  809 
I  Great  auricular  nerve,  956 

cardiac  nerve,  997 
'  vein,  730 

I      cerebral  vein,  740 

longitudinal  fissure,  865 
omentum,  1157 
sacrosciatic  ligament,  404 
I      saphenous  vein,  656 
splanchnic  nerve,  998 
transverse  fissure  of  brain,  889 
wings  of  sphenoid,  248 
Greater  cavernous  nerve,  1005 
curvature  of  stomach,  1162 
I      multangular  bone,  326 

occipitaj  nerve,  951 
'      omentum,  1157 

palatine  foramen,  278 
pelvis,  340 
'      peritoneal  sac,  1150 
I      sciatic  foramen,  406 

notch,  336 
'      sigmoid  ca\aty,  315 
I      superficial  petrosal  nerve,  919, 
I  931 

trochanter,  347 
;      vestibular  glands.  190,  1258 
Groove,  atrioventricular.  604 
auriculoventricular,  604 
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GrooVe,  bicipital,  311 
carotid,  247,  290 
chiasmatic,  246,  290 
costal,  222 
infraorbital,  258 
interatrial,  604 

intertubercular,  of  humerus.Sl  1 
lacrimal,  258.  287 
musculospiral,  311 
mylohyoid,  272 
neural,  88 
obturator,  339 
occipital,  239 
optic,  246 
primitive,  86 
pterygopalatine,  250 
for  radial  nerve,  311 
vertebral,  214 
Gubemaculum  dentis,  1 124 

testis,  186 
Gudden,  commissure  of,  909 
GuUet,  1140 
Gums,  1111 

applied  anatomy  of,  1112 
Gustatory  calyculi,  1007 
cells,  1007  • 
hair,  1008 
pore,  1007 
Gyre,  medifrontai,  870 
precentral,  869 
subfrontal,  870 
superfrontal,  869 
Gyri  of  brain,  869 

angular,  871 

of  Broca,  870 

central,  anterior,  869 
posterior,  871 

cingulate,  874 

ouneus,  871 

dentate,  875 

frontal,  869,  870 

fusiform,  871,  872 

hippocampal,  874 

of  insula,  873 

of  limbic  lobe,  873 

lingual,  871 

occipital,  871 

orbital,  870 

precuneus,  871 

quadrate,  871 

straight,  870 

subcallosal,  875 

superior  parietal  lobule,  871 

supracallosal,  875 

supramarginal,  871 

temporal,  872 
transverse,  of  Heschl,  872 

uncus,  874 
Gyrus  centralis  anterior,  869 

posterior,  871 
drifftUi,  873 
dentatus,  875 
epicallosus,  875 
frontalis  inferior,  870 

medius,  870 

superior,  869 
hippocampi,  874 
marginal,  870 
aitbcaUostis,  875 


Habenular  commissure,  859 
Hair  cells  of  spiral  organ  of  Corti, 

1067 
Hairs,  1075 

cuticle  of,  1077 

follicle  of,  107 

gustatory 

olfactory. 

roots  of,  107^. 

scapus  or  shl 

structure  of, 
Haller,  vqs  abe 


I,   lU/  / 

f,  107U _ 


Hamate  bone,  328 
Hamstring  muscles,  574 

tendons,  applied  anatomy  of, 
575 
Hamulus  of  hamate  bone,  328 
lacrimal,  263 
laminae  spiralis,  1060 
pterygoid,  250,  278 
Hand,  muscles  of,  546 
dissection  of,  546 
phalanges  of,  articulations  of, 

431 
skeleton  of,  323 
surface  anatomy  of,  1315 
.  markings  of,  1318 
Hard  palate,  1112 
Harrison's  sulcus,  226 
Hasner,  plica  lacrim^is  of,  1042 
Hassal,  corpuscles  of,  1265 
Haversian  canals  of  bone,  53 

systems  of  bone,  53 
Head,  arteries  of,  626 
lymphatics  of,  774 
muscles  of,  464 
veins  of.  732 
Head-cap  of  spermatozoon,  81 
Hearing,  organ  of,  1043 
Heart,  603 

applied  anatomy  of,  614 
arteries  of,  614 

atrioventricular  bundle  of  His, 
614 
node,  614 
atrium,  left,  610 

right,  606 
component  parts  of,  604 
development  of,  143-145 
endocardium,  613 
fibres  of  atria,  614 

of  ventricles,  614 
fibrous  rings  of,  613 
lymphatic  vessels  of,  798 
nerves  of,  615 
sinoatrial  node  of,  614 
size  and  weight  of,  604 
structure  of,  613 
suriace  marking  of,  1299 
trigonum  fibrosum,  613 
veins  of,  730 
ventricle,  left,  611 
right,  608 
Heidenhain,  demilunes  of,  1 137 
Height  index  of  skull,  296 
Helicine  arteries,  1240 
Helicis  major  muscle,  1045 

minor  muscle,  1045 
Helicotrema,  1060 
Helix,  1044 
Hemiazygos  vein,  753 

accessory,  753 
Hemispheres,  cerebellar,  836 

cerebral,  865 
Hemorrhoidal     artery,     inferior, 
704 
middle,  701 
superior,  696 
nerve,  inferior,  991 
plexuses  of  nerves,  1005 
vein,  middle,  760 

superior,  766 
venous  plexus,  761 

applied  anatomy  of,  761 
'  Henle,  loop  of,  1212" 
I  Henle's  layer  of  hair  follicle,  1077 
!  Hensen,  canalis  reuniens  of,  1064 
I      knot  of,  86 
'      lines  of,  66 

stripe  of,  1067 
i      supporting  cells  of,  1067 
^Jispar,  1191 

Qsa  [Glissoni],  1197 


Hepar,  tunica  serosa,  1197 
Hepatic  artery,  689 

branches  of  vagus  nerve,  943 

cells,  1197 

cylinders,  174 

duct,  1199 

flexure  of  colon,  1180 

lymph  glands,  788 

plexus,  1004 

veins,  764 
Hepatoduodenal  ligament,   1151, 

1156 
Hepatogastric     ligament,     1151, 

1156 
Hepatorenal  ligament,  1151 
Herbst,  corpuscles  of,  1069 
Hernia,  complete  congenital,  1188 

femoral,  1189 

into  funicular  process,  1 188 

inguinal,  1187 
direct,  1188 
oblique,  1187 

scrotal,  1187 
Herophilus,  torcular  of,  743 
Heschl,  gyri  of,  872 
Hesselbach,     interfoveolar    liga- 
ment of,  505 

triangle  of,  1187,  1309 
Hiatus,  aortic,  495 

of  facial  canal,  241 

oesophageal,  496 

semilunaris,  293,  1011 
Higher  or  cortical  visual  centres, 

864,909 
Highest  intercostal  artery,  666 
veins,  753 

nuchal  line,  227 

thoracic  artery,  670 
Highmore,  antrum  of.  259,  1015 
Hilus  of  kidney,  1209 

of  lung,  1102 

of  spleen,  1266 
Hind-brain,  122,  821 
Hind-gut,  92,  162 
Hinge-joint,  382 
Hip  bone,  333 

articulations  of,  340 
ossification  of,  340 
structure  of,  340 
suriace  anatomy  of,  1324 
Hip-joint,  432 

applied  anatomy  of,  437 

movements  of.  435 

muscles  in  relation  with,  435 

suriace  marking  of,*  1330 
Hippocampal  commissure,  886 

fissure.  130,  874 

gyrus,  874 
Hippocampus,  130,  880 

major,  880 
His,  atrioventricular  bundle  of, 
614 

globular  processes  of.  111 
Holoblastic  ova,  84 
Horizontal  cells  of  retina,  1028 

part  of  palatine  bone,  266 

semicircular  canal,  1059 

sulcus  of  cerebellum,  837 
Houston's  valves  of  rectum,  118" 
Howship's  foveolse,  52 
Huguier,  canal  of,  238,  93? 
Humeral  articulation,  4 1 " 
applied  anatomy 
bursffi  in  relatior. 
movements  of,  4"' 
vessels  and  nerv  1 195 

circumflex  arterie 
Humerus,  309  399 

applied  anatomof  elbow-joint, 

articulations  of, 

ossification  of,  31,  426 

structure  of  ,'3 13 

suriace  anatomy 
Humor,  aqueous  t-ynx ,  1085 
Hunter's  canal 
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Buschke,  auditory  teeth  of,  1065 

foramen  of,  244,  245 
Huxley's    layer  of    hair   follicle, 

1077 
Hyaline  cartilage,  47 

cell,  63 
Hyaloid  canal,  1030 
fossa,  1030 

membrane  of  eye,  1030 
Hyaloplasm,  34 

Hydatid  of  Morgagni,  182,  1231, 
1247 
pedunculated,   of    epididymis, 
1231 
Hymen,  1257 

Hyoepiglottic  ligament,  1083 
Hyoglossal  membrane,  1132 
Hyoglossus  muscle,  1129 
Hyoid  arch,  109 
arteries,  631,  632 
bone,  275 

applied  anatomj'  of,  277 
body  of,  275 
comua  of,  275 
ossification  of,  277 
Hyothyroid  ligaments,  1082 

membrane,  1082 
Hyparterial  bronchi,  1092,  1105 
Hypochondriac  regions,  1147 
Hypochordat  bar  or  brace,  104 
Hypogastric  artery,  700 

applied  anatomy  of,  701 
branches  of,  701 
in  fetus,  616 
obliterated,  700 
peculiarities  of,  700 
lymph  glands,  786 
plexus,  1005 
region,  1147 
vein,  760 
Bone,  1147 
Hypoglossal  nerve,  945 

applied  anatomy  of,  947 
nucleus  of,  829 
Hypophysis  cereln-i,  166,  861 
applied  anatomy  of,  862 
development  of,  166 
lobes  of,  862 
structure  of,  861 
Hypothalami,  pars  mamiUaria,  127 

optica,  128 
Hypothalamus,  860 

corpora  mamiUaria,  860 
hypophysis  or   pituitary  body, 

861 
infundibulum,  861 
optic  chiasma,  862 
subthalamic  tegmental  region, 
860 
corpus  subthalamicum,  or 

nucleus  of  Luys,  860 
stratum  dorsale,  860 
zona  inccrta,  860 
tuber  cinerum,  861 
Hypothenar  eminence,  546 


ocECAL  fossse,  1159 

Gianu.1160 

GimbenfiFter>-.  693 

Gingivae,  lig^^s,  789 

Ginj^ymuf*^ 

Girald^s,ol  ,      .  „_ 

Girdle  of  intyesJH'ls  of,  792 
pelvic.  30iconiinon,  698 
shoulder,  S^J}^^^?y^i'  ^00 
of  superior  e^^^^,  9^ '  ^00 

Glabella.  234.,'"^rkmgs  of,  1309 

Gladiolus,  21/0^  .  ,  _^ 

Gland   or   GK^^*  9°^^  of- ^2^ 
mouth, "*^*^*^88  <^f'  1309 
part  of  pari  .  t  ^r., 

anterior  lingualtomy  of,  701 


Iliac  arteries,  internal,  peculiar- 
ities of,  700 
I      circumflex  artery,  deep,  710 
applied  anatomy  of,  710 
'  peculiarities  of,  709 

'      superficial,  716 
I  vein,  deep,  760 

I  superficial,  756  * 

colon,  1181 
;      fascia,  560 

fossa,  335 

furrow,  1301 
i      lymph  glands,  786 

region,  1147 

muscles  of,  dissection  of,  559 
'      spines,  336 
I      tuberosity,  335 
I      vein,  common,  762 

peculiarities  of,  762 
external,  759 
internal,  760 
Iliacus  muscle,  561 
I  fascia  of,  560 

,  Iliococcygeus  muscle,  513 
Iliocostalis  cervicis  muscle,  488 
!      dorsi  muscle,  488 

lumborum  muscle,  488 
I  Iliofemoral  ligament,  433 
I  Iliohypogastric  nerve,  976 
I  Ilioinguinal  nerve,  977 
Iliolumbar  artery,  706 

ligament,  404 
I      vein,  762 

I  Iliopectineal  eminence,  336 
I      fascia,  560 
,  Iliosacralis  muscle,  514 
Iliotibial  band  or  tract,  563 
I  Uiotrochanteric  ligament,  433 
'  Ilium,  333 
I      ala  of,  333 
I      body  of,  333 

crest  of,  336 
I      dorsum  of,  333 
I      gluteal  lines  of,  333 

spines  of,  336 
'  Imbedding    or    implantation    of 
I      ovum,  97 

Immovable  articulations,  380 
'  Impression,  colic,  1192 

duodenal,  1192 

gastric,  1192 
i      renal,  1192 
,      rhomboid,  303 

suprarenal,  1194 
I      trigeminal,  241 
I  Incisive  bone,  262 
'      canals.  261,  278 
I      foramen,  261,  278 

fossa,  256,  271 
'      teeth,  1117 
I  Incisor  crest,  261 

teeth,  1117 
Incisura  angularis,  1162 

apicis  cordis,  605 

cardiaca,  1162 
'      fastigii,  125 
I      radialis,  318 
I      semilunaris,  315 

temporalis,  874 
I      tentorii,  901 

I  Incremental  lines  of  Salter,  1120 
Incus,  1054 
,      crus  breve,  1054 
longum,  1054 

development  of,  141 
I      ligaments  of,  1055 

process  of.  long,  1054 
'  short,  1054 

I  Index,  cephalic  or  breadth,  296 
I      gnathic  or  alveolar,  296 
I      nasal,  296 
.      orbital,  296 

vertical  or  height,  296 
'  Indusium  grisrum,  875 
'  Inferior  articular  arteries,  721 


Inferior  articulation,  423 

calcaneonavicular    ligament, 
455 

cerebellar  peduncles,  841 

constrictor  muscle,  1141 

dental  artery,  640 
nerve,  923 

ganglion.  939,  941 

larytigeal  nerve,  942 

longitudinal  sinus,  741 

maxillary  nerve,  921 

medullary  velum,  842 

oblique  muscle,  1036 

profunda  artery,  674 

pubic  ligament,  407 

quadrigeminal  body,  854 

tarsal  plate,  1039 

thyroarytenoid  ligaments,  1086 

vocal  cords,  1086 
InfraclaWcular  branches  of  bra- 
chial plexus,  960 
Infracostales  muscle,  492 
Infraglenoid  tuberosity,  307 
Infrahyoid  artery,  631 

muscles,  480 

dissection  of,  482 
Infraorbital  ut«ry,  641 

canal,  258 

foramen,  257,  286 

groove,  258 

nerve,  917  note 

plexus  of  nerves,  919 
Infrapatellar  pad  of  fat,  443 
Infrascapular  artery,  671 
Infraspinatous  fascia,  533 

fossa,  305 
Infraspinatus  muscle,  533 
Infrasternal  notch,  1295 
Infratemporal  crest,  248,  282 

fossa,  283 

surface  of  maxilla,  257 
Infratrophlear  nerve,  916 
Infundibuliform  fascia^  508 
Infundibulopelvic  ligament,  1251 
Infundibulum  of  brain,  861 

of  ethmoid  bono,  254, 294, 1011 
Inguinal  aponeurotic  falx,  505 

canal,  508 

glands,  783 

applied  anatomy  of,  784 

hernia,  1 187 

ligament,  502 
reflected,  502 

regions,  1147 

ring,  abdominal,  508 
subcutaneous,  499 
Inion,  284,  296 
Inlet  of  pelvis,  340 
Inner  ceU-mass,  84 
Innominate  artery,  625 

applied  anatomy  of,  626 

bone,  333 

articulations  of,  340 
ossification  of,  340 

veins,  751 

peculiarities  of,  751 
Inscriptions,  tendinous,  of  rectus 

abdominis,  506 
Insertion  of  muscles,  462 
Insula,  873 

circular  sulcus  of,  873 

development  of,  873 

gyri  of,  873 

opercula  of,  873 
Integument,  common,  1071 
Interalveolar  cell-islets,  1205 
Interarticular    costocentral    liga- 
ments. 397 

fibrocar  til  ages.  49 

sternocostal  ligaments,  400 
Interatrial  groove,  604 
Intercalatum,  850 
Intercapitular  veins,  747,  756 
Intercarpal  articulations,  427 
movements  of,  428 
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Ligament  or  Ligaments,  alar,  393 
of  ankle,  450,  451 
annular,  of  ankle,  584,  585 

of  radius,  422 

of  stapes,  1055 

of  wrist,  647,  550 
anterior,  426 

inferior,  448 

longitudinal,  384 

superior,  398,  448 
apical  odontoid,  393 
arcuate,  495 
atlantoaxial,  389 
atlantodccipital,  392 

membrane,  posterioi*,  392 
of  auricula  or  pinna,  1044 
of  Bertin,  433 
bifurcated,  454,  455 
of  Bigelow,  433 
of  bladder,  1221 
broad,  of  uterus,  1250 
oalcatteoastragaloid,  452,  453 
calcaneocuboid,  454 
calcaneofibular,  451 
calcaneonavicular,  plantar,  455 
calcaneotibial,  450 
capsular.  See  Individual  Joints, 
caroticoclinoid,  251 
carpometacarpal,  429 
of  carpus,  427,  428 
central,  of  medulla  spinalis,  907 
check,  393 

of  eye,  1038 
chondrosternal,  399 

intra-articular,  400 
chondroxipboid,  401 
common,  anterior,  384 

posterior,  385 
conoid,  412 
of  Cooper,  502 
coracoacromial,  413 
coracoclavicular,  412 
coracohumeral,  415 
coronary,  of  knee,  442 

ofliver,  1150, 1151,  1195 
costoclavicular,  410 
costocoracoid,  528 
costotransverse,  397,  398 

middle,  399 

posterior,  399 
costovertebral,  anterior,  396 
costoxiphoid,  401 
cotyloid,  339,  434 
cricoarytenoid,  posterior,  1084 
cricotracheal,  1083 
crucial,  441 
cruciate,  of  atlas,  390 

crural,  584 

of  knee,  441 
cuboideonavicular,  457 
cuneocuboid,  457 
cuneonavicular,  455 
deltoid,  of  ankle-joint,  450 
dentate,  907 
digital  vaginal,  540 
dorsal  carpal,  550 

radiocarpal,  425 

radioulnar,  424 
ofelbow,418,419 
falciform,  of  liver,  1150,  1195 
fibular  collateral,  of  knee-joint, 

440 
fundiform,  of  penis,  1239 
gastrocolic,  1151 
gastrolienal,  1155 
gastrophrenic,  1163 
Gimbernat's,  502 
glenohumeral,  415 
glenoid,  414 

of  Cruveilhier,  430,  459 

of  shoulder-joint,  415 
glenoidal  labrum  of  hip-joint, 
434 
of  shoulder-joint,  415 
hepatoduodenal,  1151,  1156 


Ligament  or  Ligaments,   hepato- 
gastric, 1151,  1156 
hepatorenal,  1151,  1195 
of  Hesselbach,  505 
of  hip^ joint,  432 
h^oepiglottic,  1083 
iliofemoral,  432 
iliolumbar,  404 
iliotrochanteric,  433 
of  incus,  1055 
inferior  transverse  of  scapula, 

413 
infundibulopelvic,  1251 
inguinal,  502 

reflected,  502 
interarticular,  of  ribs,  397 

sternocostal,  400 
intercarpal,  427 
intercentral,  384 
interchondral,  401 
interclavicular,  410 
interclinoid,  251 
intercuneiform,  457 
interfoveolar,  505 
intermetacarpal,  430 
intermetatarsal,  458 
interosseous,  399 
interphalangeaJ,  431,  459 
interpubic       fibrocartilaginous 

lamina,  407 
interspinal,  387 
interspinous,  387 
interstemal,  401 
intertarsal,  452 
intertransverse,  387,  406 
intra-articular,  397 
ischiocapsular,  433 
of  knee-joint,  438 
laciniate,  585 
lacunar,  502 
of  larynx,  1082 
lateral  atlantodccipital,  392 

external,  394,  419,  426 

internal,  395,  418,  426 

of  uterus,  1250 
left  triangular,  ofliver,  1151 
of  left  vena  cava,  603 
long  plantar,  454 
of  Mackenrodt,  1251 
of  malleus,  1055 
medial  palpebral,  ^68 
metacarpophalangeal,  430 
metatarsophalangeal,  459 
middle  cricothyroid,  1083 
mucosum,  of  knee,  443 
of  neck  of  rib,  399 
nuchae,  387 
oblique  cord,  423 

popliteal,  439 

sacroiliac,  404 
oocipitoaxial,  393 
.    odontoid,  393 
orbicular,  422 
of  ovary,  1244 
palmar,  427,  429 
palpebral,  1039 
pectinate,  of  iris,  1021 
of  pelvis,  404 
phrenicocolic,  1157 
phrenicolienal,  1155 
phrenicopericardiac,  right,  762 
of  pinna  or  auricula,  1C^4 
plantar,  long,  454 
posterior,  426 

cricoarytenoid,  1084 

inferior,  448 

of  knee.  439 

longitudinal,  385 

superior,  448 
Poupart's,  502 
pterygomandibular,  471 
pterygospinous,  251,  477 
pubic,  407 
pubocapsular,  433 
pubofemoral,  433 


Ligament  or   Ligaments,   pulmo- 
nary, 1095,  1097 
quadrate,  423 

radial  collateral,  of  elbow-joint, 
419 
of  wrist-joint,  425 
radiate,  396 

sternocostal,  399 
of  radiocarpal  joint,  425 
radioulnar,  424 
reflected  inguinal,  502 
rhomboid,  410 
round,  of  liver,  1 195 

of  uterus,  1251 
.  sacrococcygeal,  406 
sacroiliac,  404 
sacrosciatic,  404,  405 
sacrospinous,  405 
sacrotuberous,  404 
of  scapula,  413 
of  shoulder-joint,  414 
sphenomandibular,  395,  477 
spinoglenoid,  413 
spiral,    of    ductus    cochlearis, 

1064 
stellate,  396 
sternoclavicular,  410 
sternocostal,  399 
stemopericardiac,  602 
of  sternum,  400 
structure  of,  379 
stylohyoid,  481 
stylomandibular,  395,  477 
subpubic,  407 
superficial    transverse    of 

fingers,  551 
superior  transverse  of  scapula, 

413 
suprascapular,  413 
supraspinal,  387 
supraspinous,  387 
suspensory,  of  axilla,  526 

of  eye,  1038 

of  lens,  1030 

ofliver,  1195 

of  mamma,  526 

of  ovary,  1244 

of  penis,  1239 
talocalcaneal,  452,  453 
talonavicular,  dorsal,  454 
talotibial,  450 
tarsometatarsal,  457 
of  tarsus,  452 
temporomandibular,  393 
tendo  oculi,  468 
teres,  of  hip,  454 
thyroarytenoid,  inferior,  1086 
thyroepiglottic,  1084 
thyrohyoid,  1082,  1083 
tibial  collateral,  of  knee-joint, 

439 
tibiofibular,  448 
tibionavicular,  450 
transversalis  colli^uteri,  1251 
transverse  acetabular,  434 

of  atlas,  389 

carpal,  547 

crural,  584 

humeral,  415 

inferior,  449 

of  knee,  442 

metacarpal,  430 

metatarsal,  458 

of  pelvis,  520 

of  scapula,  413 
trapezoid,  412 
triangular,  of  liver,  1 195 

of  urethra,  519 
of  tubercle  of  rib,  399 
ulnar  collateral,  of  elbow-joint, 
418 
of  wrist-joint,  426 
uterosacral,  1250 
of  uterus,  1250 
ventricular,  of  larynx ,  1085 
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Ligament  or  Ligaments  of  verte- 
brae, 384 
volar  carpal,  547 

metacarpophalangeal,  430 

radiocarpal,  426 

radioulnar,  424 
of  Wrisberg,  442 
of  wrist-joint,  425.  426 
Y-shaped,  of  Bigelow,  433 
of  Zinn,  1035 
I/igamenta    accessoria    platUaria, 

469 
aiaria,  393 

auricuktria  [VcdscUva],  1044 
basium  [oas.  metcLcarp.]  doraalia, 
430 
inierossea,  430 
volaria,  430 

[o88.  meUitars,]  dorsalia,  458 
interoaaea,  458 
planlaria,  458 
carpometacarpeae  doraaliay  429 

volaria,  429 
collateralia,  459 
coatoxiphoidea,  401 
cruciata  genu,  441 
cuneometa^araea  inieroaaea,  458 
inlercarpea  doraalia,  427 

interoaaea,  427 

volaria^  427 
iniercuneiformia  interoaaea,  457 

plantaria,  457 
inter apinalia,  387 
inteHranaveraaria,  387 
naotcuZancune^ormia   doraalia, 
456 

plantaria,  456 
OA^'cu/orum  auditua,  1054 
aternocoatalia  radiata,  399 
9u«peti«ona  [o/  mamma],  526 
taraometataraea  doraalia,  457 

plantaria,  458 
vocalea,  1086 
Ligamentous  action  of  muscles, 
383 
applied  anatomy  of,  383 
Z/i^mentum  acromioclavicular e, 

411 
annulare  Imaeoa  atapedia,  1055 

radit.  422 
arcua/um  pu&i8,  407 
arteriosum,  621 
&i(/uroa^m,  454 
ca^neocti6<mieum  doraale,  454 

2>tonlar6,  454 
ca2ca7)«o>!6u2are,  451 
coZcan^onancu^re  p^T^re,  455 
capituii    coatae    interarticulare, 
397 
rodioXum,  396 
capitulorum     [oaa.     metacarjja- 

lium]  inter oaaeum,  430 
car^n  doraale,  550 

^ran«t)er«itm,  547 

volare,  547 
coUaterale  fibulare,  440 

radiale,  419,  426 

ti&ioZe,  439 

ti^Tiare,  418,  426 
coUt  coatae,  399 
conoi<ieum,  412 
ayracoacromiale,  413 
coracodaviculare,  412 
coracohumerale,  414 
coronarium  hepaiia,  1195 
coaioclaviculare,  410 
coatotransversarium  anteriua, 
398 

poaterius,  398 
cricoarytaenoideumpoateritia, 

10S4 
cricolhyreoideum  medium,  1083 
cricotrachealc,  1083 
cruciatum  antcrius,  441 

poateriua,  441 


XrH^ar/ien/um     cuboideonaviculare 
doraale,  457 

p2antore,  457 
ddtoideum,  450 
denticuUUum,  907 
falciforme  hepaiia,  1195 
hyoepigloiticum,  1083 
hyothyreoideum  laierale,  1083 

meciium,  1082 
Uiofemorale,  433 
iliolumbale,  404 
incudia  poateriua,  1055 

auperit^f  1055 
tn{^ina/e  [Powrpar/i],  502 

reflexum  [CoUfri\,  502 
interclaviculare,  410 
iachiocapaulare,  433 
^cunare  [Gtm&ema/i],  502 
2ahim  pulmonia,  1097 

u/m,  1250 
longitvdinale  anteriua,  384 

poaieriua,  385 
mallei  anteriua,  1055 

laierale,  1055 

auperiua,  1055 
malleoli      later  alia      anteriua, 
448 
poaieriua,  448 
muco9um,  443 
nuchae,  587 
patellae,  439 
piarUare  longum,  454 
popliteum  ohliguum,  430 
pubicum  auperiua,  407 
pubocapaiUare,  433 
pt^monoZe,  1097 
rodiocarpdum  doraale,  426 

volare,  426 
8acrococc^(7eum  anteriua,  406 

laierale,  406 

;)05<miM,  406 
aacroiliacum  anteriua,  404 

interoaaeua,  404 

po«tenu«,  404 
aacroapinoaum,  405 
aacroiuberoaum,  404 
aphenomandibulare,  395 
atemodaviculare,  410 
atemocoaiale  inierariiculare,  400 
atylomandibulare,  395 
8upra«2nnaZ«,  387 
tcUoccdcaneum,  anteriwi,  452 

tn/ero««eum,  453 

laierale,  453 

medicUe,  453 

poaieriua,  453 
talofibtdare  anteriua,  450 

poaieriua,  451 
to/onaviciiWe  doraale,  454 
temporomandibular e,  394 
^erc«  femori^,  434 

hepatia,  1196 

i^teri,  1251 
ihyroepiglotticum,  1084" 
iranaveraalia  colli  uteri,  1251 
<ran«versum  acetabuli,  434 

atlanlia,  389 

cru«  infer  iu^,  390 
niperius,  390 

crurw,  584 

(7enu,  442 

acapulae  inferius,  413 
siipenii^,  413 
trapezmdeum,  412 
triangulare  dextrum,  1 195 

simsirwm,  1195 
tuberculi  costae,  399 
venoaum,  1196 
Ligature    of    arteries.    See   each 

Artery. 
Ligulae,  846 
Limbic  lobe,  873 
Limbs,  development  of,  113 
Limbua  foaaae  ovalia,  608 
laminae  apiralis,  1065 


Limiting   membranes   of   retina, 

1029 
Line  or  Lines,  arcuate,  of  ilium, 
335 

colored,  of  Retzius,  1120 

curved,  of  ilium,  333 

gluteal,  of  ilium,  333 

incremental,  of  Salter,  1120 

intercondyloid,  350 

intertrochanteric,  348 

mylohyoid,  272 

N^aton's,  1239 

nuchal,  227,  281 

oblique,  of  fibula,  360 
of  mandible,  271 
of  radius,  320 

pectineal,  348 

popliteal,  of  tibia,  357 

of  Schreger,  1120 

spiral,  of  femur,  348 

temporal,  231.  235,  278,  282 
Li7i«a  aZ&a,  507 

aapera,  348 

9t<adra/a,  348 

semtnrcularw.  507 

aplendena,  907 
hineae  aemUunarea,  507 
lAnffua,  1125 

fadea  inferior,  1126 

tunica  mucoaa,  1131 
Lingual  artery,  631 

applied  anatomy  of,  632 
deep,  632 

bone,  276 

branches   of   glossopharyngeal 
nerve,  939 

gyrus,  871 

lamina,  1121 

lymph  glands,  775 

nerve,  923 

tonsil,  1131 

veins,  736 
Lingula  of  cerebellum,  837 

of  mandibulse,  272 

of  sphenoid,  247,  290 
Linin,  34 
Lip,  tympanic,  1065 

vestibular,  1065 
Lips,  1110 
Liquor  amnii.  95 

sanguinis,  ol 
Lissauer,  fasciculus  of,  817 
Littr6,  urethral  glands  of,  1226 
Liver,  1191 

applied  anatomy  of,  1200 

bare  area  of,  1161 

bUe  ducts  of,  1198 
common,  1200 

cystic  duct,  1200 

development  of,  174 

excretory  apparatus  of,  1198 

fissures  of,  longitudinal,  1194 

fossee  of,  1194 

gall-bladder,  1199 

hepatic  artery,  689,  1197 
cells,  1197 
duct,  1198 
veins,  764 

ligaments  of,  1195 

lobes  of,  1194,  1195 

lobules  of,  1197 

lymphatic  vessels  of,  792 

nerves  of,  1196 

portal  vein,  764,  1198 

structure  of,  1197 

surface  markings  of,  1307 

surfaces  of,  1191 

vessels  of,  1 196 
Lobe  or  Lobes,  cacuminal,  838  " 

of  cerebellum,  836 

of  cerebral  hemisphere,  869 
frontal,  869 
insula,  873 
limbic,  873 
occipital,  871 
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Lobe  or  Lobes  of  cerebral  hemis- 
phere, olfactory,  874 
parietal,  870 
precuneus,  871 
quadrate,  871 
temporal,  871 
ofUver,  1194, 1196 
of  lung,  1105 
nodular,  839 
Spigelian,  1195 
of  thymus,  1264 
of  thyroid  gland,  1261 
tuberal,  839 
uvular,  839 
Lobule  of  auricula,  1044 
paracentral,  870 
parietal,  871 
postero-inferior,  839 
postero-superior,  838 
Lobules  of  liver,  1195 

of  testes,  1232 
LobtUi  glandulae  thyreoideae,  1261 

hejxUia,  1197 
Lobuhu  centralis,  838 
parietalis  inferior,  871 

superior,  871 
aemUunarie  inferior,  839 
superior,  838 
Lotus  cttudcUus,  1 195 
divi,  838 
eulminis,  838 
frontalis,  869 
hepatis  dexter,  1194 

sinister,  1195 
noduli,  839 
occipitalis,  871 
olfactorixis,  874 
parietalis,  870 
puramidis,  839 
quadralus,  1195 
semilunaris,  838 
temporalis,  871 
tuberua,  839 
uvulae,  839 
Localization,  cerebral,  894 
Lockwood,  tendon  of,  1035 
Locus  coeruleus,  848 
Long  bones,  195 
buccal  nerve,  922 
calcaneocuboid  ligament,  454 
ciliary  nerves,  916 
external  lateral  ligament,  440 
or   internal   saphenous   nerve, 

981 
root  of  ciliary  ganglion,  916 
saphenous  nerve,  981 

vein,  756 
subscapular  nerve,  961 
thoracic  artery,  671 
nerve,  960 
Longissimus  capitis  muscle,  489 
cervicis  muscle,  488 
dorsi  muscle,  488 
Longitudinal  fasciculus,  inferior, 
891 
posterior,  851 
superior,  891 
fissure,  cerebral,  865 
great,  865 
of  liver,  1194 
sinuses,  740,  741 
strisB,  lateral  and  medial,  875 
sulci  of  heart,  604 
Longitudinalis    linguae     inferior 
muscle,  1130 
superior  muscle,  1130 
Longus  capitis  muscle,  484 

colli  muscle,  403 
Loop  of  Henle,  1212 
Ldwenthal,  cerebellospinal  tract 

of,  815 
Lower  extremity,  arteries  of,  710 
articulations  of,  432 
bones  of,  333 
lymphatic  vessels  of,  782 


Lower  extremity,  muscles  of,  559 
surface  anatomy  of,  1323 

markings  of,  1329 
veins  of,  755 
jaw,  bones  of,  271 
lateral  cartilage,  1009 
visual  centres,  864,  909 
Lower,  tubercle  of,  608 
Lumbar  aponeurosis,  486 
arteries,  698 
enlargement    of    medulla    spl- 

nahs,  808 
fascia,  486 
Ijnnph  glands,  787 
nerves,   divisions  of,  anterior, 
974 
posterior,  953 
plexus  of  nerves,  975 

applied  anatomy  of,  992 
regions  of  abdomen,  1 147 
triangle,  524 
vein,  ascending,  753,  763 
veins,  763 
vertebrse,  204 
Lumbocostal  arch,  495 
Lumbodorsal  fascia,  486 
Lumbosacral  plexus,  974 

trunk,  975 
Lumbricales  muscles  of  foot,  589 

of  hand,  555 
Lunat«  bone,  323 

surface  of  acetabulum,  339 
Lung-buds,  177 
Lungs,  1101 

applied  anatomy  of,  1108 
development  of,  177 
fissures  and  lobes  of,  1104 
nerves  of,  1 107 
root  of,  1105 
structure  of,  1106 
surface  markings  of,  1298 
vessels  of,  1107 
Lunulie  of  nails,  1075 

of  semilunar  valves,  610 
Luschka's  gland,  1273 
Luys,  nucleus  of,  860 
Lymph,  64 
capillaries,  64 
path,  770 
sacs,  161 
sinus,  770 
Lymph  Gland  or  Glands  of  abdo- 
men, 785 
aortic,  787 

applied  anatomy  of,  770 
auricular,  774,  775 
axUlary,  780 
buccinator,  775 
cervical,  anterior,  778,  779 
of  Cloquet,  783 
deltoideopectoral,  779 
diaphragmatic,  797 
epigastric,  786 
facial,  775 

deep,  775 
gastric,  788 

gastroepiploic,  right,  788 
of  head,  774 
hepatic,  788 
hypogastric,  786 
Uiac,  786 
ileocolic,  789 

infraorbital,  775  I 

inguinal,  783 

applied  anatomy  of,  784 
intercostal,  797 
lingual,  775 

of  lower  extremity,  782 
lumbar,  787 

mammary,  internal,  796 
mastoid,  774 
maxillary,  775 
mediastinal,  798 
mesenteric,  789,  791 
mesocolic,  789 


Lymph  Gland  or  Glands  of  neck, 

778 
obturator,  787 
occipital,  774 
pancreaticoduodenal,  792 
pancreaticolienal,  768 
pararectal,  791 
paratracheal,  779 
parietal    of    abdomen    and 

pelvis,  786 
parotid,  775 
of  pelvis,  785 
popliteal,  782 

applied  anatomy*of ,  784 
preauricular,  775 
principal   gland   of   tongue, 

778 
retropharyngeal,  776 
of  RosenmUlier,  783 
sacral,  787 
splenic,  788 

Stahr,  middle  gland  of,  778 
sternal,  796 
structure  of,  769 
subinguinal,  783 
submaxillary,  778 
submental,  778 
suprahyoid,  778 
Bupramandibular,  775 
supratrochlear,  779 
of  thorax,  796 
tibial,  anterior,  782 
tracheobronchial,  798 
of  upper  extremity,  779,  780 
visceral    of    abdomen    and 

pelvis,  787 
Lymphatic  duct,  right,  772 
nodules,  aggregated,  1175 
solitaxy,  1175 
of  spleen,  1268 
system,  768 

trunk,  bronchomediastinal,  798 
intestinal,  772 
jugular,  772,  773 
lumbar,  772 
subclavian,  772,  773 
vessels,  768 

of  abdominal  viscera,  791 

wall,  787 
of  anal  canal  and  anus,  792 
applied  anatomy  of,  770 
of     auricula     and     external 

acoustic  meatus,  776 
of  cecum,  792 
of  colon,  792 

of  common  bile-duct,  793 
development  of,  161 
of  diaphragm  a,  798 
of  ductus  deferens,  794 
of  duodenum,  792 
of  external  genitals,  787 
of  face,  776 
of  gall-bladder,  793 
of  gluteal  region,  784 
of  heart,  798 
of  ileum,  792 
of  jejunum,  792 
of  kidney,  793 
lacteals,  768 
of  larynx,  779 
of  liver,  792 
of  lower  extremity,  784 
of  lungs,  799 
of  mamma,  797 
of  mouth,  777 
of  nasal  cavities,  776 
of  neck.  779 
of  oesophagus,  800 
of  ovary,  795 
of  palatine  tonsil,  777 
of  pancreas,  793 
of  pelvis.  787 
of  perineum,  787 
of  pharynx,  779 
of  pleura,  800 


1382 


INDEX 


Lympathic    vessels  of    prostate, 
794 

of  rectum,  792 

of  reproductive  organs,  794 

of  scalp,  776 

of  spleen,  793 

of  stomach,  792 

structure  of,  768 

of  suprarenal  glands,  793 

of  testes,  794 

of  thoracic  viscera,  799 
wall,  797 

of  thymus,  800 

of  thyroid  gland,  779 

of  tongue,  778 

of  upper  extremity,  781 

of  ureter,  793 

of  urethra,  794 

of  urinary  organs,  793 

of  uterine  tubes,  795 

of  uterus,  795 

of  vagina,  795 

of  vermiform  process,  792 

of  vesiculae  seminales,  795 
Lymphocyte,  63 
Lymphoglandulae,  768 
auriculares  anieriores,  775 

poateriores,  774 
axiUarea,  780 
cervicaUs  profundae,  778 

superficiales,  778 
epigaatricae,  786 
*  fcuMes  profundae,  775 
gastricae  inferiores,  788 

superiorea,  788 
hepaticae,  788 
hypogaatricae,  786 
inguinalea,  783 
intercoatalea,  797 
lingualea,  775 
lumbalea,  787 
mediaatiTudea  anteriorea,  798 

poateriorea,  798 
meaerUericae,  789 
meaocoliaie,  791 
occipitalea,  774 
pancrecUicolienaleat  788 
popliteae,  782 
atanalea,  796 
aubinguindUa  profundae^  783 

auperficicUea,  783 
aubrruixiUarea,  778 
iibialia  anterior^  782 
Lymphoid  tissue,  45 
Lyra  of  fornix,  886 


M 

Macewen,  suprameatal  triangle 

of,  238 
Mackenrodt,  ligament  of,  1251 
Macula  acuatica  aacculi,  1062 
tUriculi,  1062 
cribroaa  media ,  1058 

auperior,  1068 
liUea,  1026,  1029 
structure  of,  1029 
Majendie,  foramen  of,  847,  905 
Malar  bone,  263 

process  of  maxilla,  260 
Male  genital  organs,  1228 

bulbourethral  glands,  190, 

1243 
ductus  deferens,  1235 
ejaculatory  duct,  1237 
penis,  1237 
prostate,  1241 
testes  and  their  coverin©i, 

1228 
vesiculae  seminalea,  1236 
pronucleus,  83 
urethra,  1225 
Malleolar  arteries,  723 
internal,  727 


Malleolar  folds,  anterior  and  pos- 
terior, 1050 

sulcus,  360 
Malleolus,  lateral,  360 

medial,  358,  359 
Malleus,  1053 

development  of,  141 

ligaments  of,  1055 
Malpighian    bodies    of    kidney, 
1212 
of  spleen,  1268 

capsules  of  kidney,  1212 

tufts  of  kidney.  1212 
Mamillary  process,  205 
Mammae,  1258 

applied  anatomy  of,  1260 

development  of,  116 

lymphatic  vessels  of,  797 

nerves  of,  1260 

papilla  or  nipple  of,  1258 

structure  of,  1258 

vessels  of,  1260 
Mammary  artery,  external,  671 
internal,  664 

gland,  1258 
internal,  796 

veins,  internal,  751 
Mandible,  271 

angle  of,  273 

articulations  of,  274 

body  of,  271 

changes  in,  due  to  age,  275 

condyloid  process  of,  273 

coronoid  process  of,  273 

ossification  of,  273 

ramus  of,  272 
Mandihula,  271 
Mandibular  arch,  109, 

branches  of  facial  nerve,  933 

canal,  273 

foramen,  272 

fossa,  238,  280,  283 

nerve,  921 

notch,  273 
Mantle  layer,  117 
Manubrium  of  malleus,  1053 

of  sternum,  216 
Margin,  supraorbital,  234 
Marginal  gyrus,  870 

layer,  117 

veins  of  foot,  756 
Margins  of  heart,  606 
Marrow  of  bone,  51 
Marshall,  oblique  vein  of,   159, 
603,  731 

vestigial  fold  of,  159,  603,  731 
Martinotti.  cells  of,  892, 
Maaaa  intermedia,  856,  865 
Masses,  lateral,  of  atlas,  200 
Masseter  muscle,  472 
Masseteric  artery,  641 

fascia,  472 

nerve,  921 
Mastoid  canaliculus,  243,  280 

cells,  240 

foramen,  239,  282 

fossa,  238 

glands,  774 

notch,  239,  280 

portion  of  temporal  bone,  239 

process,  239 
Mastzellen,  41 
Matrix  of  nail,  1075 
Maturation  of  ovum,  79 
MaxUla.  256 

articulations  of,  262 

changes  in,  due  to  age,  262 

ossification  of,  262 
Maxillary  artery,  external,  633 
applied  anatomy  of,  635 
peculiarities  of,  635 
internal,  638 

glands,  internal,  775 

nerve,  917 
inferior,  921 


Maxillary  process  of  inferior  nasa 
concha,  268 
of  palatine  bone,  267 
of  zygomatic  bone,  265 
processes  of  fetus,  109 
sinus,  259,  1015 
tuberosity,  257 
vein,  internal,  734 
MecUua  acuaticua  externa,  1046 
extemua  cartilttgineuat  1047 
oaaetia,  1047 
auditory,  external,  1046 
external    acoustic,    244,    283, 
1046 
applied  anatomy  of,  1048 
internal,  244,  291 
urinarius,  1226 
urinary,  1257 
Meatuses  of  nose,  293, 1010, 1011 
Mechanism  of  pelvis,  408 
of  respiration,  497 
of  thorax,  401 
Meckel's  cartilages,  109,  273 
diverticulimi,  93,  1172 
ganglion,  919 
Media,  refracting,  of  bulb  of  eye, 

1030 
Medial  geniculate  body,  858 
longitudinal  fasciculus,  851 
wall  of  nasal  cavity,  1012 
Median  antibrachial  vein,  749 
basilic  vein,  747 
nerve,  965 
Mediastinal  arteries  from  aorta, 
685 
from  internal  mammary,  664 
cavity,  1098 
anterior,  1100 
applied  anatomy  of,  1101 
middle,  1101 
posterior,  1101 
superior,  1098 
lymph  glands.  798 
pleura,  1095 
Mediastinum  testis,  1232 
Medicomu,  879 
Medidural  artery,  640 
Medifrontal  gyre,  870 
Medulla  of  hair,  1077 
oblongata,  822 

anterior  district  of,  822 
applied  anatomy  of  ,  833 
arcuate  fibres  of,  830 
development  of,  123 
faadcuLua  cuneatua,  827 

gracUiay  827 
fissures  and  sulci  of,  822 
gray  substance  of,  829 
formaiio  reticularia,  832 
lateral  district  of,  823 
olive  of,  824 
posterior  district  of,  824 
pyramid  of,  823 
restiform  bodies  of,  830 
structure  of,  826 
apinalia,  805 

anterior    white    commissure 

of.  808 
applied  anatomy  of.  820 
central  canal  of,  810 
columns  of,  809 
development  of,  805 
dissection  of,  805 
distribution  of  nerve  cells  in, 

811 
enlargements  of,  808 
fissures  of.  808 
gray  commissures  of,  810 

substance  of,  809 
ligamentumdcntiadatum,  905 
meninges  of,  900 

applied  anatomy  of,  907 
neuroglia  of,  809 
sulci  of,  808 
veins  of,  755 
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Medulla  apinaliat  white  substance 

of.  814 
Medullary  artery  of  bone,  52 
lamina,  lateral,  856 

medial,  857 
laminse   of  lentiform  nucleus, 

881 
membrane  of  bone,  51 
portion   of   suprarenal   gland, 

1272 
segments  of  nerves,  75 
sheath  of  nerve-fibres,  73 
spaces  of  bone,  58 
substance  of  kidney,  1210 
velum,  842,  845 
Medullated  nerve-fibres,  73 
Meibomian  glands,  1040 
Meissner's  plexus,  1176 

tactile  corpuscles,  1070 
Melanin,  46 

Membrana   aUanioocdpUalia   an- 
terior, 392 

posterior,  392 
granulosa  [of  Graafian  follicle], 

1246 
hyothyreoidea,  1082 
interosaea  antebrachii,  423 

cruris,  448 
pupillaris,  1026 
tectorias  [of  atlas  and  occipital 

bonel,  393 
Membrane,  anal,  174 
arachnoid,  903 
atlantooccipital,  392 
basilar,  1063,  1065 
of  Bowman,  1020 
costocoracoid,  528 
cricothjToid,  1083 
of  Demours,  1020 
of  Descemet,  1020 
elastic,  of  larynx,  1083 
fenestrated,  596 
hyaloid.  1030 
hyoglossal,  1132 
hyothyroid,  1082 
intercostal,  492 
interosseous,  of  forearm,  423 

of  leg,  448 
Jacob's,  1029 
of  Krause,  66 
limiting.  1029 
medullary,  of  bone,  51 
of  Nasmyth,  1123 
nuclear,  34 
obturator,  572 
pharyngeal,  163 
pupillary,  136,  1026 
of  Reissner,  1063 
tectorial,  of  ductus  cochlearis, 

1067 
thyrohyoid,  1082 
tympanic,  1050 

structure  of,  1050 
vestibular,  1063 
vitelline,  83 
'  Membranes,  basement,  45 

of  brain  and  medulla  spinalis, 

900 
fetal,  93 
synovial,  379 
Membranous  cochlea,  1063 
cranium,  106 
labyrinth,  1061 
portion  of  urethra,  1226 
semicircular  canals.  1062 
vertebral  column,  102 
Meningeal  artery,  accessory,  640 

anterior,  648 

from  ascending  pharyngeal, 
637 

middle,  640 

applied  anatomy  of,  640 
surface  marking  of,  1281 

from  occipital,  636 

from  vertebral,  660 


Meningeal  branch  of  spinal  nerve,  i  Middle  costotransverse  ligament, 


I 


951 

layer  of  dura  mater,  902 

nerve  from  hypoglossal,  947 
from  maxillary,  917 
Meninges  of  brain  and  medulla 

spinalis,  900 
Menisci,  49 

of  knee-joint,  441 
Meniscus,  articular,  395 

lateralis,  442 

medialis,  442 
Mental  foramen,  271,  286 

nerve,  924 

point.  296 

protuberance,  271 

spines,  271 

tubercle,  271 
Mentalis  muscle,  470 
Merkel,  tactile  disks  of,  1069 
Meroblastic  ova,  84 
Mesamceboid  cells.  142 
Mesencephalon,  90,  125,  848 
Mesenteric  artery,  inferior,  694 
dissection  of,  695 
superior,  691 

dissection  of.  692,  695 

lymph  glands,  789 

plexuses  of  nerves,  1004,  1005 

veins,  766 
Mesenteries,  1156 

mesentery  proper,  1157 

sigmoid  mesocolon,  1153,  1157 

transverse  mesocolon,  1157 
Mesenteriole  of  vermiform  pro- 
cess, 1178 
MeserUerium,  1157 
Mesocardium,  arterial,  603 

venous,  603 
Mesocolic  lymph  glands,  789 
Mesocolon,  sigmoid,  1153,  1157 

transverse,  1157 

sigmoideum,  1157 

transversum,  1157 
Mesoderm,  88 

formation  of,  86 
Mesogastrium,  168 
Mesognathion,  299 
Mesonephros,  180 
Mesorchium,  184 
Mesosalpinx,  1251 
Mesovarium,  184,  1244 
Metacarpal  bones,  329 

applied  anatomy  of,  332 
articulations  of,  331 
characteristics  of,  329 
ossification  of,  332 
Metacarpophalangeal    articula- 
tions, 430 
Metacarpus,  329 
Metanephros,  187 
Metaphase  of  karyokinesis,  36 
Metatarsal  arteries,  724 

bones,  371 

characteristics  of,  371 

veins,  758 
Metatarsophalangear    articula- 
tions, 459 
Metatarsus,  371 

ossification  of,  374 
Metathalamus,  127,  858 
Metencephalon,  122 
Metopic  suture,  234 
Meynert,  basal  optic  nucleus  of. 
861  ^t 

fasciculus  retrofiexus  of,  859    .  ^^^^^ 

fountain  decussation  of,  854       |      ao'J^  *^ 

substantia  innominata  of,  884 
Microcytes,  62 
Mid-brain,  90,  126,  848 
Mid-carpal  joint,  427 
Middle  capsular  artery,  696 

cerebellar  peduncles,  841 

commissure  of  brain,  856 

constrictor  muscle,  1142 


399 
cutaneous  nerve,  980 
dental  nerve,  919 
subscapular  nerve,  961 
thyrohyoid  ligament,  1082 
tibiofibular  ligament,  448 
Milk  teeth,  1118 
Mitochondria  sheath,  81 
Mitral  cells,  894,  1013 
orifice,  611 
valve,  612 
Moderator  band,  610 
Modiolus  of  cochlea,  1060 
Molar  glands,  1111 

teeth,  1118 
Molecular    layer    of    cortex    of 
cerebellum,  842 
of  cerebrum,  891 
Monakow,  rubrospinal,  tract  of, 

816 
Monaster  or  mother  star,  36 
Monro,  foramen  of,  865,  887 

sulcus  of,  125,  865 
Mans  pubis,  1256 

Veneris,  1256 
Morgagni,  hydatid  of,  182,  1231, 
1247 
rectal  columns  of,  1184 
sinus  of,  1142 
Morula,  84 
Moss  fibres,  844 
Mother  star  or  monaster,  36 
Motor  areas  of  cerebral  cort«x, 
894 
end-plates,  803 
nerves,  803 
neurons,  lower  and  upper.  896, 

897 
tract,  896 
Mouth.  1110 
development  of.  163 
lymphatics  of,  777 
mucous  membrane  of,  1110 
muscles  of,  dissection  of,  469 
Movable  articulations,  381 
Movements  admitted   in  joints, 

383 
Mucigen,  37 

Mucous  glands  of  tongue,  1131 
sheaths,  380 

of  tendons  around  ankle,  586 
on  back  of  wrist,  550 
on  front  of  wrist,  548 
tissue,  44 
Mailer,     orbitalis    muscle     of, 
1037 
sustentacular  fibres  of,  1029 
Mallerian  duct,  182 

eminence,  182 
Multangular  bone,  greater,  326 

lesser,  327 
Multicuspid  teeth,  1118 
Multifidus  muscle,  489 

spinae  muscle,  489 
Muscle  or  Muscles  of  abdomen, 
498 
abductor  hallucis,  587 
digiti  quiTUi  (foot),  588 

(hand),  554 
indicia,  556 
minimi  digiti,  554 
pollicisi  552 


.oo 


>54 
,518 
accesso,  t^  ^ 

of  foot,  58i> 
adductor  brevis,  568 
haUucis,  589 
longus,  567 
nmqnus,  568 
obliquus  hallucis,  589 
polUcis,  554 
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Muscle  or  MuscIcb,  adductor  pol- 
licia  obliquus,  554 
transversus,  554 
of  anal  region,  515 
anconaeiM,  544 
anterior  crural,  576 

femoral,  562 

vertebral,  483 
anterolateral,  of  abdomen,  498 
antitragicus,  1046 
applied  anatomy  of,  410 
of  arm,  533 

arrectores  pUorum,  1077 
ariiciUaris  genu  or  suhcrureus, 

566 
aryepigloUicus,  1089 
arytaenoideus,  1088 
attoUens  aurem,  1045 
attrahens  aurem,  1045 
of  auricula  or  pinna,  1045 
auricularis,  1045 
axillary  arch,  524 
azygos  uvulae^  1 1 14 
biceps,  534 

brachii,  534 

femorist  574 

flexor  cubiti,  534 
biverUer  cervieis,  489 
Bowman's,  1023 
braehialist  535 

anticus,  535 
brackioradialis,  542 
buccinator,  470 
btdbocavemosus,  518,  520 
caninua,  470 
cardiac,  68 
cervical,  475 
cervicalia  CLScendens,  488 
chondrogloisua,  1130 
cUiarU,  1023 
coccygeus,  514 
columns,  65 
complexus,  489 
compressor  naris,  469 

urethrae,  520 
constrictors,  1141,  1142 

pharyngis  inferior,  1141 
medius,  1142 
««3?mor,  1142 

urethrae,  521 
coracobrachialis,  534 
corrugalor,  46S 

cutis  ani,  516 

supercilii,  468 
cremaster,  504 
cricoarytaenoideus,  1088 
cricoarytenoid,  1088 
cricothyreoideus,  1088 
cricothyroid,  1088 
crur««,  566 
deep,  oif  back,  485 
deltoid,  530 
deltoideus,  530 
depressor  alae  nasi,  469 

anguli  oris,  470 

labii  inferioris,  470 

septi,  469 
detrusor  urinae,  1223 
development  of,  69,  116 
diaphragma,  493 
digastric,  480 
digastricus,  480 
dilatator  naris,  469 

pupiUae,  1025 

/u5ae,  1053 
dorsal  anti brachial,  542 
dorsoepitrochlearis  brachii,  524 
ejaculalor  urinae,  518 
eptcraniua,  465 
erector  clitoridis,  521 

penis,  518 

spinae,  488 
extensor  carpi  radialis  brevior, 
542 
brevis,  542 


Muscle  or  Muscles,  extensor  carpi 
radialis  longior,  542 
Umgus,  542 
ulnaris,  544 
coccygis,  490 

di^'h'  quinti  proprius,  544 
digitorum  brevis,  586 
commrint«,  544 
Umgus,  577 
hcUlucis  longus,  577 
indicis,  546 

proprius,  546 
minimi  digpiti,  544 
o^m  me/acarpi  poUicis,  545 
poUicis  brevis,  545 

longus,  545 
primi  internodii  pollicis,  545 
proprius  hallucis,  577 
secunda    internodii    pollicis, 
545 
external  sphincter  ani,  516 

of  eyelids,  467 
fasciculi  of,  64 
fibres  of,  64 
fixation.  462 
flexor  accessorius,  589 

brevis  minimi  digit!,  554,  590 
carpi  radialis,  537 

ulnaris,  539 
digiti  quinti  brevis  [of  foot], 
590 
[of  hand],  554 
digitorum  brevis,  588 
longus,  581 
profundus,  540 
sublimis,  539 
hallucis  brevis,  589 

longus,  581 
pollicis  brevis,  553 
longus,  540 
of  foot,  586 
of  forearm,  536 
form  of,  461 
frontalis,  466 
gastrocnemius,  578 
gemellus,  573 
genioglossus,  1129 
geniohyoglossus,  1129 
^niohyoid,  481 
geniohyoideus,  481 
glossopalatinus,  1114,  1129  no^6 
glulaeus  maximus,  569 
medius,  570 
mtmmtw,  570 
of  gluteal  region,  569 
gracilis,  567 
hamstring,  574 
of  hand,  546 

dissection  of,  546 
of  head,  464 
/leZim  major,  1045 

minor,  1045 
hyoglossus,  1129 
of  iliac  region,  559 
t'ZiactM,  561 
iliococcygeus,  514 
iliocostalis,  488 
cervices,  488 
dom,  488 
Zum6o7*um,  488 
Uiosacralis,  514 
incmtMw  ia6ii  inferioris,  472 

superioris,  472 
infracostal,  492 
infrahyoid,  480 
infraspinatus,  533 
insertion  of,  462 
intercostal,  492 
intercostales,  492 
intermediate  volar,  555 
internal  Sphincter  ani,  516 
interossei,  dorsal,  591 
of  foot,  590 
of  hand,  555 
plantar,  591 


Muscle  or  Muscles,  inter spinales, 

490 
intertransversales,  490 
intertransversarii,  490 
involimtary,  67 
ischiocavemosus,  518,  520 
of  larynx,  1088 
lateral  cervical,  475 

crural,  582 

vertebral,  484 

volar,  552 
latissimus  dorst,  524 
of  leg,  576 

levator  anguli  oris,  470 
scapulae,  525 

ant,  513 

glandulae  thyreoideae,  1262 

menti,  470 

palati,  1113 

palpebrae  superioris,  1034 

prostates,  514 

scapulae,  525 

veli  palatini,  1113 
levatores  costarum,  493 
lingualis,  1130 
longissimus  capitis,  489 

cervicis,  488 

<2orn,  488 
longitudinalis  linguae,  1130 
longus  capitis,  484 

coUt,  483 
of  lower  extremity,  559 
lumbricales  [of  foot],  589 
.    [of  hand],  555 
lymphatics  of,  67 
masseter,  472 
of  mastication,  472 
medial  femoral,  567 

volar,  554 
mentaiis,  470 
of  mouth,  469 
muUifidus,  489 

spinae,  489 
mylohyoid,  481 
mylohyoideus,  481 
nasalis,  469 
nasolabialis,  472 
nerves  and  vessels  of,  67 
of  nose,  468 
oblique,  499,  503 

inferior,  1036 

superior,  1035 
obliquus  auriculae,  1046 

capitis,  491 

externum  abdominis,  499 

inferior,  491 

intemus  abdominis,  503 

oculi  inferior,  1036 
superior,  1035 

superior,  491 
obturator  extemus,  573 

intemus,  572 
occipiJtalis,  466 
occipitofrontalis,  465 
ocular,  1034 
omohyoid,  482 
omohyoideus,  482 
opponens  digiti  quinti  [of  foot], 
590 
[of  hand],  555 

minimi  digiti,  555 

pollicis,  553 
orbicularis  oculi,  467 

oris,  471 

palpebrarum,  467 
orbitalis  of  H   MuUer,  1037 
origin  of,  462 
of  palate,  1113 
palatoglossus,  1114,  1129  note 
palcUopharyngeus,  1114 
jpalmaris  brevis,  554-  ^^ 

longus,  538  ISe 

pectineus,  567  '  ^ 

pecioralis  major,  526 

minor,  528 
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Muscle  or  Muscles  of  pelvis,  510 
perineal,  superficial  transverse, 

518,620 
of  perineum,  514 
peronaeua  hrevU^  583 

lofiQua,  582 

tertixis,  578 
pharyngopcUatinns,  1114 
of  pharynx,  1141 
of  pinna  or  auricula,  1045 
pirifonni8,  571 
plain,  67 
plantar,  first  layer,  587 

fourth  layer,  590 

second  layer,  589 

third  layer,  589 
plantaris,  579 
plate,  102 
plcUysma^  475 
popliteus^  581 
posterior  crural,  578 

femoral,  574 
procenia,  469 
proncUor  quadratus,  540 

teres,  537 
psoas  magnus,  560 

major ^  560 

mirMT,  561 

parvus,  561 
pterygoid,  474 
pterygoideus  extemus,  474 

irUemas,  474 
puhococcygeua,  514 
puborecialis,  514 
pubaveeiccUes,  1221 
pyramidalis  abdominia,  507 

turn,  469 
quadrcUits  femorxe,  573 

labii  auperiorie,  469 
inferioria,  470 

lumborum,  510 

menti,  470 

plQTUae,  589 
quadriceps  extensor,  565 

femoria,  565 
rec/t  [of  eyeball],  1035 
rectococcygeal,  1185 
rectoveaicaUa,  1221 
rec^ti«  abdominia,  506 

capitia  anterior,  484 
lateralia,  484 
poaierior  major,  491 
minor,  491 
an/ictM  major,  484 

mtnor,  484 
posticus  major,  491 
minor,  491 

femoria,  565 
retrahens  aurem,  1045 
rhomboideua  major,  525 

mtnor,  525 
riaoriiM,  472 
rotcUorea,  490 

spinae,  490 
aacroapiTialia,  488 
aalpingopharyngeua,  1143 
sarcous  elements  of,  66 
«a7tortti«,  565 
acalenua  anterior,  484 

anticus,  484 

mediua,  484 

poaterior,  485 

posticus.  485 
of  scalp,  464 
aemimembranoaua,  575 
aemiapinalia  capitia,  489 

cervicia,  489 

colli.  489 

dorsi,  489 
8emt7emit7io«u8,  575 
^^erratua  anterior,  529 
^H'  magnus,  529 

.poaterior  inferior,  493 
auperior,  493 

posticus  inferior,  493 


Muscle  or  Muscles,  serratus  pos- 
ticus superior,  493 
aoleua,  579 
sphincter  ani,  516 
extemua,  516 
in/emu8,  516 

pupillae,  1025 

rec/i,  514 

urethrae  membranaceae,  520, 
521 

vaginae,  520 

vesicae,  1223 
apinalia  capitia,  489 

cervicia,  489 

colli,  489 

dorai,  489 
Ap/enius  capitia,  486 

cervicia,  487 

colli,  487 
atapediua,  1055 
e^emocZeidomoetoideue,  478 
sternohyoid,  482 
atemohyoideua,  482 
stemomastoid,  478 
atemothyreoideua,  482 
sternothyroid,  482 
striped,  64 

structure  of,  64 
atylogloaaua,  1130 
stylohyoid,  481 
atylohyoideua,  481 
atylopharyngeua,  1142 
su&anconeus,  536 
sti&etovius,  528^ 
eubcoetoZee,  492 
9ti6crureu«,  566 
suboccipital.  490        _ 
subacapularia,  531 
superficial  cervical,  475 
aupinaior,  544 

brevis,  544 

Umgua,  542 
,  suprahyoid,  480 
'  aupra^pinaiua,  532 
suspensory ,  of  duodenum,  1171 
synergic,  462 
temporal,  473 
temporalia,  473 
tendons  of,  463 
tensor  fasciae  femoris,  565 
latae,  565 

palati,  1113 

tarai,  468 

tympani,    1055 

viUi  palatini,  1113 
terea  major,  533 

minor,  533 
of  thigh.  562 
of  thorax,  492 
ihyreoarytaenoideua,  1089  . 
thyreoepiglotticua,  1090 
thyrohyouleus,  482 
thyroarytenoid,  1089 
thyrohyoid.  482 
tibicUia  anterior,  576 

anticus,  576 

poaterior,  582 
of  tongue,  1044 
trachealia,  1093 
trachelomaatoideua,  489 
^o^'ctM,  1046 
trans versalis,  504 

cervicis,  488 
<ran«ver»ii9  auriculae,  1046 
.    a&{2omini8,  504 

linguae,  1130 

menti,  470 

nuc/iae,  466 

pedie,  589 

perinaei,  518,  520 
profundua,  521,  522 

svjTerJfcioiie  [in  female],  520 
[in  male],  51 S 

ihoracia,  492 
trapeziua,  522 


Muscle  or  Muscles,   triangularis, 
470 
atemi,  492 
triceps,  535 
brachii,  535 
extensor  cubiti,  535 
«urae,  579 
of  trunk,  485 
of  tjrmpanic  cavity,  1055 
of  upper  extremity,  522 
of  ureters,  1222 
unstriped.  67 

structure  of,  67 
urogenital  region  [female],  520 

[male],  517 
of  uvula,  1114 
I      vastus  extemus,  566 
I  intermediua,  566 

intemus,  566 
lateralia,  566 
medialia,  566 
vertebral,  anterior,  483 

lateral,  484 
verticalia  linguae,  IISO 
vocalia,  1089 
volar  antibrachial,  537 
voluntary,  64 
zygomaticua,  470 
major,  470 
Muscular  fibres  of  heart,  613 
prQcess  of  arytenoid  cartilage, 
•    1081 

tissue,  64,  68 
triangle,  483,  643 
'  Muacularia  mitcoaae,  1173 
Muaculi  oculi,  1034 

oaaiculorum  auditua,  1055 
papillarea  [of  left  ventricle],  612 
(of  right  ventricle],  610 
I      pectinati  [of  left  auricle],  611 
[of  right  auricle],  607 
puboveaiccUea,  1223 
Musculocutaneous  nerve  of  arm, 
962 
of  leg,  990 
Musculophrenic  artery,  666 
,  Musculdspiral  groove,  311 
I      nerve,  968 
Mu^culua  acceaaoriua,  488 
cUiaria,  1023 
inciaivua  labii  inferioria,  472 

auperif>ris,  472 
naaolahialia,  472 
auapenaoriua  duodeni,  \\7\ 
'      uvulae,  1114 
Myelencephalon,  122 
I  Myelocytes,  51 
Myeloplaxes,  51 
Mylohyoid  arter>',  641 
groove,  272 
line,  272 
muBcle,  481 
nerve,  924 
Mylohyoideus  muscle,  481 
Myocardium,  613 
Myocoel,  91 
Myology,  461 


N 


Nails,  1075 
Nares,  1008,  1009 
Nasal  aperture,  anterior,  294 
artery,  650 

lateral,  635 
bones.  255 

articulations  of,  256 
ossification  of,  256 
cartilages.  1008 
cavities,  292,  1010 

applied  anatomy  of,  1015 
arteries  of,  1012 
lymphatic  vessels  of,  776 
mucous  membrane  of,  1012 
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Nasal  cavities,   nerves  of,    1012, 
1013 
veins  of,  1013 
vestibule  of,  1010 
concha,  inferior,  268 
middle,  254 
superior,  254 
crest,  261,  266 
duct,  1042 
fossa,  1010 
index,  296 
laminae,  111 
mucous  membrane,  1012 
nerve  from  ophthalmic,  916 
nerves  from  nasopalatine  gan- 
glion, 921 
notch  of  frontal  bone,  235 

of  maxilla,  257 
part  of  frontal  bone,  235 
of  pharynx,  1138,  1139 
process  of  frontal  bone,  235 

of  maxilla,  260 
processes  of  fetus,  111 
septum,  293,  1012 
spme,  anterior,  257,  262 
of  frontal  bone,  235 
posterior,  266.  278 
Nasalis  muscle,  469 
Nasion.  235,  285,  296 
Nasmyth's  membrane,  1 123 
Nasociliary  nerve,  916 
Nasofrontal  vein,  745 
Nasolabialis  muscle,  472 
Nasolacrimal  duct,  1042 
Nasooptic  furrow,  112,  137 
Nasopalatine  nerve,  921 

recess,  1012 
Nasopharynx,  1139 
NcLSus  extemiM,  1008 
Navicular  bone  of  carpus,  323 
of  tarsus,  368 
fossa,  1257 
Neck,  lymphatic  glands  of,  778 
vessels  of,  779 
muscles  of,  475 
triangles  of,  642 
veins  of,  734 
N41aton's  line,  1329 
Neopallium,  128 
Nerve  cells,  70 

of  cerebellar  cortex,  842 
of  cerebral  cortex,  891 
of  medulla  spinalis,  811,  812 
endings,  free,  813,  1069 
fasciculi    of    medulla   spinalis, 

814 
fibres    of    cerebral    cortex, 
892 
medullated,  73 
non-meduUated,  76 
posterior,  948 
roots,  anterior,  948 
Nerve  or  Nerves,  abducent,  927 
accessory,  944 
acoustic,  934,  1067 
alveolar,  anterior  superior,  919 
middle.  919 
posterior,  918 
inferior,  922 
anococcygeal,  992 
anterior  crural,  979 
interosseous,  965 
superior  alveolar,  919 
thoracic,  961 
tibial,  990 
antihrachial    cutaneous,     963, 

964 
Arnold's,  941 
auditory,  934 
auricular,  great,  956 

of  auriculotemporal,  923 
posterior,  933 
of  vagus,  941 
auriculotemporal.  923 
axillary,  961 


Nerve  or  Nerves  of  Bell,  960 
brachial  cutaneous,  lateral,  962 
medial,  964 
posterior,  969 
bronchial,  943 
buccal,  of  facial,  933 

long,  922 
buccinator,  922 
calcanean,  medial,  988 
cardiac,  cervical,  942 

great,  997 

of  sympathetic,  997 

thoracic,  943 

of  vagus,  942 
caroticotympanic,  996,  1056 
carotid    of    glossopharyngeal, 

939 
cavernous,  of  penis,  1005 
cerebral,  907 

abducent,  927 

accessory,  944 

acoustic,  934 

facial,  929 

glossopharyngeal,  937 

bypoglossal,  945 

oculomotor,  911 

olfactory,  908 

optic,  909 

trigeminal,  914 

trochlear,  913 

vagus,  940 
cerebrospinal,  structure  of,  801 
cervical,  957 

cutaneous,  957 

divisions  of,  anterior,  954 
posterior,  951 

of  facial,  933 

transverse,  957 
chorda  tympani,  932,  1056 
ciliarj',  916,  917 

eb^h!yS(Scn'di\'ision  M,"a1ii'tenor, 
982 
posterior,  954 
cochlear,  935,  1068 
coeliac,  of  vagus,  943 
cranial,  907 
crural,  anterior,  980 
cutaneous  cer\dcal,  957 

external,  977 

internal.  964,  981 
lesser,  964 

middle,  980 
deep  branch  of  radial,  970 
of  ulnar,  968 

peroneal.  990 

petrosal,  919 

temporal,  921 
descending    ramus    of    hypo- 
glossal, 947 
development  of,  119,  131 
digastric,  from  facial,  933 
digital,  of  lateral  plantar,  988 

of  medial  plantar,  988 

of  median,  966 

of  radial.  970 

of  superficial  peroneal,  990 

of  ulnar,  968 
dorsal  antihrachial  cutaneous, 
969 

branch  of  ulnar,  967 

cutaneous,  lateral,  988 
medial,  990 

of  penis,  992 

scapular,  960 
of  dura  mater,  902 
,dural.  941 
\/ eighth,  934 
eleventh,  944 
end-organs  of,  1069 
endoneurium  of,  802 
epineurium  of,  801 
external  nasal,  919 

plantar,  989 

popliteal,  989 


Nerve  or  Nerves,  external  saphe- 
nous, 988 

spermatic,  977 
facial,  929 
femoral,  980 

cutaneous,  anterior,  980 
lateral.  977 
y      posterior,  985 
U^th.  914 
Vyprst,  908 
•fourth,  913 
frontal,  916 
ganglia  of,  803 

gastric  branches  of  vagus.  943 
genitocrural.  977 
genitofemoral,  977 
glossopharyngeal,  937 
gluteal,  984,  985 
great  auricular,  956 
greater  occipital,  951 

splanchnic,  998 

superficial  petrosal,  910 
hemorrhoidal,  inferior,  901 
hepatic  branches  of  vagua,  043 
hypoglossal,  945 
ihohypogastric,  9t6 
ilioiziguinal.  977 
incisive,  924 
inferior  dental,  924- 
infraorbital,  917  nole 
infrapatellar,  981 
infratrochlear,  916 
intercostal,  972 
intercostobrachial,  973 
intermedius  of  Wrisbers,  920 
internal  cutaneous,  of  arm,  064 

carotid,  995 

plantar.  998 

popliteal,  987 

saphenous,  981 
Interosseous,  dorsal,  970 

volar,  965 
Jaoobson's,  939,  1056 
jugular,  997 
labial,  superior,  919 
lacrimal,  915 
laryngeal,  942 
laryngopharyngeal   of   s>nnpa- 

thetic,  997 
lateral  antihrachial  cutaneous, 
963,964 

brachial  cutaneous,  062 

femoral  cutaneous,  077 

plantar,  984 
lesser  splanchnic,  990 
lingual,  923 

of  glossopharyngeal,  040 
long  ciliary,  916 

saphenous,  981 

subscapular,  961 

thoracic,  960 
lowest  splanchnic,  900 
lumbar,  divisions  of,  antodor. 
974 
posterior,  953 
lumboinguinal,  977 
lumbosacral  trunk,  975 
mandibular,  921 

of  facial,  933 
masseteric,  921 
maxillary,  917 

inferior,  921 
medial  antihrachial  cutaneous, 
064 

brachial  cutaneous,  064 

sural  cutaneous,  008 

plantar,  008 
median,  965 
meningeal,  of  hypog)o69al.  047 

of  maxillary,  017 

middle,  017 

of  spinal  nerves.  047 

of  vagus,  041 
mental.  924 
motor,  803 
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Nerve   or  Nerves,   musculocuta^ 
neous,  of  arm,  962 

of  leg,  990 
musculofipiral,  968 
mylohyoid,  924 
nasal,  of  ophthalmic,  916 

from     sphenopalatine     gan- 
glion,  921 
nasociliary.  916 
yoasopalatine,  921 
•  ninth,  937 
obturator,  979 

accessory,  980 
occipital,  greater,  951 

smaller,  956 
.     third,  951 
oculomotor,  911 
oesophageal,  943 
olfactory,  908 
ophthalmic,  915 
optic,  909 
orbital,  917 

their  relation,  in  cavernous 
sinus,  928 
in  orbit,  928 
in  superior  orbital    fis- 
sure, 928 
origins  of,  803 
palatine,  920,  921 
palmar  cutaneous,  of  median, 
965 
of  ulnar,  967 
palpebral,  inferior,  919 
perforating  cutaneous,  991 
perineurium  of,  801 
plexus  of,  802 
peroneal,  989,  990 
petrosal,  deep,  919,  996 

external,  997 

greater  superficial,  919 
smaller  superficial,  1056 

large,  deep,  919 
superficial.  919,  931 
pharyngeal,    of   glossopharyn- 
geal, 940 

of  sphenopalatine  ganglion, 
921 

of  vagus,  942 
phrenic,  957 
plantar,  988,  989 
pnpumogastric,  940 
popliteal,  external,  989 

mternal,  987 
of  pterygoid  canal,  920,  996 
to  pterygoideus  internus,  921 

externus,  922 
pterygopalatine,  921 
pudendal,  991 

inferior,  985 
pudic,  991 

internal,  991 
pulmonary,  943 
radial,  970 
rami  communicantes,  gray  and 

white,  949,  950,  995 
recurrent,  942 
respiratory,  of  Bell,  957 
to  rhomboids,  960 
roots,  818,  948 
sacral,  982 
saphenous,  981 

mternal,  981 

short.  988 
sciatic,  985 
scrotal,  posterior,  991 
second,  909 
seventh,  929 
short  ciliary,  917 
sixth,  927 

smaller  occipital,  956 
spermatic,  external,  977 
sphenopalatine     branches     of 

maxillary,  918 
spinal,  947 

accessory,  944 


Nerve  or  Nerves,  spinal,  develop- 
ment of,  119 

divisions    of,    anterior    pri- 
maiy,  954 
posterior  primary',  951 
roots  of,  818,  948 
spinosus,  921 
splanchnic,  998,  999 
to  stapedius,  932 
stylohyoid,  933 
to  subclavius,  960 
suboccipital,  951,  954 
subscapular,  961 
superior  labial,  919 
superficial  branch  of  radial,  969 

of  ulnar,  968 
Bupra-acromial,  957 
supraclavicular,  957 
supraorbital,  916 
suprascapular,  960 
'      suprasternal,  957 
I      supratrochlear,  916 
sural,  998 
sympathetic,  994 

structure  of,  803 
of  taste,  1008 
temporal,  deep,  922 

of  facial,  933 
temporomalar,  917 

V*«™.  940 

terminations  of,  803 
1/ third,  911 

thoracic,  divisions  of,  anterior, 
972 
posterior,  952 

lateral  anterior,  961 

medial  anterior,  961 
thoracodorsal,  961 
thyrohyoid,  947 
tibial,  987 

anterior,  990 
of  tongue,  1132 
tonsillar,  940 
transverse  cervical,  957 
trifacial,  914 
trigeminal,  914 
\  trochlear,  913 
^twelfth,  945 
tjrmpanic,  of  glossopharyngeal, 

939,  1056 
ulnar,  967 

collateral,  969 
of  urethral  bulb,  992 
vagus,  940 
vestibular,  935,  1068 
Vidian,  920,  996 
volar  digital,  966 

interosseous,  965,  968 
of  Wrisberg,  964 
sygomatic,  917 

of  facial,  933 
zygomaticofacial,  918 
zygomaticotemporal,  918 
Nervi  anococcygei,  992 
auriculares  anterioreSt  923 
carotid  extemi,  997 
cavemosi  penis  minor es,  1005 
cerebroJ.e9,  907 
cervicaUs^  951,  954 

ramus  lateralis,  951 
medialis,  951 
cUiares  longi,  916 
dunium  inferiores,  985 
coccygeus,  954,  982 
communicantes  ceroicaUs,  957 
digiiales  dorsaies  hallucis,  990 

plantares  communes,  988 
proprii,  988 
ethmoidales,  916 
intercostales,  972 

rami  ctUanei  Idterales,  973 
labiates  anterior  es,  974 

posteriores,  953 
lumbales,  953 
nervorum,  802 


Nern  olfactorii,  908 
paiatini,  920 
sacrales,  953,  982 
sphenopalatini,  918 
spincUes,  947 

radix  anterior,  948 

posterior,  948 
rami  anterior  es,  954 
posteriores,  957 
subscapular  es,  961 
supraclaviculares  anterioreSt  957 
medii,  957 
posteriores,  957 
temporales  profundi,  922 
thoracales,  952 

anteriores,  961,  972 
ramus  lateralis,  953 
medialis,  952 
Nervous  system,  description  of, 
801 
development  of,  117 
tissue,  69 
Nervus  abducens,  927 
accessorius,  944 

ramus  externus,  945  —^ 

internus,  944 
acusticus,  934,  1067 
radix  cochlearis,  935 
vestibularis,  935 
alveoHaris  inferior,  923 
auricyiaris  magnus,  956 

posterior,  933 
auriculotemporcUis,  923 
rami  parotidei,  923 

temporales      super ficiales, 
923 
axillaris^  961 
buccinatoriust  922 
cancUis  pterygoidei,  920 
cardiacus  inferior^  998 
medius,  997 
euperxoTt  997 
caroticotympanicus  inferior,  939 

superior,  939 
caiiemous  penis  major,  1005 
cochlearis,  1068 
dunium  inferior  medialis,  991 
communicans  fibularis,  990 

tibialis,  988 
ctUaneus    antebrachii    dor  satis, 
969 
lateralis,  964 
medialis,  964 

ramv^  ulnaris,  964 
votaris,  964 
brachii  medialis,  964 

posterior,  969 
coUi,  957 

rami  inferiores,  967 

ramus  superior,  957 

dorsalis  intermedius,  990 

medialis,  990 
femoris  lateralis,  977 
posterior,  985 

rami  perineales,  985 
surae  lateralis,  990  --  "' 
medialis,  988 
descendens  cervicales,  957 
dorsalis  penis,  992 

scapulae,  960 
facialis,  929 

rami  buccales,  933 
temporales,  933 
zygomatid,  933 
ramus  colli,  933 
digastricus,  933 
marginalis  mandibulae,  933 
stylohyoideus,  933 
femoralis,  980 
frontalis,  916 
furcalis,  975 
genitofemoralis,  977 
glossopharyngeus,  937 
ganglion  inferius,  939 
superius,  938 
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Nenu9  gloasopharyno^us,  rami 
Hngitalen.  940 
pharynQci,  940 
ionsillaret,  940 
ramtu  stylopharyngeus,  940 
ghUaeus  inferior,  985 

9uperior,  984 
haemorrhovdoHs  inferior,  991 
hyogloetus,  945 

ramtM  descendens,  947 
thyreohyoidews,  947 
iliohypooasirietis^  976 
ramus  lateralis,  977 
Uioinffuinalis,  977 
infratrochlearis,  916 
intermediiu  [of  WrisbergJ,  929 
interosseus  dorsalis,  970 

volaris,  965 
ischiadicus,  985 

rami  articulares,  985 
miMcuZarea,  985 
laerimalis,  915 
laryngeus  superior,  942 
ramus  extemus,  942 
tn/emu«,  942 
linaualis,  923 
lumboinguincUis,  977 
mandibularis,  921 
mofcefertrux,  921 
maxillarv,  917 

rami     alveolares     superiores 
posteriores,  917 
labialis  superiores,  919 
nasales  exiemi,  919 
palpebrales  inferiores,  919 
ramus  alveolaris  superior  an- 
teriores,  919 
medius,  919 
mea/iM  auditorii  extemi,  923 
medianus,  965 

rami  mi/«cutore«,  965 
ramti*  cutaneus  palmaris  n. 
mediani,  965 
m^ninc^eiM  medius,  917 
mtMcu2ocu/aneu«,  962 
ramus  dorsalis,  964 
volaris,  964 
mylohyoideus,  923 
nasocUiaris,  916 
o&tura/orius,  979 
acce«soriiM,  980 
ramus  anterior,  979 
posterior,  980 
occipitalis  major,  951 

mifjor,  956 
oculomotorius,  911 
ophthalmicus,  915 
opticus,  909 
pa^ah'nus  anterior,  920 
medius,  920 
posterior,  921 
perinei,  991  i 

peronaeus  communis,  989 

rami  articulares,  990  ' 

profundus,  990 
ptf^ostM  profundus,  919  i 

superficicUis  major,  919 
phrenicus,  957 
plantaris  lateralis,  989 

ramus  pro/un<fu«,  989 
superficialis,  989 
medialis,  988  ' 

pterygoideus  exiemufi,  922  i 

in/emus,  921 
pudendus,  991 
radialis,  968 

romi  muscii/ares,  969 
ramus  superficialis,  969  ' 

recurrens,  942 
sapAenti^,  981 
spermati^rus  extemus,  977 
spinostz^,  921 
splonchninis  imi4ft,  9J99 
major,  998 
minor,  999 


Nervus  stapedius,  932 
subseapularis,  960 
supraorbitalis,  916 
supratrochlearis^  916 
ihoracalis  longus,  960 
thoraeodorsalis,  961 
/i&ioZis,  987 

rami  'articulares,  987 
caleanei  mediates,  988 
miMcuZares,  987 
trigeminus,  914 
trochlearis,  913 
(jrmpanicus,  939 
uZnarts,  967 

rami  musculares,  967 
ramus  cutaneus  palmaris,  967 
dorsalis  manus,  967 
profundus,  968 
superficialis,  968 
volaris  manus,  968 
vagus,  940 

rami   bronchioles   anterior.es, 
^3 
posteriores,  943 
cardiad  inferiores,  943 

superiores,  942 
coeliaci,  943 
gastrici,  943 
hepatica,  943 
oesophagei,  943 
ramus  aurictUaris,  941 
menin^etM,  941 
pharyngeus,  942 
ves/i5uZaris,  1068 
xygonuiticus,  917 

ramu«  tygomaticofacialis,  918 
zygonuUicotemporalis,  918 
Net-work,  carpal,  dorsal,  678 
volar,  678 
malleolar  lateral,  724 
medial,  723 
Neumann,    dentinal    sheath    of, 

1120 
Neural  arch,  197 
canal,  88 
crest,  88,  120 
folds,  88 
groove,  88 
tube,  88 
Neurenteric  canal,  88 
Neuroblasts,  118 
Neurocentral  synchondrosis,  210 
Neuroglia,  70 
of  cord,  810 
Neurokeratin,  75 
Neurolemma,  75 
Neurology,  801 
Neuromeres,  806 
Neuromuscular  spindles,  1071 
Neuron  theory,  805 
Neurons,  motor,  lower,  897 
upper,  896 
sensory,  highest,  899 

intermediate,  899  I 

lowest,  899  , 

Neurotendinous  spindles,  1070 
Neutrophil    colorless   corpuscles,  i 

62 
Nidus  avis  of  cerebellum,  839 
Ninth  nerve,  937 
Nipple  or  papilla  of  mamma,  1 258 
Nissl's  granules,  72 
Node,  atrioventricular,  614 

sinoatrial,  614 
Nodes  of  Ranvier,  75 
Nodular  lobe.  839 
Nodule  of  cerebellum,  839 
Noduli  lymphatici  aggregati,  1175 

solitarii,  1175,  1185 
Nodulus  vermis,  839  i 

Non-medullated  nerve  fibres,  76    I 
Normse  of  skull,  basalis,  278 
frontalis,  285 
lateralis.  281 
occipitalis,  284  i 


Norms  of  skull.  verticaUs,  277 
Normoblasts,  51 
Nose,  1008 

accessory  sinuses  of,  1014 

alar  cartilages  of,  1009 

applied  anatomy  of,  1015 

arteries  of,  1009,  1012 

cartilage  of  septum  of,  1008 

cartilaginous    frame-work   of, 
1008 

cavities  of,  1010 

development  of.  111 

external,  1008 

lateral  cartilage  of,  1009 

lymphatics  of,  776 

mucous  membrane  of,  1012 

muscles  of,  468 

nerves  of,  1013 

veins  of,  1013 
Notch,  acetabular,  339 

cardiac,  1104 

cerebellar,  anterior,  837 

Cterior,  837 
>idal,  235 

intertragic,  1044 

jugular,  230 

lacrimal,  257 

mandibular,  273 

mastoid,  239,  280 

nasal,  of  frontal,  235 
of  maxilla,  257 

parietal,  239 

preoccipital,  867 

presternal,  217 

of  Rivinus,  1049 

scapular,  306 

sciatic,  336 

sphenopalatine,  268 

superior  thyroid,  1080 

supraorbital,  235,  286,  288 

ulnar,  of  radius,  321 

umbilical,  of  liver,  1194 

vertebral,  197 
Notochord,  90 
Nuchal  line,  227,  281 
Nuck,  canal  of,  187,  1251 
Nuclear  layer  of  cerebellar  cortex, 
843 

layers  of  retina,  1028 

matrix,  34 

membrane,  34 

substance,  34 
Nucleated   sheath   of   Schwann, 

73 
Nuclei  of  cochlear  nerve,  836,^935 

of  glossopharyngeal  and  vagus 
nerves,  829 

of  oculomotor  nerve,  911 

olivary,  830 

of  origin  of  motor  nerves,  908 

pontis,  835,  908 

of     termination     of     sensory 
nerves,  908 

of  trigeminal  nerve,  835,  855 

of  vestibular  nerve,  836,  935 
Nucleoli,  34 
Nucleus  of  abducent  nerve,  835 

of  accessory  nerve,  830,_944 

ambiguus,  829 

amygdalae,  883 

amygdaline,  839 

arcuatu^,  831 

of  Bechterew,  836,  935 

caudate,  881 

caudatus,  881 

of  a  cell,  34 

of  Darkschewitsch.  860 

of  Deiters,  836,  935 

dentatus  [of  cerebellum],  844 

dorsalis,  813 

emboliformis,  844 

of  facial  nerve,  836,  929 

fastigii,  844 

globosus,  844 

of  hypoglossal  nerve,  829 
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Nucleus,  inferior  central,  833 

irUercalaiuSi  848 

of  lateral  lemniscus,  935 

lateralis,  833 

of  lens,  1031 

lenticular,  881 

lentiform,  881 

leniiformiSf  881 

of  Luys,  860 

of  medial  longitudinal  fascicu- 
lus. 851 

nerviM  abducerUis,  835 
acu8ticit  836 
facialis,  836 
trigemini,  835 

of  oculomotor  nerve,  855,  911 

olivaris  superior,  835 

olivary,  830,  835 

of  posterior  commissure,  860 

pulposus,  104 

red,  850 

of  Roller,  833 

segmentation,  84 

sensory,  930 

trapezoid,  835 

of  trochlear  nerve,  855,  913 

of  vagus  nerve,  829 
Nuel,  space  of,  1067 
Nuhn,  glands  of,  1131 
Nutrient  artery  of  bone,  52 
Nutritive  yolk,  78 
Nymphae,  1257 


Obelion,  278.  296 
Obex,  846 
Oblique  cord,  423 
inguinal  hernia,  1187 
ligament,  423 
line  of  fibula,  360 

of  mandible,  271 

of  radius,  320 
muscles,  499.  503 

inferior,  1036 

superior,  1035 
popliteal  ligament,  439 
ridge  of  clavicle,  302 
sinus  of  pericardium,  603 
vein  of  left  atrium,  603,  731 

of  Marshall,  603,  731 
Obliquus  auriculae  muscle,  1046 
capitis  inferior  muscle,  491 

superior  muscle,  491 
externus  abdominis  muscle,  499 
inferior  muscle,  491 
intemus     abdominis     muscle, 

503 
oculi  inferior  muscle,  1036 

superior  muscle,  1035 
superior  muscle,  491 
Obliterated  ductus  venosus,  765 
hypogastric  artery,  700 
umbilical  vein,  765.  1150 
Obturator  artery,  702 

peculiarities  of,  703 
crest,  338 

externus  muscle,  573 
foramen,  339 
groove,  339 
internus  muscle.  572 

fascia  of,  510 
lymph  gland.  787 
membrane.  572 
nerve,  979 

accessory,  980 

applied  anatomy  of,  992 
tubercle,  339 
vein,  760 
Occipital  artery,  636 
bone,  227 

articulations  of,  231 

basilar  part  of,  230 

lateral  parts  of,  229 


Occipital  bone,  ossification  of,  231 
squama  of,  227 
structure  of,  231 

condyles,  229 

crest,  internal,  228,  292 

fossffi,  228 

groove,  239,  280 

lobe,  871 

lymph  glands,  774 

nerve,  951,  956 

point,  296 

protuberance,  227,  228,  282 

sinus.  743 

sulcus,  871 

triangle,  483,  645 

vein,  734 
Occipitoaxial  ligaments,  393 
Occipitofrontal  fasciculus,  891 
Occipitofrontalis  muscle,  465 
Occipitomastoid  suture,  282 
Occipitotemporal      convolution, 

871 
Ocular  muscles,  1034 

applied  anatomy  of,  1038 
Oculomotor  sulcus,  849 

nerve,  911 

applied  anatomy  of.  913 
Odontoblal^ts,  1119,  1123 
Odontoid  ligaments,  393 

process  of  axis,  200 
(Esophageal  arteries,  663,  685 

glands,  1146 

hiatus  in  diaphragm,  496 

nerves,  943 

plexus,  943 
CEsophagus.  1144 

abdominal  portion  of,  1 145 

applied  anatomy  of,  1146 

cervical  portion  of,  1144 

lymphatic  vessels  of,  800 

nerves  of,  1 146 

structure  of,  1145 

Ida  submitcosa,  1145 

thoracic  portion  of,  1 144 

tunica  mucosa,  1 146 
mujtcularis,  1145 

vessels  of.  1146 
Olecranon,  315 

fossa,  313 
Olfactory  areas,  111 

bulb.  874.  893 
structure  of,  894 

cells.  1012 

fasciculus.  887 

hair,  1012 

lobe,  874 

nerves,  908 

applied  anatomy  of,  909 
development  of,  134 

pits,  HI 

sulcus,  870 

tract,  874 

trigone,  875 
Oliva,  824 
OUve.  824 

peduncle  of,  830 
Olivary  body,  824 

nucleus,  830,  835 
Omental  bursa,  1152,  1155 
boundaries  of,  1155,  1156 

recess,  1156 
Omentum,  gastrocolic,  1157 

gastrohepatic,  1156 

greater,  1157 

lesser,  1156 

majus,  1157 

minus,  1156 

small,  1156 
Omohyoid  muscle,  482 
Omohyoideus  muscle,  482 
Ontogeny,  77 
Oocytes,  primary,  77 

secondary,  80 
Oogonia,  77 
Ooplasm,  77 


Opening  of  aorta  in  left  ventricle, 
612 

aortic,  in  diaphragma,  495 

atrioventricular,  left,  611 
right,  609 

caval,  in  diaphragma,  495 

of  coronary  sinus,  608 

of  inferior  vena  cava,  607 

cesophageal,     in     diaphragma, 
496 

of  pulmonary  artery,  609 
veins,  611 

saphenous,  562 

of  superior  cava,  607 

of  thorax,  601 
Openings  in  diaphragma,  495 

in  roof  of  fourth  ventricle,  847 
Opercula  of  insula,  873 
Ophryon,  296 
Ophthalmic  artery,  648 

ganglion,  917 

nerve,  915 

veins,  745 
Opisthion,  281,  296 
Opisthotic    centre    of    temporal 

bone,  244 
Opponens   digiti   quinti   muscle, 
555 

minimi  digiti  muscle,  555 

pollicis  muscle,  553 
Optic  axis,  1017 

chiasnla,  862,  909 

commissure,  862 

cup, 134 

disk,  1027 

foramen,  246,  250,  290 

groove,  246 

nerve,  909 

applied  anatomy  of,  911 

radiations,  857,  864 

recess,  865 

stalk,  126,  134 

thalamus,  855 

tracts,  863, 909 

vesicle,  126,  134 
Ora  serrata,  1026.  1029 
Oral  cavity.  1110 

part  of  pharynx,  1139 
Orbicular  ligament,  422 
Orbicularis  oculi  muscle,  467 
lacrimal  part,  468 
orbital  part,  468 
palpebral  part,  468 

oris  muscle,  471 

palpebrarum  muscle,  467 
Orbiculus  ciliaris  muscle,  1023 
Orbitae,  286 
Orbits,  28'6 

relation  of  nerves  in,  928 
Orbital  fascia,  1038 

fissure,  inferior,  284,  288 
superior,  249,  288,  290 

gyri,  870 

index,  296 

nerve,  917 

operculum,  873 

plates,  235 

process  of  palatine  bone,  267 
of  zygomatic  bone,  264 

septum,  1039 

sulcus,  870 

vein,  734 
Orbitalis  muscle  of  H.   MUller, 

1037 
Orbitosphenoids,  249  ' 
Organ,  enamel,  1123 

of  Girald^s.  1236 

of  hearing,  1043 

of  Rosenmaller.  181,  1244 

of  sight,  1017 

of  smell,  1008 

spiral,  of  Corti,  1065 
Organa  Qcnitalia  muliebria,  1243 
virilia,  1228 

oculi  accessoria,  1034 
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Organon  aitditita,  1043 
giistus,  1007 
olfacioritis,  1008 
spirdU  {Corti\,  1066 
visus,  1017 
Organs  of  digestion,  1109 
genital,  of  female,  1243 

of  male,  1228 
of  Golgi,  1069 
of  the  senses,  1007 
of  taste,  1007 
urogenital,  1206 
vomeronasal,  of  Jacobson,  113, 

1012 
Orifice,  atrioventricular,  left,  611 

right,  609 
cardiac,  of  stomach,  1161 
mitral,  611 
«^  mouth,  1110 

pyloric,  of  stomach,  1162 
urethral,  external,  1226,  1257 

internal,  1222 
of  uterus,  external,  1250 

internal.  1249 
vaginal,  1257 
Orifices  of  ureters,  1222 
Orifidum  ureihrae  externum,  1226, 

1257 
Origin  of  muscles,  462 
Os  ctcetabiUi,  340 
ccUcis^  362 
capitatum,  327 
coccygis,  209 
cordis,  613 
coxae,  333 

articulations  of,  340 

ossification  of,  340 

structure  of,  340 
cuboideum,  367 
cuneiforme  primiim,  369 

secundum,  369 

teriium,  370 
ethmoidale,  251 

lamina  cribrosa,  252 
perpendicularis,  252 
frontale,  233 
hamatum,  328 
hyoideum,  275 
mi,  333 
incisivum,  261 
innoninatum,  333 
ischii,  336 
lacrimale,  263 
lunatum,  323 
magnum,  327 
muMangulum  majus,  326 

minus,  327 
naviculare  manus,  323 

pedis,  368 
occipitale,  227 
pcUatinum,  265 

pars  horizonialis,  266 
perpendicularis,  266 
parietale,  231 
pisiforme,  326 
planum,  253 
2m&i«,  337 
sacrum,  206 

fades  dorsalis,  207 
pelvina,  206 
sphenoidale,  245 

a/oc  97}a(7na,  248 
parva,  249 
temporcUe,  237 
trigonum,  367 
iriquetum,  324 
zygomaticum,  263 
O^sa  carpi,  323 
crami,  227 
exiremitatia  inferioris,  333 

siiperioris,  301 
faciei,  255 
metacarpalia,  329 
metatarsalia,  371 
nasaha,  255 


Ofisa  sesamoidea,  376 

torsi,  362 
Ossein,  56 

Ossicles,  auditory,  1053 
development  of,  141 
ligaments  of,  1054 
Ossicula  audHus,  1053 
Ossification  of  atlas,  210 

of  axis,  210 

of  clavicle,  303 

of  coccyTc,  212 

of  ethmoidal,  254 

of  femur,  352 

of  fibula,  361 

of  foot,  374 

of  frontal,  237 

of  hand,  331 

of  hip  bone,  340 

of  humerus,  313 

of  hyoid,  277 

of  inferior  nasal  concha,  269 

intracartilaginous,  57 

intramembranouB,  56 

of  lacrimal,  263 

of  lumbar  vertebrs,  212 

of  mandible,  270 

of  maxilla,  262 

of  nasal,  256 

of  occipital,  231 

of  OS  coxse  or  innominatum,  340 

of  palatine,  268 

of  parietal,  233 

of  patella,  355 

of  radius,  321 

of  ribs,  224 

of  sacrum,  212 

of  scapula,  308 

of  seventh   cervical   vertebra, 
211 

of  sphenoidal,  251 

of  sternum,  220 

of  temporal,  244 

of  tibia,  359 

of  ulna,  319 

of  vertebral  column,  210 

of  vomer,  270 

of  zygomatic,  265 
Osteoblasts,  51 
Osteoclasts,  51,  1124 
Osteodentin,  1121 
Osteogenetic  fibres,  56 
Osteology,  195 

Ostium,    abdominal,    of   uterine 
tube,  1247 

maxillare,  1011 

pharyngeal,  of  auditory  tube, 
1139 

primitive  urogenital,  190 

primum  [heart],  149 

secundum  [heart],  149 
Otic  ganglion,  924 
Otoconia,  1063 
Outlet  of  pelvis,  341 
Ova,  primitive,  184 
Oval  area  of  Flechsig,  818 

bundle.  119 
Ovaria,  1243 
Ovarian  arteries,  697 

fossa,  1154,  1244 

plexus  of  nerves,  1004 

veins,  764 
Ovaries,  1243 

applied  anatomy  of,  1246 

descent  of,  184 

development  of,  184 

ligaments  pf,  1244 

lymphatic  vessels  of,  795 

nerves  of,  1246 

structure  of,  1245 

vesicular  or  Graafian  follicles 
of,  1245 

vessels  of,  1246 
Oviduct,  1247 
Ovula  Nabothi.  1252 
Ovum,  77 


Ovum,  corona  radiata  of.  78 

coverings  of,  77 

discharge  of,  1246 

fertilization  of,  82 

germinal  spot  of,  79 
vesicle  of,  79 

implantation  or  imbedding  of, 
97 

maturation  of,  79 

mature,  80 

segmentation  of,  84 

structure  of,  77 

yolk  of,  77 

zona  pellucida  or  radiata  of, 
79 
Oxyntic  cells,  1 166 

glands,  1166 
Oxyphil  colorless  corpuscles.  62 


Pacchionian  glands,  905 
Pacinian  corpuscles,  1069 
Pad,  retropubic,  1219 
Palatal  process  of  maxilla,  260 
Palate,  1112 

applied  anatomy  of,  1115 

arches  of,  1112 

bone,  265 

development  of,  112 

hard, 1112 

muscles  of,  dissection  of,  1114 

soft,  1112 

aponeurosis  of,  1112 
muscles  of,  1113 
Palatine  aponeurosis,  1112 
artery,  ascending,  634 

of  ascending  pharyngeal,  637 
descending,  642 
bone,  265 

articulations  of,  268 
horizontal  part  of,  266 
orbital  process  of,  267 
ossification  of,  268 
pyramidal  process  or  tuber- 
osity of.  267 
sphenoidal  process  of,  268 
vertical  part  of,  266 
foramen,  278 
nerves,  920 
process  of  maxilla,  260 
processes  of  fetus,  112 
tonsils,  1139 
uvula,  1112 
velum,  1112 
Palatoglossus  muscle,  1114.  1129 

note 
Palatopharyngeus  muscle,  1114 
Palatum,  1112 
durum,  1112 
moUe,  1112 
Palmar  aponeurosis,  550 
arch,  deep,  679 

superficial,  682 
cutaneous   branch   of   median 
nerve,  965 
of  ulnar  nerve,  967 
fascia,  550 

interossei  muscles,  556 
interosseous  arteries,  679 
ligaments,  427,  429 
nerve  of  ulnar,  deep,  968 
superficial,  968 
Palmaris  brevis  muscle,  554 

loniB^s  muscle,  538 
Palpebrae,  1038 

Palpebral  arteries,  internal,  650 
lateral,  649 
medial,  650 
commissures  or  canthi,  1038 
fissure,  1038 
ligaments,  1039 

medial,  468 
nerves  from  maxillary,  919 
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veins,   vesicoprostatic, ,  Pore,  gustatory,  1007 

Porta  of  liver,  1194 
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Plexus  of 
761 
vesical,  1005 
venous,  761 
Plexus  aarticus  ahdominalis,  1004 
arteriae  ovaricae,  1004 
brachial^    '^""^ 
cardii 

caro*t 


Portal  vein,  764 

applied  anatomy  of,  767 
development  of,  764 

Position  of  pelvis,  342 


Pretracheal  fascia,  477 
Prevertebral  fascia,  477 

part  of  base  of  skull,  106 
Pnckle  cells,  39 
Primary  areols  of  bone,  59 

oocytes^.  77. 

'js,  SJ> 
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Palpebral  raph^al,  468 
Pampiniform     s    of     sper- 
matic cord,  7' 
Pancreas,  1202 

accessory  due  175,  1206 

appUed  anatpf,  1206 

body  of.  120i 

developT[ient75 

duct  of,  176, 1 

head  of,  1203 

lymphaac  vq  of,  793 

neck  of,  1203 

nerves  o',  12< 

structui.  of,  $ 

surface  larkpf,  1307 

tail  of,  )^03 

uncinati  proj  of ,  1203 

vessels  c\  12» 
Pancreaticartci  691 

duct,  126 

accesfry,f,  1205 

veins,  70      ■ 
Pancreatic  m^  artery.  691 
Pancreaticdumal    artery, 
infeior.p 
superir,  61 

lymph  gind(92 

veins,  7i 

Pancreatidiez^  lymph  glands, 

7oo  I 

Papilla,  la«m41038 
foliata,  132 . 
mamtnad2^ 
Papillae,  ciunJUate,  1127 
\       conical,  28i 
filiform,  12$ 
fungifor  IfS 
of  skin,  7-^ 
\     of  tongu  Iw 
^Papillary  l-eof  skin,  1074 
\    process,  94 
*aracentraDhle,  870 
arachordc^ilages,  106 
Uradidyn.  V36 
^  xallel  8t)  0  Retzius,  1120 
ramastGpDcess,  230 
>  ajnediaullus,  870 
,  oinetrii,  ,249 
I  mephrbddy,  1210 
J  nuclei  1^05 
Qiasm& 
)iexu^87 
?ctalaa,  1153 
ph  gds,  791 
>Toilands,  1263 
plieoatomy  of,  1264 
'elQent  of,  166 
I'ot'of,  1264 
IS^afisa,  1153 
fnigf^.  88 

"T^horJfe, 

*d  duct,  ivJ3 

M,  1133    3 
ef^.es8ory  pj8'  ll^.^ 
,^-<^;?Hed  anaPK.  871 

^'  6>^fe  of.. 


,282 
,  868 
y.  663 


Parotid  gland,  vessels  of»  1136 

lymph  glands,  775 

plexus,  930 
Parotideomasseteric  fascia,  472 
Parovarium,  1244 
Pars  abdorntnalis  s,   sympaihxci, 
1001 

analis  recti,  1184 

b<isiUiris  porUiSt  833 

cephalica  «.  sympcUhici,  996 

cervicalis  s.  sympathici,  996 

dliaris  retinae,  135,  1023,  1026 

dorsalis  pontis,  834 

endopelvina  fasciae  pelvis,  512 

externa,  interna  et  media  [ex- 
ternal acoustic  meatus) , 
1046 

fiaccida  [tympanic  membrane], 
1050 

intermedia  [vestibular  bulb], 
1258 

iridica  retinae,  135.  1025,  1029 

laryngea  pharyngis,  1141 

mamiUaria  hypothalami,  127 

TMsalis  pharyngis,  1 139 

optica  hypothalami,  127 

oralis  pharyngis,  1139 

pelvina  s.  sympathici,  1001 

thoracalis  s.  sympathici,  998 
Partes  Qenitales    extemae  mulei- 

bres,  1256 
Parumbilical  veins,  767 
Patella,  354 

applied  anatomy  of,  366 

articulations  of,  355 

movements  of,  444 

ossification  of.  366 

structure  of,  355 

surface  anatomy  of,  1324 
Patellar  plexus,  979,  981 

retinacula,  439 

surface  of  femur,  350 
Pavement  epithelium,  37 
Pectinate  ligament  of  iris,  1021 
Pectineal  line,  348 
Pectineus  muscle,  567 
Pectiniforme  septum,  1238 
Pectoral  region,  dissection  of,  526 
Pectoralis  major  muscle,  426 

minor  niusde,  428 
Peculiar  thoracic  vertebrae,  203, 

204 
Peculiarities  of  fetal  heart,  161 
Pedicles  of  a  vertebra,  197 
Peduncle  of  carpus  callosum,  876 

of  olive,  830 
Peduncles  of  cerebellum,  841 

cerebral,  848 
Pedunculus  cerebri,  848 
PeMc  colon,  1181 

diaphragm,  510 
fascia  of,  510 

fascia,  510 

endopelvic  part  of,  612 

girdle,  301 

plexuses,  1005 

portion  of  sympathetic  cord, 
1001 
Pelvis,  340,  1147 

applied  anatomy  of,  344 

articulations  of,  404 

axes  of,  342 

boundaries  of,  340 

brim  of,  340 

cav-ity  of  lesser,  341 

diameters,  341,  342 


Pelvis,  male  and  female,  differ- 
'ences  between,  343 

mechanism  of,  408 

minor,  340 

position  of,  342 

renal,  1216 

superior  aperture  or  inlet  of, 
340 

surface  anatomy  of,  1324 
Penis,  1237 

applied  anatomy  of,  1240 

body  of,  1239 

corona  glandis,  1239 

corpora  cavernosa,  1238 

corpus  cavemosum  urethrae,  or 
corpus  spongiosum,  238 

crura  of,  1238 

deep  artery  of,  706 

dorsal  artery  of,  706 
veins  of,  761 

extremity  of,  1239 

fundiform  ligament  of,  1239 

glands,  1238 

nerves  of,  1240 

prepuce  or  foreskin  of,  1239 

root  of,  1239 

septum  pectiniforme,  1238 

structure  of,  1239 

suspensory  ligament  of,  1239 
Perforated    substance,    anterior, 
875 
posterior,  848 
Perforating    arteries,    of    hand, 
679  - 

firominTernal  mammary,  666 
from  plantar,  728 
from  profunda  femoris,  717 

cutaneous  nerve,  991 

fibres  of  Sharpey,  54 
Perforator  of  spermatozoon.  81 
Pericardiac  arteries,  664,  686 
Pericardiacophrenic  artery,  664 
Pericardial  area,  97 

pleura,  1095 
Pericardium,  601 

applied  anatomy  of,  603 

diverticula  of,  602 

fibrous,  601 

nerves  of,  603 

oblique  sinus  of,  603 

relations  of,  601 

serous,  602 

structure  of,  601 

transverse  sinus  of,  603 

vessels  of,  602 

vestigial  fold  of,  603 
Pericecal  folds,  1159 

possce,  1159 
Perichondrium,  47 
Perilymph,  1061 
Perimysmm,  64 
Perineal  arteries,  706 

body,  1184 

branch  of  fourth  sacral  ne*    /T" 
992  ^ 

muscle,  superficial  transverse, 
518,  520 

nerve,  991 
Perineum,  boundaries  of,  514 

central  tendinous  point  of,  518 

lymphatic  vessels  of,  787 

muscles  of,  514 
Perineurium,  801 
Periosteum,  61 
Peripheral  end-organ" 

nervous  system,  8*^ 
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Organon  auditus,  1043 
guslua,  1007 
olfactoriitSf  1008 
apiraU  ^^'^^^^  10^5 
viaus. 

Organs  •  •*^' 
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1  Ossa  seaamoidea,  376 

1      tarsi,  362 

'  Ossein,  56 

i  Xlaaiclea^jiuditqryi  .10^4. 


Ovum,  corona  radiata  of,  78 
coverings  of,  77 
discharge  of,  1246 
fertilization  of,  82 


I, 


1392 


INDEX 


4 


M 

U 

U 
h 
n 


a 


A 


Peritoneum,  1149 

epiploic  foramen  of,  1155 
lesser  sac  of,  1155 
ligaments,  1156 
main  cavity  or  greater  sac  of, 
1150 
horizontal   disposition   of, 
in  lower  abdomen,  1154 
in  pelvis,  1153 
in  upper  abdomen,  1154 
vertical  disposition  of,  1150 
mesenteries,  1157 
omenta,  1156 
omental  bursa  of,  1155 

vertical  disposition  of,  1 152 
parietal  portion  of,  1149 
visceral  portion  of,  1149 
Permanent  cartilage,  47 
choanse,  113 
kidney,  187 
teeth,  1117 

development  of,  1124 
Peronaeus  brevis  muscle,  583 
longus  muscle,  582 
t«rtius  muscle,  578 
Peroneal  artery,  726 
anterior,  726 
peculiarities  of,  726 
nerve,  common,  989 
applied  anatomy  of,  993 
deep,  990 
superficial,  990 
retinacula,  585 
septa,  576 
tubercle,  165 
Perpendicular  fasciculus,  891 
line  of  ulna,  318 
plate  of  ethmoid,  252 
Pea  or  base  of  cerebral  peduncle, 
849 
hippocampi^  881 
Petit,  canal  of,  1030 

trianfrle  of,  o24 
Petruoccipital  fissure,  280 
Petrosal  nerve,  deep,  919 
external,  997 
large  deep,  919 

superficial,  919,  931 
superficial,  greater,  919,  931 

smaller,  1056 
process,  246 
sinuses,  736,  746 
Petrosphenoidal  fissure,  280 
^Petrosquamous  sinus,  743 

suture.  241,  243 
Petrotympanic  fissure.  238,  280 
Petrous  ganglion,  938 

portion  of  temporal  bone,  241 
Peyer's  glands,  1175 

patches,  1175 
Phalangeal   processes  of  Corti's 

rodp.  1067 
PkfUangea  dioitonim  manua,  331 
^i./,-     pedU,  373 
V  of  foot,  373 

articulations  of,  459 
ossification  of,  374 
of  hand,  331 

articulations  of,  431 
ossification  of,  332 
Phar>'ngeal  aponeurosis,  1143 
artery,  ascending,  637 
ursa,  1139 
>oves,  108 
ne,  103 
ft.'n    glossopharyngeal, 

ihonor-^i'itine     gan- 

V"»* 


V, 


Phaiyngeal  tubercle.  230,  280 

veins.  737 
Pharyngopalatine  arch,  1112 
Pharyngopalatinus  muscle,  1114 
Pharynx.  1138 

aponeurosis  of,  1 143 

applied  anatomy  of,  1143 

development  of,  168 

laryngeal  part  of,  1141 

lymphatic  vessels  of,  779 

mucous  coat  of,  1143 

muscles  of,  1141 

nasal  part  of,  1 139 

oral  part  of,  1139 

structure  of,  1143 
Philtrum,  472 

Phrenic  arter>%  inferior,  697 
superior,  686 

nerve,  957 

plexus  of  nerves,  1003 

vein,  inferior,  764 
superior,  751 
Phrenicocolic  ligament,  1157 
Phrenicocostal  sinus,  1097 
Phrenicolicnal  ligament,  1155 
Phrenicopericardiac  ligament, 

right,  762 
Phylogeny,  77 
Pia  of  brain,  906 

of  cord,  906 

mater,  cerebral,  906 
encephali,  906 
spinalis,  906 

spinal,  906 
Pigment,  46 

of  iris,  1025 

of  skin,  1074 
Pigmentary  layer  of  retina,  1027 
Pigmented    connective-tissue 
cells,  46 

epithelial  cells,  46 
PUi,  1075 
PiUars  of  Corti,  1065 

of  external  abdominal  ring,  500 

of  fauces,  1112 

of  fornix,  886,  887 
Pineal  body,  859 

development  of,  859 
structure  of,  860 

eye  of  lizards,  860 

recess,  127,  865 
Pinna,  1044 

cartilage  of,  1044 

ligaments  of,  1044 
Piriformis  muscle,  571 

fascia  of,  511 
Pisiform  bone,  326 
Pisohamate  ligament,  427 
Pisomctacarpal  ligament,  427 
Pits,  olfactory,  111 
Pituitary  body,  861 
Pivot-joint,  382 
Placenta,  100 

circulation  through,  101,  616 

cotyledons  of,  101 

fetal  portion  of,  100 

maternal  portion  of,  100 

previa,  101 

separation  of,  101 
Plain  muscle,  67 
Plane,  intcrtubercular,  1147 

subcostal,  1147 

transpyloric,  1147 
Plantar  aponeurosis,  586 

arch,  727 

applied  anatomy  of,  728 

arteries,  727 

cutaneous  venous  arch,  756 
not-work. 


Plantaris^le,  579 
Planum  nde,  227 

occipita^l 
Plasma  ceiU 

Plate  or  Pli  cribriform,  of  etL 
moidaJi2 

ethmoide07 

orbital,  oontal,  2B5 

perpendicr,    of    ethmoidal, 
252 

pterygoid  sphemidal,  250 

tarsal,  10 
Platelets  of  od,  64 
Platysma  mle,  475 
Pleura,  109£ 

applied  aomy  of  1098 

cavity  of,  J5 

cervical,  1> 

costal,  109 

cupula  of,  95 

diaphragm  c,  10^ 

lymphatic  sdels  a,  800 

mediastinal  095 

nerves  of,  17 

parietal,  IG  ; 

pericardial,  )95 

pulmonary,  095    • 

reflections  c  1095 1 

structure  of  097   . 

surface  marngs  o|  1297 

vessels  of,  1^7       • 
Plexiform  laye  of  rf  na,  1028 
Plexus,  aortic  idomlal,  1004 

Auerbach's,  176    | 

basilar,  746 

brachial,  958 

cardiac,  1001 

carotid,  inter al,  9^ 

cavernous,  9J> 

cervical,  954 
posterior,  &1 

choroid  of  fotthybtricle,  8^ 
of  lateral  vntri<>,  887 
of  third  venricl^864 

coccygeal,  99S 

coeliac,  1002 

of  cornea,  102 

coronary,  lOOS,  ll1 

of  Exner,  893 

gastric,  1004 

hemorrhoidal,'  L00|| 
venous,  761 

hepatic,  1004 

hypogastric,  10D5 

infraorbital,  91 ) 

lienal,  1004 

lumbar,  975 

lumbosacral,  974 

Meissner's,  1176 

mesenteric,  1001, 

myenteric,  1176 

oesophageal,  043 

ovarian,  1004 

parotid,  930 

patellar,  979,  9?^ 


t 


I 


^- 


* 


pelvic,  1005      /J*5fj«f; 
pharyngeal.  ^^P:ih 
phrenic,  lOO 
prostatic,  lO|f|s;.rF 
pudendal,  d;'"^"'  * 

venous, 

pulmonar/^  J 
renal,  10  " 
sacral,  98^  i 

solar,  1002  ^ 

spermatic,  ^'i 
splenic,  lOO^  I 
of  submuc  C3>  *^^  L 
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ivoldal, 
1.250 


\   \ 


)^H 


bOO 


91297 

rina,  1028 
nal.  1004 


9- 


tri(»  8S7 
ritl664 


.Uv 


liK> 


I' 

1    ' 

9U» 

IT") 
OOi, 

94i! 

)C 

1 

.9M     ,.. 

)3      / 

111'     ; 

Plexus  of    veins,   vesicoprostatic, 
761 
vesioal,  1005 
venous,  761 
Plexus  aorticus  abdominalU^  1004 
arteriae  ovaricae,  1004 
brachialU,  958 
cardiacus,  1001 
caroiicus  intemua,  996 
caoemo»u.s,  996 
cerHcalia,  954 

ramus  anterior,  956 
posterior,  957 
ckorioideus  verUriculi  IcUeralis, 
887 
<tfr/u,  888 
coeliacuSt  1002 
coronarius  anterior,  1002 

posterior,  1002 
(7a«^'ciM  superior,  1004 
hepaiicua,  1004 
hypogastricus,  1005 
lienalis,  1004 
lumbalis,  975 
lumhosacralis,  974 
mesentericus  inferior,  1005 
pArenicu^r,  1003 
prostaticus,  1005 
pudendus,  991 
renalis,  1004 
sacralis,  982 
spermaticus,  1004 
suprarenalis,  1004 
r?no8i  basilaris  746 
haemorrhoidalis,  761 
pterygoideus,  734 
pudendalis,  761 
vertebrcUes  extemi,  754 

interni,  755 
vesicalis,  761 
P/ica  circular es  [Kerkringi],  1173 
fitnbriata  [tongue],  1126 
gubemairix,   186 
lacrimalis  of  Hasner,  1042 
semilunaris  [conjunctiva],  1041 

[tonsil],  1140 
sublingualis,  1137 
triangularis  [tonsil],  1140 
vascularis,  186 
veniriculdres  [laryugis],  1085 
vesicalis  transversa,  1153 
Plicae  uretericae,  1222 

vocales,  1086 
Pneumogastric  nerve,  940 
Polar  bodies  or  polocj'tes,  79 
Poles    of    cerebral    hemispheres, 
867 
of  eyeball,  1017 
of  lens,  1031 
Polymorphonuclear  leucocytes, 

62 
Polyspermy,  83 
Pomum  Adr  -^/.hnso 
PoTw,  833      ''-ile,  r   ' 
applied  anatc"'.  oi,  836 
development  of,  124 
hepatis,  1194 
structure  of,  834 
Varoli,  833 
Ponticulus  [auricula],  1044 
Pontine  arteries,  661 
Popliteal  artery,  718 

applied  anatomy  of,  719 
branches  of,  720 
PariJW^^^^^^es  of,  719 

ParoSphorJS^t  Vis 

Parotid  duct?i?y  ^^ 

gland,  1133      ygg 

surface  mar)  cut 


Pore,  gustatory,  1007 

Porta  of  liver,  1194 

Portal  vein,  764 

applied  anatomy  of,  767 
development  of,  764 

Position  of  pelvis,  342 

Postanal  gut,  174 

Postaxial  borders  of  limbs,  1 14 

Postcentral  sulcus,  870 

Postcornu,  879 

Posterior  annular  ligament,  550 
calcaneoastragaloid    ligament, 

453 
circumflex  artery,  671 
common  ligament,  385 
cornu  of  medulla  spinalis,  809 
costotransverse  ligament,  399 
cricoarytenoid  muscle,  1088 
deep  cervical  vein,  738 
dental  artery,  641 
inferior  ligament,  448 
interosseous  artery,  681 

nerve,  970 
ligament,  426 
pUlar  of  fauces.  1112 
pulmonary  nerves,  943 
radial  carpal  artery,  678 
radioulnar  ligament,  424 
sacrosciatic  ligament,  404 
scapular  arter>%  664 

nerve,  960 
superior  ligament,  448 
talotibial  ligament,  450 
temporal  artery,  638 
ulnar  carpal  artery,  682 
vertebral  vein,  738 

Postero-inferior  lobule,  839 

Postero-lateral  ganglionic  arteries, 
662 

Postero-medial    ganglionic   arte- 
ries, 653,  662 

Postero-superior  lobule,  838 

Postgemina,  854 

Postnodular  fissure,  838 

Postpartum  hemorrhage.  101 

Post  pyramidal  fissure,  839 

Postsphenoid  part  of  sphenoid, 
251 

Pott's  fracture,  593 

Pouch  of  Douglas,  1151 
of  Prussak,  1055 
of  Rathke,  166 

Pouches,  pharyngeal,  108 

Poupart's  ligament.  502 

PraepiUium  clitoridis,  1257 

Preauricular  Ijinph  glands,  775 
point,  1279 
sulcus  of  ilium,  335,  336 

Preaxial  borders  of  limbs,  1 14 

Precentral  gyre,  869 
sulcus,  869 

Prechordal    portion    of    base    of 
fetal  skull,  106 

Preclival  fissure,  869 

Precommissure,  887 

Precomu,  878 

Precuneus,  871 

Pregemina,  854 

Pregnancj',  abdominal,  83 
ovarian,  83 
tubal,  83 

Premaxilla,  261 

Premolar  teeth,  1118 

Preoccipital  notch,  867 

Prepatellar  bursa,  566 

Prepuce  of  clitoris,  1257 
of  penis,  1239 

development  of.  190 

Preputial  glands,  1239 
sac,  1239 

Prepyramidal  fissure,  838,  839 
tract,  816 

Presphenoid,  251      ^ 

Pressure  epiphyses,  59 

Presternal  notch,  217 


Pretracheal  fascia,  477 
Prevertebral  fascia,  477 

part  of  base  of  skull,  106 
Prickle  cells,  39 
Primary  areolsB  of  bone,  59 
oocytes,  77 
spermatocytes,  82 
Primitive  aortae,  143 
atrium,  145,  149 
costal  arches,  104 
digestive  tube,  92 
fibrillsB  of  Schultze,  74 
groove,  86 
jugular  veins,  157 
ova,  184 
palate,   112 
segments,  91 
sheath  of  nerve  fibre,  75 
streak,  86 

urogenital  ostium,  190 
ventricle  of  heart,  145 
Princeps  cervicis  artery,  636 

pollicis  art«ry,  678 
Prismata  adamantina,  1120 
Proamnion,  87 
Procerus  muscle,  469 
Process  or  Processes,  accessory, 

of  vertebrae,  205 
alveolar,  260 

articular,  of  vertebras,  197 
cUiary,  1023 
clinoid,  anterior,  249,  290 

middle,  246,  290 

posterior,  246,  290 
condyloid,  of  mandible,  273 
coracoid,  307 
coronoid,  of  mandible,  273 

of  ulna,  315 
costal,  199 

descending,  of  lacrimal,  263 
of  dura  mater,  900 
ethmoidal,  of  inferior  nasal 

concha,  268 
frontal,  of  maxilla,  260 
frontonasal.  111 
frontosphenoidal,  of  zygomatic, 

264 
globular,  of  His,  111 
intrajugular,  230 
jugular,  230,  281 
lacrimal,     of     inferior     nasal 

concha,  268 
lateral  nasal.  111 
lenticular,  of  incus.  1055 
malar,  of  maxilla,  260 
mamillary,  of  vertebrae,  205 
mastoid,  239 
maxiUary,  of  fetus,  112 

of  inferior  nasal  concha,  268 

of  palatine  bone,  267 

of  zygomatic  bone,  265 
muscular,  of  arytenoid,  1081 
nasal,  of  frontal  bone,  235 

of  maxilla,  260 
odontoid,  of    axis   or   epistro- 
pheus, 200 
orbital,  of  palatine  bone,  267 

of  zygomatic  bone,  264 
palatsJ,  of  maxilla,  260 
palatine,  of  fetus,  112 

of  maxilla,  260 
papillary,  of  liver,  1194 
paramastoid,  230 
petrosal,  246 

phalangeal,  of  Corti'srods,  1067 
pterygoid,  of  sphenoidal  bone, 

250 
pyramidal,    of   palatine   bone, 

267,  278 
sphenoidal,  of  palatine    bone, 
268 

of  septal  cartilage  of  nose. 
1009 

turbinated,   250 
spinous,  of  ilium,  336 
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Process  or  Proceases,  spinous,  of 
vertebrae,  197 

styloid,  of  fibula,  359 
of  radius,  321 
of  temporal  bone,  244,  280 
of  ulna,  319 

temporal,  of  zygomatic,  265 

transverse,  of  vertebrce,  197 

trochlear,  of  calcaneus,  365 

uncinate,  of  ethmoid,  253 

vaginal,  of  sphenoid,  250 
of  temporal,  243,  244 

vermiform,  1178 

vocal,  of  arytenoid,  1081 

xiphoid,  220 

xygomatic,  of  frontal,  235 
of  maxilla,  260 
of  temporal  bone,  237 
Processus     alveolaris     [maxiUae], 
260 

brevia  [malleus],  1054 

caiarea,  1023 

cochleariformiSt  243,  1052 

eondyloideuM  [mandUmlae],  273 

coracoideus  [scapulae],  307 

coronaideus  [mandibulae],  273 
[ulnare],  315 

frontalis  [maxillae],  260 

gracilis  [malleus],  1053 

orbitalia  [os  palatinum],  267 

palatintu  [maxillae],  260 

pterygoidei,  250 

pyramidalis  [os  palatinum],  267 

spinosus,  197 

Bplenddalis  [os  palatiniem],  268 

transversi,  197 

tubarius,  250 

vermi/ormis,  1178 

xiphoidetis,  220 

zygomaticus,  260 
Proctodeum,  174 
Prodentin,  1124 
Profunda  arteries,  674 

brachii  artery,  674 

cervicalis  artery,  666 

femoris  artery,  716  *, 

vein,  759 

linguae  artery,  632 
Projection  fibres  of  cerebral  hemi- 

sheres,  889 
Prominence  of  aqueduct  of  Fal- 
lopius,  1051 

of  facial  canal,  1051 

laryngeal,  1080 
Prominentia  canafis  facialis,  1051 
Prom4mtorium,  1051 
Promontory  of  tympanic  cavity, 

1051 
Pronator  quadratus  muscle,  540 

teres  muscle,  537 
Pronephric  duct,  180 
Pronephros,  180 
Pronucleus,  female,  80 

male,  83 
Prootic  centre  of  temporal  bone, 

244 
Prophase  of  karyokinesis,  35 
Prosencephalon,  88,  125,  855 
Prostata,  1241 

fades  anterior,  1241 
posterior,  1241 
Prostate,  1241 

applied  anatomy  of,  1242 

development  of,  189 

gland,  1241 

lobes  of,  1241 

lymphatic  vessels  of,  794 

nerves  of,  1 242 

structure  of,  1241 

vessc'ls  of,  1242 
Prostatic  ducts,  orifices  of,  1225 

plexus  of  nerves,  1005 

portion  of  urethra,  1225 

sinus,   1225 

utricle,  1225 


Prosthion,  296 

Prothrombin,  64 

Protoplasm.  33 

Protoplasmic     process   of   nerve 

cells,  72 
Protuberance,  mental,  271 

occipital,  227,  228,  282 
Prussak,  pouch  of,  1055 
Psalterium.  886 
Pseudocele,  887 
Pseudonucleoli,  34 
Pseudopodium,  63 
Psoas  magnus  muscle,  560 

major  muscle,  560 

applied  anatomy  of,  562 
fascia  covering,  559 

minor  muscle,  561 

parvus  muscle,  561 
Pterion,  249,  282,  296 

ossicle,  255 


Pulmonary  nerves,  943 
pleura,  1095 
semilunar  valves,  610 
veins,  730 

openings  of,  in  left  atrium, 
611 
Pulmones,  1101 
fades  costalis,  1102 

mediastinaiis,  1102 
mar  go  anterior,  1104 
inferior,  1103 
posterior,  1103 
Pulp  cavity  of  teeth,  1119 
dental,  1119 
of  spleen,  1267 
Pulvinar,  855 
Puncta  lacrimalia,  1041 

vasculosa,  875 
Pupil,  1024 

congenital  atresia  of,  136 


Pterotic  centre  of  temporal  bone,    Pupillary  membrane,  136,  1026 


245 
Pterygoid  canal,  250,  278 

fissure,  250 

fossa  of  sphenoid,  250 

hamulus,  250,  278 

muscles,  474 

plates,  250 

plexus  of  veins,  734 

processes  of  sphenoid,  250 

tubercle,  250 
Pterygoidei    muscles,    dissection 

of.  474 
Pterygoideus    extemus    muscle, 
474 

inter nus  muscle,  474 


Purkinje,  ceUs  of,  842 

fibres  of,  69 
Putamen,  882 
Pyloric  antrum,  1162,  1163 

artery,  689 

glands.  1166 

orifice  of  stomach,  1162 

part  of  stomach,  1162,  1163 

valve,  1164 

vein,  766 
Pyramid,  1052 

of  cerebellum.  839 

of  medulla  oblongata,  823 

of  temporal  bone,  241 

of  vestibule.  1058 


Pterygomandibular  ligament,  47 1    Pyramidal  cells  of  cerebral  cortex. 


raph^,  471 
Pterygomaxillary  fissure,  284 
Pterygopalatine  canal,  258,  267 

fossa,  284 

groove,  250 

nerve,  921 
Pterygospinous    ligament,     251, 

477 
Pubic  arch,  341 

bones,  articulation  of,  406 

ligaments,  407 

region,   1147 

tubercle  or  spine,  338 

vein,  760 
Pubis,  337 

angle  of,  338 

body  of.  337 

crest  of,  338 

iliopectineal  eminence  of,  338 

obturator  crest  of,  338 

rami  of,  337 

symphysis  of,  406 

tubercle  or  spine  of,  338 
Pubocapsular  ligament,  433 
Pubococcygeus  muscle,  514 
Pubofemoral  ligament,  433 
Puborectalis  muscle.  514 
Pubovesicales  muscles,  1221 
Pudendal  artery,  accessory,  704 
external,  761 
internal,  in  female,  706 
in  male,  703 

cleft  or  rima,  1170 

nerve,  991 
inferior,  985 

plexus,  nervous,  991 
venous,  761 

veins,  internal,  760 
Pudendum,  1256 
Pudic  arteries,  external,  716 
internal,  703 

nerve,  internal,  991 

veins,  internal,  760 
Pulmonary  artery.  620 

applied  anatomy  of,  621 


891 

decussation,  823 
eminence  of  tympanic  cavity, 

1052 
lobe  of  thyroid  gland,  1261 
process  of  palatine  bone,  267, 

278 
tract,  crossed,  815 
direct,  815 
Pyramidalis  muscle,  507 

nasi  muscle,  469 
Pyramids,  renal.  1210 
Pyramis  meduUae  oblongatae,  S23 


Quadrate  lobe  of  liver,  1 195 
Quadratus  femoris  muscle,  573 

labii  infcrioris  muscle,  470 
superioris  muscle,  469 

lumborum  muscle,  510 
fascia  covering,  510 

menti  muscle,  470 

plantae  muscle,  589 
Quadriceps  ext^*^r  muscle,  565 

femoris  muscj^,  o65 
Quadrigeniinal  nodies,  853 


]  Radial  artery,  676 

applied  anatomy  of,  676 

branches  of,  678 

carpal,  678 

peculisrities  of,  676 

recurrent,  678 

surface  marking  of,  1322 
fibres  of  cerebral  cortex.  893 
fossa,  312 
nerve,  96^ 
Sulcus,  311 
tuberosity.  320 
Radialis  indicis  artery,  679 


opening  of,  in  right  ventricle,    Radiate  ligament,  396 

609  ^sifirnocostal  ligaments,  399 

ligament S;  1095,  1097  ^Radiocarpal  articulation.  425 
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Radiocarpal  articulation,  applied 
anatomy  of,  426 
movements  of,  426 
Radioulnar    articulation,    distal, 
423 
movements  of,  425 
proximal,  422 
movements,  423 

ligaments,  424 

union,  middle,  423 
Radius,  319 

applied  anatomy  of,  321 

articulations  of,  321 

grooves  on  lower  end  of,  321 

oblique  line  of,  320 

ossification  of,  321 

sigmoid  cavity  of,  321 

structure  of,  321 

surface  anatomy  of,  1314 

tuberosity  of,  320 

ulnar  notch  of,  321 
Radix  areas  vertebrae^  197 

linguae,  1126 

penis,  1239 

pUi,  1075 

pulmonis,  1105 
Rami   communicantes,  949,   950, 
995 

of  ischium,  337 

of  pubis,  337 
Ramtis  inferior  ossis  ischii,  337 
jmbis,  338 

of  mandible,  272 

mandibulae^  272 

superior  oss.  inchii,  337 
pubis,  337 
Ranine  artery,  632 

vein,  736 
Ranvier,  crosses  of,  75 

nodes  of,  75 
Raph6,  anococcygeal,  516 

lateral  palpebral,  468 

of  medulla,  822 

of  palate,  1112 

pterygomandibular,  471 

of  scrotum,  1228 
Rathke,  pouch  of,  166 
Recepta.adum  chyli,  772 
Recess,  epitympanic,  240,  1049 

nasopalatine,  1012 

omental,  1156 

optic,  865 

pharyngeal.  1139 

pineal,  127,  865 

sphenoethmoidal,  293,  1010 
Recesses,  lateral,  of  fourth  ven- 
tricle, 845 

peritoneal,  1157 

of  Troltsch,  1055 
Recessus  ellipticus,  1058 

infundibuli,  864 

inter sigmxndeus,  1160 

pinealis,  127,  865 

sacciformis,  425 

spfiaericus,  1058 

suprapinealis,  865 
Reciprocal  reception,  articulation 

by,  382 
Rectal  ampulla,  1183 

columns  of  Morgagni,  1184 

layer  of  pelvic  fascia,  513 
Rectococcygeal  muscles,  1185 
Rectouterine  folds,  1250 
Rectovesical  excavation,  1151 

folds,  1153 

layer  of  pelvic  fascia,  512 
Recto vesicales  muscles,  1221 
Rectum,  1182 

ampulla  of,  1183 

anal  part  of,  1184 

development  of,  172 

Houston's  valves  of,  1183 

lymphatic  vessels  of,  792 

relations  of,  1183 

surgical  anatomy  of,  1190 


Rectus  abdominis  muscle,  506 
dissection  of,  505 
sheath  of,  506 
capitis  anterior  muscle,  484 
anticus  major  muscle,  484 

minor  muscle,  484 
lateralis  muscle,  484 
posterior  major  muscle,  491 
minor  muscle,  491 
femoris  muscle,  565 
muscles  of  eyeball,  1035 
Recurrent    artery,    interosseous, 
682 
radial,  678 
tibial,  722,  723 
ulnar,  680 
branches  from  deep  volar  arch, 

679 
laryngeal  nerve,  942 
nerve,  942 
Red  corpuscles,  61 

nucleus,  850 
Reflected  inguinal  ligament,  502 
Reflections  of  pleurs,  1095 
Refracting  media  of  eye,  1030 
Region,  iliac,  1147 
lumbar,  1147 
pubic,  1147 
Regions  of  abdomen,  1147 
Reil,  island  of,  873 
Reissner,    vestibular    membrane 

of.  1063 
Renal  arteries,  696 
columns,  1211 
fascia,  1209 
impression,  1192 
pelvis,  1210.  1216 
plexus,  1004 
pyramids,  1210 
sinus,  1210 
tubules,   1212 
veins.  764 

vessels,  afferent   and  efferent, 
1212,  1214 
Renes,  1206 

extremitas  inferior,  1209 

superior,  1209 
fades  anterior,  1207 

posterior,  1208 
margo  lateralis,  1209 

medialis,  1209 
substantia  corticalis,  1211 

medullaris,  1210 
vaseula  glomerulus,  1212 
Reproduction  of  cells,  34 
Respiration,  mechanism  of,  497 
Respiratory  apparatus,  1079 
development  of,  177 
nerve  of  Bell,  957,  960 
system,  1079 
Restiform  bodies  of  medulla,  841 
Rete  canalis  hypoglossi,  746 
foraminis  owilis,  747 
testis,  1233 
Retia  venosa  vertebrarum,  755 
Reticular  lamina.  1067 
layer  of  skin,  1074 
tissue,  44 
Reticularis  alba,  833 

grisea,  833 
Retiform  tissue,  44 
Retina,  1026 

central  artery  of,  660 
development  of,  135 
fovea  centralis,  1026 
layers  of,  1027 
macula  lutea,  1026 
membrana      limitans     interna, 
1029 
externa,  1029 
ora  serrata,  1026 
structure  of,  1027 
supporting  frame-work  of,  1029 
Retinacula  of  hip-joint,  432 
patellar,  439 


Retinacula  peroneal,  585 
Retrahens  aurem  muscle,  1045 
Retrocecal  fossa,  1160 
Retroglandular  sulcus  of  penis, 

1239 
Retroperitoneal  fossee,  1157 
Retropharyngeal   lymph   glands, 
776 

space,  477 
Retropubic  pad,  1219 
Retzius,  colored  lines  of,  1121 
Rhinal  fissure,  external,  128 
Rhinencephalon,  128.  874 
Rhodopsin,  or  visual  purple,  46, 

1026 
Rhombencephalon,  90,  122,  821 
Rhombic  grooves,  124 

lip,  123 
Rhomboid  fossa,  847 

impression,  303 

ligament,  410 
Rhomboideus  major  muscle,  525 

minor  muscle,  525 
Rhomboids,  nerve  to,  960 
Ribs,  220 

applied  anatomy  of,  179 

common  characteristics  of,  221 

development  of,  104 

false,  220 

floating  or  vertebral,  221 

ossification  of,  224 

peculiar,  223 

structure  of,  224 

true,  220 

vertebrochondral,  221 

vertebrosternal,  220 
Ridge,  ganglion,  88,  120 

supracondylar,  lateral,  311 
medial,  312 

trapezoid  or  oblique,  302 
Ridges,  bicipital,  311 
Right  atrium,  dissection  of,  607 

auricle,  606 

auricular  appendix,  606 

coronary  plexus,  1002 
veins,  730 

gastroepiploic  glands,  788 

ventricle,  dissection  of,  609" 
Rima  glottidis,  1087 

of  mouth,  1110 

palpebrarum,  1038 

pudendal,  1256 
Ring,  abdominal,  external,  500 
internal,  508 

femoral,  712 

inguinal,  abdominal,  508 

subcutaneous,  500 

t>inpanic,  245 
Rings,  fibrous,  of  heart,  613 
Risorius  muscle,  472 
Rivinus,  ducts  of,  1 137 

notch  of,  1049 
Rod-bipolars  of  retina,  1028 
Rod-granules  of  retina,  1029 
Rods  and  cones,  layer  of,  1029 

of  Corti,  1065 

of  retina,  1029 
Rolando,  fissure  of,  868 

substantia  gelatinosa  of,  809 

tubercle  of,  825 
Roller,  nucleus  of,  833 
Roof  plate,  117 
Root  of  lung,  1105 

of  penis,  1239 
Root-sheaths  of  hair,  1077 
Roots  of  spinal  nerves,  818,  948 

of  teeth,   1116 

of  zygomatic  process,  237 
Rosenmaller,  fossa  of,  1138,  1139 

lymph  gland  of,  783 

organ  of.  181,  1244 
Rostrum  of  corpus  callosum,  876 

sphenoidal,  247 
Rotary  joint,  382 
Rotation,  movement  of,  383 
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Rotatores  muscles,  490 

spinae  muscle,  490 
Round  ligament  of  liver,  1195 

of  uterus,  1251 
Ruffini,  corpuscles  of,  1070 
Rust-colored  layer  of  cerebellar 

cortex,  843 


S 


Sac,  dental,  1123 
lacrimal,  1041 
of  peritoneum,  greater,  1150 

lesser,  1152 
preputial,  1239 
Saccule,  laryngeal,  1086 

of  vestibule,  1062 
Sacculus,  1062 
Saccus  lacrimalis,  1042 

vaginalis,  186 
Sacral  arteries,  lateral,  707 
artery,  middle,  698 
canal,  208 
cornua,  207 
crests,  207,  208 
foramina,  206,  208 
groove,  207 
hiatus,  207 
lymph  glands,  787 
nerves,   divisions  of,   anterior, 
982 
posterior,  953 
nucleus  of  medulla  spinalis,  813 
plexus,  982 

applied  anatomy  of,  992 
tuberosity,  208 
veins,  760,.  762 
Sacrococcygeal  ligaments,  406 
Sacrogenital  folds,  1153,  1250 
Sacroiliac  articulation,  404 

ligaments,  404,  405 
Sacrosciatic  ligament-s,  404,  405 
Sacrospinalis  muscle,  480 
Sacrovertebral  angle,  206 
Sacrum,  206 
ala  of,  208 
apex  of,  208 
articulations  of,  208 
auricular  surface  of,  208 
base  of,  208 
ossification  of,  212 
structure  of,  208 
variations  of,  209 
Saddle-joint,  382 
Sa^ttal  fossa  of  liver,  1194 
sinus,  inferior,  741 

superior,  740 
sulcus,  228.  232,  235 
suture,  232,  277 
Salivary  glands,  1133 
development  of,  164 
parotid,  1133 
structure  of,  1137 
sublingual,  1135 
submaxillary,  1135 
Salpingopalatine  fold,  1139 
Salpingopharyngeal  fold,  1139 
Salpingopharyngeus  muscle,  1143 
Salter,  incremental  lines  of,  1120 
Santorini,  cartilages  of,  1081 

duct  of,  1205 
Saphenous  nerve,  981 
external,  988 
internal,  981 
long,  981 
short,  988 
opening,  564 
veins,  756,  757 

applied  anatomy  of,  757 
Sarcolemma,  64 
Sarcomere,  66 
Sarcoplasm,  65 
Sarcostyles,  65 
Sarcous  elements  of  muscles,  66 


Sartorius  muscle,  565 
Scala  media  [cochlea],  1063 

tympani,  1060 

vestibuli,  1060 
Scalene  tubercle,  224 
Scalenus  anterior  muscle,  484 

anticus  muscle,  484 

mediuB  muscle,  484 

posterior  muscle,  485 

posticus  muscle,  485 
Scalp,  applied  anatomy  of,  466 

lymphatic  vessels  of,  776 
-    muscles  of,  dissection  of,  464 

skin  of,  465 
Scapha,  1044 
Scaphoid  bone,  323,  368 

fossa  of  sphenoid,  250,  278 
Scapula,  304 

acromion  of,  306 

applied  anatomy  of,  309 

articulations  of,  309 

coracoid  process  of,  307 

glenoid  cavity  of,  307 

ligaments  of,  412 

ossification  of,  308 

spine  of,  306 

structure  of,  308 

surface  anatomy  of,  1313 

surfaces  of,  304,  305 
Scapular  arteries,  663,  664 

circumflex  artery,  671 

nerve,  posterior,  960 

notch,  3Q;r 
Scapuloclavicular    articulation, 

411 
Scapus  or  shaft  of  hair,  1077 

pUi,  1077 
Scarpa,  fascia  of,  499 

foramina  of,  261,278 

ganglion  of,  1068 

triangle  of,  712 
Schindylesis,  381 
Schlemm,  canal  of,  1018 
Schreger,  lines  of,  1120 
Schultze,  primitive  fibrillse  of,  74 
Schwann,  white  matter  of,  75 
Sciatic  artery,  706 

foramen,  406 

nerve,  985 

applied  anatomy  of,  993 
small,  985 

notch,  336 

veins,  760 
Sclera,  1017 

structure  of,  1018 
Scleral  spur,  1019 
Scleratogcnous  layer,  102 
Sclerocorneal  junction,  .1018 
Sclerotome,  102 
Scrotal  arteries,  posterior,  705 

nerves,  posterior,  991 
Scrotum,  1228 

applied  anatomy  of,  1230 

dartos  tunic  of,  1229 

integument  of,  1228 

nerves  of,  1229 

raph6  of,  1228 

vessels  of,  1229 
Sebaceous  glands,  1078 
Second  cuneiform  bone,  369 

metacarpal  bone,  329 

metatarsal  bone,  372 

nerve,  909 
Secondary  areolae  of  bone,  58 

dentin,  1121 

oocytes,  80 

sensory  fasciculus.  817 

spermatocytes,  82 

tympanic  membrane,  1051 
Secretion,  internal,  1260 
Segment,  internodal,  75 

of  Lantermann,  75 

medullary,  75 
Segmentation  of  cells,  34 

of  fertilized  ovum,  84 


Segmentation  nucleus,  84 
Segments,  primitive,  91 

spinal,  806 
SeUxi  turcica,  246,  290 
Semicanalis  m.  tensoris  tympani, 
243,  1052 

ivbae  auditivae,  243,  1052 
Semicircular  canals,  bony,  1058 
membranous,  1062 

ducts,  1062 

structure  of,  1063 
Semilunar  bone,  323 

iibrocartilages  of  knee,  441,  442 

ganglion  of  abdomen,  1002 
'of  trigeminal  nerve,  914 

lobules  of  cerebellum,  838,  839 
Semimembranosus  muscle,  575 
Seminal  duct.  1235 

vesicles,  1236 
Semispinalis  capitis  muscle,  489 

cervicis  muscle,  489 

colli  muscle,  489 

dorsi  muscle,  489 
Semitendinosus  muscle,  575 
Sensations,    general,    peripheral 
terminations    of    nerves   of, 
1069 
Senses,  organs  of,  1007 
development  of,  117 

special,   peripheral  organs  of, 
1007 
Sensory  areas  of  cerebral  cortex, 
894 

decussation,  827 

neurons,  lower  and  upper,  896, 
897 

tract,  897 
Separation  of  embryo,  92 
Septum,  aortic,  150 

canalis     mtisculolubarii,     243, 
1052 

crural,  712 

femorale,  712 

inferius  of  heart,  149 

intermedium,  148 

interventricular,  612 

lucidum,  887 

mobile  nasi,  1009 

nasi,  293 

of  nose,  293,  1012 

orbital,  1039 

pectiniforme  penis,  1238 

pellucidum,  887 
cavity  of,  887 

primum,  149 

secundum,  149 

spurium,  146 

subarachnoid,  905 

of  tongue,  1132 

transversum,  178 

of  semicircular  ducts,  1063 

urorectal,  172 

ventricular,  149,  612 

veniriculorum,  612 
Serosa,  or  false  amnion,  96 
Serous  ^ands  of  tongue,  1131 

pericardium,  602 
Serratus  anterior  muscle,  529 

magnus  muscle,  529 

posterior  inferior  muscle,  493 
superior  muscle,  493 

posticus  inferior  muscle,  493 
superior  muscle,  493 
Sertoli,  cells  of,  1233 
Sesamoid  bones,  376 

cartilages,  1009 
Seventh  nerve,  929 
Shaft  of  hair,  1077 
Sheath  or  Sheaths  of  arteries,  597 

carotid,  477 

crural,  710 

dentinal,  of  Neumann,  1120 

femoral,  710 

fibrous,  of  flexor  tendons,  540 

of  flexor  tendons  of  fingers,  540 
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Sheath  or  Sheaths  of  flexor   ten- 
dons of  toes,  588 

mucous,  380 

of  tendons  around  ankle,  586 
on  back  of  wrist,  550 
in  front  of  wrist,  548 

of  rectus  abdominis  muscle,  506 
Shin  bone,  355 
Short  bones,  196 

calcaneocuboid  ligament,  454 

gastric  veins,  766 

plantar  ligament,  454 

saphenous  nerve,  988 
vein,  757 
Shoulder  blade,  304 

girdle.  301 

muscles  of,  530 

dissection  of,  530,  531 
Shoulder-joint,  414 

applied  anatomy  of,  417 
bursse  near,  415 
movements  of,  416 
vessels  and  nerves  of,  416 
Sibson's  fascia,  1096 
Sight,  organ  of,  1017 
Sigmoid  arteries,  695 

cavity  of  radius,  321 
ofulna,  315,  318 

colon,  1181 

flexure,  1181 

mesocolon,  1153 

sinus,  743 

sulcus,  240 
Simple  epithelium,  36 

papillae  of  tongue,  1128 
Sinuses  or  Sinuses,  accessory,  of 
nose,  1014 

aortic,  612 

basilar,  746 

cavernous,  744 

cervicalis,  110 

circular,  746 

confluence  of,  743 

coronar>',  730 

costomediastinal,  1097 

cranial,  234  note 

of  dura  mater,  740 

of  epididymis,  1231 

of  external  jugular  vein,  735 

frontal,  235,  1014 

intercavernous,  746 

laryngeal,  1086 

lateral,  742 

longitudinal,  superior,  740,  741 

maxillary.  259,  1015 

of  Morgagni,  1142 

occipital,  743 

of  pericardium,  603    • 

petrosal,  746 

petrosquamous,  743 

phrenicocostal,  1097 

pocularis,  1225 

prostatic,  1225 

pjnriformis,  1141 

renal,  1210 

rhomboidalis,  88 

sagittal,  740,  741 

septum,  146 

sigmoid,  743 

sphenoidal,  247,  1014 

sphenoparietal,  744 

straight,  741 

tentorial,  742 

tonsillaris,  111 

transverse,  742,  746 

urogenital,  188 

of  Valsalva,  610,  612 

venarum,  606 

venosus,  145 
Sinus  or  Sinuses,  cavemosus,  744 

coronarius,  730 

durae  matris,  740 

frontales,  1014 

intercavernosi,  746 

maxillaris,  295,  1015 


Sinus  or  Sinuses,  occipitalis^  743 
parancLsales,  1014 
petrosu^  inferior,  736,  746 

superior,  746 
rectus,  741 
sctQittalis  inferior,  741 

superior,  740 
sphenoidales,  1014 
tarsi,  362,  367 
transversus,  742 
venosus,  606 
sclerae,  1018 
Sinusoids  of  Minot,  599 
Sixth  nerv-e,  927 
Skein,  or  spirem,  35 

coccygeal,  1273 
Skeins,  carotid,  1273 
Skeletal  muscular  tissue,  64 
Skeleton,  195 

development  of,  102 
Skene's  duct,  190 
Skin.  1071 

appendages  of,  1075 
hairs,  1075 
nails,  1075 

sebaceous  glands,  1078 
sudoriferous  or  sweat  glands, 
1078 
arteries  of,  1074 
corium  or  cutis  vera,  1074 
development  of,  1 16 
epidermis  or  cuticle,  1071 
furrows  of,  1072 
nerves  of,  1074 
papillary  layer  of,  1074 
reticular  layer  of,  1074 
of  scalp,  dissection  of,  465 
stratum  comeum,  1072 

mucosum,  1072 
true  1074 
Skull,  226 

applied  anatomy  of,  297 
development  of,  105 
differences  in.  due  to  age,  294 
diseases  of,  298 
exterior  of,  277 
fossa  of,  anterior,  288 
middle,  290 
posterior,  291 
interior  of,  288 
norma  basalis,  278 
frontalis,  285 
lateralis,  281 
occipitalis,  284 
verticalis,  277 
sexual  differences  in,  295 
surface  anatomy  of,  1275 
tables  9f,  196 

upper  surface  of  base  of,  288 
Skull-cap,  inner  surface  of,  288 
Slightly  movable  joints,  381 
Small  cardiac  vein,  730 
cavernous  nerves,  1005 
intestine,  1168 

areolar  or  submucous   coat 

of,  1173 
circular  folds  of,  1173 
duodenum,  1169 
glands  of,  1175 
ileum,  1171 
jejunum,  1171 

lymphatic  nodules  of,  aggre- 
gated, 1175 
solitary,  1175 
vessels  of,  792 
Meckel's     diverticulum     of, 

1178 
mucous  membrane  of,  1173 
muscular  coat  of,  1173 
nerves  of,  1176 
Peyer's  glands  of,  1175 
serous  coat  of.  1172 
valvulae  conniventes  of,  1173 
vessels  of,  1176 
villi  of,  1173 


Small  sjiphenous  vein,  757 
sciatic  nerve,  985 
wings  of  sphenoid.  249 
Smaller  occipital  nerve,  956 
Smallest  cardiac  veins,  731 
Smell,  organ  of.  1008 
Soft  palate,  1112 

aponeurosis  of,  1112 
arches  or  pillars  of,  1112 
muscles  of,  1113 
Solar  plexus,  1002 
Sole   of   foot,    muscles   of,    first 
layer,  587 
fourth  layer,  590 
second  layer,  589 
third  layer,  589 
Soleus  muscle,  579 
Solitary  cells  of  medulla  spinalis, 
813 
glands,  1175 
Somatic  cells,  77 

fibres  of  spinal  nerves.  950 
layer  of  mesoderm,  88 
Somatopleure,  88 
Space  or  Spaces,  of  angle  of  iris, 
1021 
of  Burns,  477 
corneal,  1020 
epidural,  993 
interpleural,  1098 
of  Fontana,  1021 
intercostal.  221 
interglobular,  1120 
of  Nuel,  1067 
popliteal,  718 
retropharyngeal,  477 
of  Retzius,  1224 
subarachnoid,  904 
suprasternal,  477 
Spatia  zonularis,  1030 
Spaiium  perichorioideale,  1017 
Special  dental  germ,  1122 

end-organs  of  nerves,  1069 
Spermatic  artery,  internal,  697 
canal,  508 
cord,  1229 

applied  anatomy  of,  1230 
structure  of,  1230 
fascia,  external,  501,  1229 
plexus  of  nerves,  1004 

applied  anatomy  of,  1004 
veins,  763 

applied  anatomy  of,  763 
Spermatids,  82,  1233 
Spermatoblasts,  1233 
Spermatocytes,  82,  1233 
Spermatogonia,  82,  1233 
Spermatozoon   80,  1233 

body  or  connecting  piece  of,  81 
formation  of,  1233 
head  of,  80 
neck  of,  80 
perforator  of,  81 
tail  of,  82 
Sphenoethmoidal  recess,  293, 
1010 
suture,  288 
Sphenofrontal  suture,  282,  288 
Sphenoid  bone,  245 
Sphenoidal  air  sinuses,  247,  1014 
bone.  245 

articulations  of,  251 
body  of.  246 
ossification  of,  251 
pterygoid  processes  of,  250 
wings  of,  great,  248 
small.  249 
conchas,  250 
crest,  247 

process  of  palatine  bone,  268 
of  septal  cartilage  of  nose, 
1009 
rostrum,  247 
spine,  248,  280 
turbinated  processes,  250 
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Sphenomandibular  ligament,  395, 

477 
Sphenomaxillary  fissure,  284 

fossa,  284 
Sphenopalatine  artery,  642 
foramen,  267 
ganglion,  919 
nerves,  918 
notch,  268 
Sphenoparietal  sinus,  744 

suture,  282 
Sphenosquamosal  suture,  282 
Sphenozygomatic  suture,  282 
Sphincter   ani   externus   muscle, 
516 
intemus  muscle,  516 
pupillae  muscle,  1025 
recti  muscle,  514 
urethrae  membranaceae   mus- 
cle, 520,  521 
vaginae  muscle,  520 
Spigelian  lobe  of  liver,  1195 
Spina  angularis  [sphenoid),  248, 
280 
helicia,  1044 
scapulae,  306 
vestibuli,  146 
Spinal,  accessory  nerve,  944 
arteries,  660 
bulb,  822 
column,  196 
cord,  805 
dura  of,  902 
pia  of,  906 
ganglia,  948 

structure  of,  949 
nerves,  947 

arrangement     into     groups, 

947 
connections  with  sympa- 
thetic, 949 
development  of,  81 
divisions  of,  951 
anterior,  954 
posterior,  951 
points  of  emergence  of,  947 
roots  of,  818,  948 
size  and  direction  of,  949 
somatic  fibres  of,  950 
structure  of,  950 
sympathetic  fibres  of,  950 
segments,  806 
Spinalis  capitis* muscle,  489 
cervids  muscle,  489 
colli  muscle,  489 
dorsi  muscle,  489 
Spindle,  achromatic,  36 
aortic,  624 
neuromuscular,  1071 
neurotendinous,  1070 
Spine  or  Spines,  ethmoidal,  246, 
290 
of  frontal  bone,  235 
iliac,  336 
ischial,  336 
mental,  271 
nasal,  anterior.  257,  262,  286 

posterior,  266,  278 
pubic,  338 
of  scapula,  306 
sphenoidal,  248.  280 
suprameatal,  244,  283 
of  tibia,  355 
trochlear,  235 
Spinoglenoid  ligament,  413 
Spinoolivary  fasciculus,  830 
Spinotectal  fasciculus,  817 
Spinothalamic  fasciculus,  817 
Spinous  process  of  a  vertebra,  197 
Spiral  canal  of  modiolus,  1060 
ligament,  i.064 
line  of  femur,  348 
organ  of  Corti,  1065 
thread  of  spermatozoon,  81 
tube  of  kidney,  1212 


Spirem  or  skein,  35 
Splanchnic   fibres  of  spinal 
nerves,  950 

layer  of  mesoderm,  88 

nerves,  998,  999 
Splanchnology,  979 
Splanchnopleure,  88 
Spleen  or  lien,  1266 

accessory,  1267 

applied  anatomy  of,  1270 

bloodvessels  of,  1267 

development  of,  176 

lymphatic  nodules  of ,  1268 
vessels  of,  793 

Malpighian  bodies  of,  1268 

relations  of,  1266 

size  and  weight  of,  1267 

structure  of,  1267 

supernumerary,  1267 

surface  marking  of,  1307 
Splenial  centre  of  ossification,  274 
Splenic  artery,  691 

distribution  of,  1267 

ceUs.  1267 

glands,  788 

flexure  of  colon,  1180 

plexus,  1004 

pulp,  1267 

vein,  765 
Splenium  of  corpus  callosum,  876 
Splenius  capitis  muscle,  486 

cervicis  muscle,  487 

colli  muscle,  487 
Spongioblasts,  118 
Spongioplasm,  34 
Spring  ligament,  456 
Spur  of  malleus,  1053 

scleral,  1019 
Squama,  frontal,  233 

frontalis,  234 

occipital,  227 

occipitalis,  227 

temporal,  237 

temporalis,  237 
Squamosal  suture,  282 
Squamous  epithelium,  37 
Stahr,  middle  gland  of,  778 
Stalks,  optic,  126,  134 

of  thalamus,  857,  858 
Stapedius  muscle,  1055 
Stapes,  1054 

annular  ligament  of,  1055 

cms  anterius,  1054 
postering,  1054 

development  of,  141 
Stellate  ligament,  396 

veins  of  kidney,  1214 
Stensen,  duct  of,  1135 

foramina  of,  261,278 
Stephanion,  282,  296 
Sternal  an^e,  218 

end  of  clavicle,  303 

foramen,  220 

furrow,  1295 

glands,  796 

plate,  105 
Stemebrae,  216 

Sternoclavicular  articulation,  409 
applied  anatomy  of,  411 
movements  of,  411 
surface  anatomy  of,  1315 
Sternocleidomastoid  artery,  631, 

636 
Sternocleidomastoideus  muscle, 

478 
Sternocostal  ligaments,  399 

surface  of  heart,  605 
Sternohyoid  muscle,  482 
Sternohyoideus  muscle,  482 
Sternomastoid  artery,  631,  636 

muscle,  478 
Sternopericardiac  ligaments,  602 
Sternothyreoideus  muscle,  482 
Sternothyroid  muscle,  482 
Sternum,  216 


Sternum,  applied  anatomy  of,  225 

articulations  of,  220 

development  of,  105 

ossification  of,  220 

structure  of,  220 
Stomach,  1161 

applied  anatomy  of,  1167 

bed,  1163 

body  of,  1163 

cardiac  glands  of,  1166 
orifice  of,  1161 

component  parts  of,  1163 

curvatures  of,  1162 

development  of,  168 

fundus  of,  1163 
glands  of,  1166 

incisura  angularis^  1 162 

interior  of,  1 163 

lymphatic  vessels  of,  792 

mucous  membrane  of,  1165 

muscular  coat  of,  1164 

nerves  of,  1167 

openings  of,  1161 

position  of,  1163 

pyloric  antrum,  1162,  1163 
glands,  1166 
orifice,  1162 
valve,  1164 

serous  coat  of,  1164 

shape  and  position  of,  1161 

structure  of,  1164 

subdivisions     of,     anatomical, 
1163 
clinical,  1163 

sulcus  intertnedius,  1162 

surface  marking  of,  1295 

surfaces  of,  1161 

teeth,  1118 

vessels  of,  1167 
Stomodeum,  163 
Straight  gyrus,  870 

sinus,  741 

tubes  of  kidney,  1212 
Strands  of  posterior  nerve  root, 

819 
Stratified  epithelium,  39 
Stratiform  fibrocartilage,  50 
Stratum  cinereum,  854 

compactum  [decidua],  98 

comeum^  1072 

dorsale,  860 

germinaiivum,  1073 

granulosum,  1073 

intermedium  [choroid],  1022 

lemnisci,  854 

lucidum,  1073 

mucosum,  1072,  1073 

opticum  [retina],  1027 
[superior  coUieulus],  854 

spongiosum  [decidua],  98 

zonale,  854,  855 
Streak,  primitive,  86 
Stria  terminalis,  855,  885 

vascularis,  1064 
Striae  a/msticae,  935 

gravidarum,  1301 

longitudinal, lateral  and  medial, 
875 

medullar  es     [rhomboid    fossa], 
848, 935 
Striate  arteries,  653 

veins,  inferior,  740 
Stripe  of  Henseu,  1067 
Striped  muscle,  64 
Stroma,  intertubular,  of  kidney, 
1214 

of  iris,  1025 

of  ovary,  1245 
Styloglossus  muscle,  1130 
Stylohyal  part  of  styloid  process, 

244 
Stylohyoid  ligament,  481 

muscle,  481 

nerve,  from  facial,  933 
Stylohyoideus  muscle,  481 
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Styloid  process  of  fibula,  359 
of  radius,  321 
of  temporal  bone,  244,  280 
of  ulna,  319 
Stylomandibular  ligament,  477 
Stylomastoid  artery,  636 

foramen,  243,  280 
Sty lopharyngeus  muscle,  1142 
Subanconeus  muscle,  536 
Subarachnoid  cavity,  904 
cisternae,  904 
septum,  905 
space,  904 
Subarcuate  fossa,  242 
Subcallosal  gyrus,  875 
Subcardinal  veins,  157 
Subclavian  arteries,  655 

applied  anatomy  of,  657 

branches  of,  659 

first  part  of  left,  655      ^ 

of  right,  655 
peculiarities  of,  657 
second  portion  of,  656 
surface  anatomy  of,  1278 

marking  of,  1291 
third  portion  of,  656 
triangle.  483,  645 
vein,  750 
Subclavius  muscle,  528 

nerve  to,  960 
Subcostal  arteries,  686 

zone,  1147 
Subcostales  muscles,  492 
Subcrureus    or    articularis    genu 

muscle,  566 
Subcutaneous  inguinal  ring,  500 
Subdural  cavity,  903 
Subepithelial    plexus   of    cornea, 

1021 
Subfrontal  gyre,  870 
Subinguinal  lymph  glands,  783 
Sublingual  artery,  632 
gland.  1137 

vessels  and  nerves  of,  1137 
Sublobular  veins,  1197 
Submaxillary  artery,  634 
duct.  1136 
ganglion,  925 
gland.  1135 

vessels  and  nerves  of,  1137 
lymph  glands.  778 
triangle,  481,  644 
Submental  artery,  634 
Ijrmph  glands,  778 
triangle,  481 
Subnasal  point,  296 
Suboccipital  muscles,  490 
nerve,  951 
triangle,  491,  660 
Subparietal  sulcus,  871 
Subperitoneal  connective  tissue, 

509 
Subpleural     mediastinal    plexus, 

664 
Subpubic  ligament,  407 
Subsartorial  plexus,  981 
Subscapular  angle,  305 
arter>',  671 
fascia,  531 
fossa,  304 
nerves,  961 
Subscapularis  muscle,  531 
Subserous  areolar  tissue,  1149 
Substance,   perforated,   anterior, 
874 
posterior,  ^8 
Substantia  adamantitia,  1120 
aWa,  814 
ehumea,  1119 
ferruginea,  848 
gelatinosa  centralis,  810 
of  Rolando.  809 
nerve  cells  in,  813 
grisea  centralis,  809 
innominata  of  Meynert,  884 


Substantia  nigra^  850 
ossea,  1121 
perforata  anterior,  875 
propria  [cornea],  1019 
Subthalamic    tegmental    region, 

860 
Successional     permanent     teeth, 

1124 
Suctorial  pad,  471 
Sudoriferous  glands,  1078 
Sulci    and    fissures    of    cerebral 
hemisphere,  867 

development  of,  131 
of  medulla,  oblongata,  822 

spinalis,  808 
Sulcus,  anterior  longitudinal,  of 

heart,  604 
antihelids  Iransversus,  1044 
arteria  vertebralis,  199 
basHaris,  833 
calcaneal,  365 
central,  868 
centralis  [Rolandi],  868 
cingulate,  869 
cinguli,  869 
circular,  869,  873 
circularis  comeae,  1019 
coronar>',  of  heart,  604 
frontal,  869 

horizontal,  of  cerebellum,  837 
intermedius  [stomach],  1162 
intraparietal,  870 
lateral  cerebral,  849 

of  cerebral  peduncle,  849 
limitans  [rhomboid  fossa],  847, 

848 
lunatus,  871  note 
malleolar.  360 
medial  frontal,  of  Eberstaller, 

870 
median,  of  rhomboid  fossa,  847 

of  tongue,  1126 
medianus  posterior,  808 
of  Monro,  125,  865 
occipital,  871 

oculomotor.  849  ^ 

olfactory,  870 
orbital,  870 
paramedial,  870 
postcentral,  870 
posterior    longitudinal,    of 

heart.  604 
preauricular,  of  ilium,  335,  336 
precentral,  869 
radial,  311 
retroglandular,  1239 
sagittalis,  228,  232,  235 
sigmoid,  240 
spiralis  extermis,  1064 

intemus,  1065 
subparietal,  871 
tali,  367 
temporal,  inferior,  872 

middle,  872 

superior,  872 
terminal,  of  right  atrium,  606 

of  tongue.  1126 
tuhae  audUivae,  249.  -280 
tympanic,  243,  1050 
valleciUae,  838 
Superadded     permanent     teeth, 

1124 
Supercilia,  1038 

Superciliary  arches.  278,  234.  282 
Superficial  cervical  artery,  664 

lymph  glands  778 

muscle,  475 

dissection  of,  475 

nerve,  957 
epigastric  artery,  716 
external  pudendal  artery,  716 

pudic  artery,  716 
iliac  circumflex  artery,  716 
long  plan  'ar  ligament,  454 
palmar  ai  jh,  682 


Superficial  perineal  artery,  705 

peroneal  nerve,  990,  991 

Sylvian  vein,  739 

temporal  artery,  637 

applied  anatomy  of,  638 
vein,  733 

transverse   ligament   of  hand, 
551 
perineal  muscle,  518,  520 

volar  artery,  678 
Superficialis  volae  artery,  678 
Superfrontal  gyre,  869 
Superior  articular  arteries,  720 

calcaneocuboid  ligament,  454 

cerebellar  peduncles,  841 

constrictor  muscle,  1 142 

dental  nerve,  918 

intercostal  artery,  666 

lingualis  muscle,  1130 

longitudinal  sinus,  740 

maxillar>'  nerve,  917 

medullary  velum,  842 

nasal  concha,  254 

nuchal  line,  227 

oblique  muscle,  1035 

orbital  fissure,  249,  288  . 

petrosal  sinus,  746 

profunda  arterj'.  674 

sagittal  sinus,  740 

semicircular  canal,  1059 

tarsal  plate,  1039 

thoracic  artery,  670 

tibiofibular  articulation,  448 

tympanic  artery,  640 

vesical  artery,  701 

vocal  cords,  1085 
Supernumerary  spleen,  1267 
Supinator  brevis  muscle,  544 

longus  muscle,  542 

muscle,  544 
Supra-acromial  nerves,  957 
Supporting  cells  of  Hensen,  1067 
of  Sertoli,  1233 

frame-work  of  retina,  1029 
Supracallosal  gyrus,  875 
Supraclavicular    branches    of 
brachial  plexus,  960 

nerves,  957 
Supracondylar  process,  312  note 

ridges,  311,  312 
Supraglenoid  tuberosity,  307 
Suprahyoid  aponeurosis,  481 

artery,  632 

lymph  glands,  778 

muscles,  480 

dissection  of,  480 

triangle,  481,644 
Supramarginal  gyrus,  871 
Supramastoid  crest,  237 
Suprameatal  spine,  244,  283 

triangle,  238,  283 
Supraorbital  artery,  649 

foramen,  235,  286.  288 

margin,  234 

nerve,  916 

notch, 235, 286, 288 

vein,  732 
Suprarpnal  arteries,  inferior,  697 
middle,  696 
superior,  698 

glands,  1270 

applied  anatomy  of,  1272 
development  of,  134 
lymphatic  vessels  of,  793 
nerves  of,  1272 
structure  of,  1271 
vessels  of,  1272 

impression,  1194 

plexus,  1004 

veins,  764 
Suprascapular  artery,  663 

ligament,  413 

nerve,  960 
Supraspinal  ligament,  387 
Supraspinatous  fascia,  532 
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Supraspinatous  fossa,  305 
Supraspinatus  muscle,  532 
Supraspinous  ligament,  387 
Suprasternal  nerves,  967 

space,  477 
Supratonsillar  fossa,  1139 
Supratrochlear  foramen,  313 

nerve,  916 
Sural  arteries,  720 

cutaneous  nerve,  medial,  988 
nerve,  988 
Surface    anatomy    and    surface 
markings   of    abdomen, 
1303 

regions  of,  1303 

surface  lines  of,  1303 
accessory  nerve,  1291 
acoustic    meatus,    external, 

1228 
acromioclavicular  joint,1315, 

1319 
adductor  canal,  1331 
ankle-joint,  1326.  1330 
anterior  tibial  artery,   1329, 

1332 
aorta,  abdominal  1301,  1309 

ascending,  1300 
aortic  arch,  1300 
auscultation,   triangle  of, 

1296 
axillary  artery,  1318,  1320 

nerve,  1323 
back.  1291 
bones  of  cranium,  1279 

of  lower  extremity,  1324 

of  thorax,  1296 

of  upper  extremity,  1312 
brachial  artery,  1318.  1321 

plexus.  1291,  1318 
brain,  1280 

Bryant's  triangle,  1330 
calcaneus,  1325 
carpal  bones,  1315 
caruncular  lacrimalis,  1287 
cecum,  1307 
cerebellum,  1280 
cerebral  hemisphere,  1280 
.   cervical     cutaneous     nerve, 

1291 
clavicle,  1313 
coeliac  artery,  1309 
colon,  ascending.  1307 

descending,  1307 

iliac,  1307 

transverse,  1307 
common  carotid  artery,  1290 

iliac  artery,  1309 

peroneal  nerve,  1329,  1334 
deep  peroneal  nerve,  1334 
deltoideus  muscle,  1316 
diaphragma,  1297 
dorsalis  pedis  artery,    1329, 

1332 
duodenum,  1306 
ear,  1288 
elbow-joint,  1319 
epigastric     artery,     inferior, 

1309 
external  carotid  arter>',  1290 
main  branches  of, 
1290 

iliac  artery,  1309 
eye,  1287  . 
facial  nerve.  1291 
femoral  artery,  1328,  1331 

triangle  1331 
femur,  1324 
fibula,  1324 
fissures  of  brain,  1281 
fold  of  groin,  1301 
frontal  sinus,  1282 
gall-bladder,  1307 
gluteal  arteries,  1331 

fold,  1323 
great  auricular  nerve,  1291 


Surface     anatomy    and     surface 

markings  of  head  and  neck, 

1275 
heart,  1299 

coronary  sulcus,  1299 

longitudinal     sulcus,     an- 
terior, 1299 

orifices  of,  1299 
Hesselbach's  triangle,  1309 
hip  bones,  1324 
hip-joint,  1325,  1330 
humeral    circumflex    artery, 

1321 
humerus,  1313 
hyoid  bojie,  1289 
ileocolic  junction,  1307 
iliac  artery,  common,  1309 
external,  1309 

furrow,  1301 
infrastemal  notch,  1295 
inguinal    rings    and     canal 

1303 
innominate  artery,  1300 

veins,   1300 
internal  pudendal  artery, 

1331 
intestines.  1306.  1307 
joints  of  fingers,  1315 

of  foot,  1330 
jugulai  notch,  1295,  1297 

veins,  1291 
kidneys,  1308 
knee-joint,  1300,  1325 
lacrimal  puncta,  1287 

sac,  1187 
larynx,  1287,  1289 
lateral  plantar  artery.  1332 

thoracic  artery,  1320 

ventricle  of  brain,  1282 
latissimus  dorsi,  1316,  1319 
left  common  carotid  artery, 

in  thorax,  1300 
lesser  occipital  nerve,  1291 
linea  semilunaris,  1301 
liver,  1302. 1307 
lower  extremity,  1323 
lumbar  triangle,  1301 
lungs,  1298 
mamma,  1296 
mammary    artery,    internal, 

1300 
maxillary    artery,    external, 
1282 

sinus,  1282 
medial  plantar  artery,  1332 
median  nerve,  1323 
medulla  spinalis.  1294 
mesenteric  arteries,  1309 
metacarpal  bones,  1315 
middle     meningeal     artery, 

1282 
mouth,  1284 
mucous    sheaths    around 
ankle,  1331 
of  wrist  and  hand,  1319 
muscles  of  abdomen,  1303 

of  arm,  1316 

of  buttock.  1326 

of  foot,  1327,  1328 

of  forearm,  1317  [ 

of  head  and  neck,    1270.  I 
1277,  1289  I 

of  hand.  1318  I 

of  leg,  132H  I 

of  thigh,  1326 
nasal  part  of  pharynx.  1287 
nasolacrimal  duct,  1287 
nook.  1291 
NYlaton's  line,  1329 
nose,  1284 
avsophagus,   1299 
palatine  archos,  1285 
palmar  or  volar  ^rohos,  1322 
palpebral  fissure  f  1287 
panororis,  1303,  '1307 


Surface  anatomj*-  and  surface 
markings  of  parotid  duct , 
1283 

gland,  1283 
patella,  1324 

pectoralis     major     muscle. 
1316, 1319 

minor  muscle,  1316,  1319 
pelvis,  1324 
perineum,  1309 
peroneal  artery,  1332 

nerves,  1334 
phalanges  of  foot,  1325 

of  hand,  1315 
phrenic  nerve,  1291 
plantar  arch,  1332 

arteries,  1332 
pleurae,  1297 
plica  semilunaris,  1287 
popliteal  artery,  1328 

fossa,  1331 
posterior  tibial  artery,  1329, 

1332 
profunda  brachii  artery,  1321 

femoris  artery,  1331 
pupil,  1287 
radial  artery,  1318,  1322 

nerve,  1323 
radioulnar  joints,  1315 
radius,  1314 

rectum  and  anal  canal,  1310 
Reid's  base  line,  1279 
renal  arteries,  1309 
sacroiliac  joint,  1330 
saphenous  veins,  1334 
scapula,  1313 
scapular    circumflex    artery, 

1321 
sciatic  nerve,  1334 
serratus  anterior  muscle,  13 16 
shoulder-joint,  1315 
spinal  nerves,  1295 
spleen.  1307 

sternal  angle,  1295.  1297 
sternoclavicular  joint.  1315 
sternocleidomast  oideus 

muscle,  1277 
stomach,  1305 
striae    gravidarum    or    albi- 

cantes,  1301 
subclavian  artery,  1291,  1318 
subdural    and   subarachnoid 

cavities,  1294 
submaxillary  gland,  1291 
subscapular  art«r3%  1320 
supraclavicular  nerves,  1291 
talus,  1325 
tarsus  and  foot,  1325 
temporomandibular       joint, 

1276 
tendinous  inscriptions  of  rec- 
tus abdominis,  1301 
thoracoacromial  arterv,  1320 
thorax,  1295 

surface  lines  of,  1296 
tibia,  1324 
tibial  nerve.  1334 
tongue,  1285 
tonsil,  1286 
trachea,  1289,  1299 
transverse  sinus,  1282 
trapezius,  1319 
trigeminal  nerve,  1283 
tympanic  antrum.  1289 

membrane,  1288 
ulna,  1314 
ulnar  artery,  1322 

collateral  arteries.  1322 

norvo.  1319,  1323 
umbilicus,  1301,  1303 
upper  extremity,  1312 
urogenital     organs,     female, 
1311 
male.  1310 
vena  cava,  inferior.  1300 
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Surface     anatomy    and     surface 
markings    of    vena    cava, 
superior,  1300 
vermiform  process,  1307 
vertebral  column,  1291 
volar  or  palmar  arches,  1322 
wrist  and  hand,  1314 
wrist-joint,  1314,  1319 
Suspensory  ligament  of  axilla,  526 
of  eye,  1038 
of  lens,  1030 
of  ovary,  1244 
of  penis,  1239 
Sustentacular   fibres   of   Miiller, 

1029 
SitstenUiculum  lienUf  1157 

tali,  365 
Sutura  dentaia,  381 
hannonia,  381 
limbosa,  381 
notha,  381 
serrata,  381 
squamosa,  381 
vera,  381 
Sutural  bones,  255 

applied  anatomy  of,  255 
Suture,  coronal,  277,  282 
frontal,  278 
frontoethmoidal,  288 
frontomaxillary,  287 
frontozygomatic,  282 
interparietal,  233 
lambdoidal,  230,  232,  277,  282 
me  topic,  234 
occipitomastoid,  282 
parietomastoid,  282 
petrooccipital,  291 
petrosquamous,  241,  243 
sagittal,  277 
sphenoethmoidal,  288 
sphenofrontal,  282,  288 
sphenoparietal,  282 
sphenopetrosal,  290 
sphenosquamosal,  282 
sphenozygomatic,  282 
squamosal,  282 
zygomaticofrontal,  282 
zygomaticomaxillary,  288 
zygomaticotemporal,  282 
Sweat  glands,  1078 
Swellings,  genital,  190 
Sylvian  fossa,  131 
veins,  739,  740 
Sylvius,  aqueduct  of,  821,  854 

fissure  of,  867 
Sympathetic     fibres     of     spinal 
nerves,  949 
nerves,  99i 

connections       with     spinal 
nerves,  995 
plexuses,  1001 
cardiac,  1001 
coeliac,  1002 
hypogastric,  1005 
pelvic,  1005 
solar,  1002 
system,  abdominal  portion  of, 
1001 
applied  anatomy  of,  1005 
cephalic  portion  of,  995 
cervical  portion  of,  996 
development  of,  133 
pelvic  portion  oif,  1001 
thoracic  portion  of,  998 
trunks,  995 
Symphysis  of  mandible,  271 
osfiium  pvbis,  406 
pubis,  406 
sacrococcygea,  406 
Synarthroses,  380 
Synchondrosis,  381 
neurocentral,  210 
Syncytiotrophoblast,  85 
Syncytium,  85 
SjTidesmology,  379 


Syndesmosis,  381 

iibiofibularist  448 
Synergic  muscles,  462 
Synovia,  380 
Synovial    membrane,    380. 

also  Individual  Joints. 
Systemic  circulation,  595 

veins,  729 
Systems,  Haversian,  53 


See 


Tables  of  the  skull,  196 
Tactile  corpuscles  of  Golgi  and 
Mazzoni,  1069 
of  Grandry,  1069 

•  of  Pacini,  1069 
of  Ruffini,  1070 
of    Wagner    and    Meissner, 
1070 
Taenia  porUis,  833 

semicircularis,  885 

thalami,  856 

ventriculi  quarti,  846 
Taeniae  coli,  1184 

of  fourth  ventricle,  846 

of  muscular  coat  of  large  intes- 
tine, 1177 
Talocalcaneal  articulation,  452 
Talocalcaneonavicular     articula- 
tion, 454 
TalotiJDial  ligaments,  450 
Talus,  366 

ossification  of,  374 
Tangential     fibres     of     cerebral 

cortex,  892 
Tapetum  of  choroid,  1022 

of  corpus  callosum,  877 
Tarsal  arteries,  724 

bones,  362 

glands,  1040 

plates,  1039 
Tarsi  of  eyelids,  1039 
Tarsometatarsal      articulations, 

457 
Tarsus,  362 

applied  anatomy  of,  375. 

articulations  of,  452 

inferior,  1039 

ossification  of,  374 

superior,  1039 

surface  markings  of,  1330 

synovial  membranes  of,  458 
Taste,  nerves  of,  1008 

organ  of,  1007 
Taste-buds,  1007 
Tectorial    membrane    of    ductus 

cochlearis,  1067 
Teeth,  1115 

applied  anatomy  of,  1125 

bicuspid,  1118 

canine,  117,  1118 

cement  or  crusta  petrosa   of, 
1121 

srown  of,  1117 

cutting,  1117 

deciduous,  1118 

dental  caoaliculi  of,  1120 

dentin  of,  1119 

development  of ,  1121 

enamel  of,  1120 

eruption  of,  1124 

eye,  1118 

general  characters  of,  1113 

incisive,  1117 

incisors,  1117 

ivory  of,  1119 

milk,  1118 

molar,  1118 

multicuspid,  1118 

necks  of,  1116 

permanent,  1117 
successional,  1124 
superadded,  1124 


Teeth,  premolar,  1118 
pulp  cavity  of,  1119 
roots  of,  1116 
stomach,  1118 
structure  of,  1119 
substantia  aidamantina  of,  1120 
ebumea  of,  1119 
ossea  of,  1121 
temporary,  1118 
wisaom,  1118 
Tegmen  tympani,  240,  1049 
Tegmental  part  of  pons,  835 
Tegmentum,  850 
Tela  chorioidea  [fourth  ventricle], 
846 
[third  ventricle],  888 
Telencephalon,  126,  127,  865 
Telophase  of  karyokinesis,  36 
Temporal  artery,  deep,  641 
middle,  638 
superficial,  637 
bone,  237 

articulations  of,  245 
mastoid  portion  of,  239 
ossification  of,  244 
petrous  portion  of,  241 
pyramid  of,  241 
squama  of,  237 
structure  of,  244 
tympanic  part  of,  243 
fascia,  473 
fossa,  282 
gyri,  872 

lines,  231,  235,  278,  282 
lobe,  871 
muscle,  473 

dissection  of,  473 
nerves  of  auriculotemporal,  923 
deep.  922 
of  facial,  933 
operculum,  873 

process  of  zygomatic  bone,  265 
veins,  733     ' 
Temporalis  muscle,  473 
Temporary  teeth,  1118 
Temporomalar  nerve,  917 
Temporomandibular  articulation, 
393 
applied -anatomy  of,  396 
surface  anatomy  of,  1276 
Temporom axillary  vein,  734 
Tendinous  arch  of  pel\'ic  fascia, 
512 
inscriptions  of  rectus  abdomi- 
nis muscle,  506  . 
Tendo  Achillis,  579 
calcaneus,  579 
oculi,  468 

ligament,  468 
Tendon,  central,  of  diaphragma, 
495 
conjoined,  of  internal  oblique 
and  transversalis  muscles,504 
of  con  us  arteriosus,  608 
structure  of,  44 
superior,  of  Lockwood,  1035 
of  Zinn,  1035 
Tendons,  463 

on  back  of  wrist,  relations  of, 
550 
Tendril  fibres  of  cerebellum,  844 
Tenon,  capsule  of,  1037 
Tensor   fasciae    femoris   muscle, 
565 
latae  muscle,  565 
palati  muscle,  1113 
tarsi  muscle,  468 
tympani  muscle,  1065 

semicanal  for,  243,  1052 
veli  palatini  muscle,  lll3 
Tenth  nerve,  940 
Tentorial  sinus,  741 
Tentorium  cerebelli,  901 
Teres  major  muscle,  533 
minor  muscle,  533 
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Terminal  crest  of  right  atrium, 
606.  607 
sulcus  of  right  atrium,  606, 
vein,  740    H 
ventricle,  119,  810 
Terminations    of   motor   nerves, 
803 
of  nerves  of  general  sensations, 
1069 
Teste«,  1228,  1230 
appendages  of,  1231 
applied  anatomy  of,  1234 
coui  vasculosi  of,  1233 
coverings  of,  1228 
descent  of,  186 
development  of,  186 
ductuH  efferenies,  1233 
ductus  deferents,  1235 
gubemaculum  testis ,  186 
lobules  of,  1232 
lymphatic  vessels  of,  794 
mediastinum  testis,  1232 
rete  teslia,  1233 
structure  of,  1232 
tubuli  recti,  1233 

aeminiferi,  1232 
tunica  aWuginea,  1232 
vaginalis,  1231 
vasculosa,  1232 
Thalamencephalon,  855 
Thalami,  126,  855 
connections  of,  857 
development  of,  126 
intermediate  mass  of,  126,  856 
stalks  of,  857,  858 
structure  of,  856 
surfaces  of,  855,  856 
Thalamomamillary  fasciculus,  886 
Thebesius,  foramina  of,  608 
valve  of,  608,  730 
veins  of,  731 
Thenar  eminence,  546 
Thigh  bone,  345    * 
fascia  lata  of,  563 
superficial,  562 
muscles  of,  562 
dissection  of,  562 
Third  cuneiform  bone,  370 
metacarpal  bone,  330 
metatarsal  bone,  372 
nerve,  911 
trochanter,  348 
ventricle  of  brain,  864 
choroid  plexuses  of,  864 
Thoracic  aorta,  683 

applied  anatomy  of,  683 
peculiarities  of;  683 
arteries,  670,  671 
axis,  670 

cardiac  nerves,  943 
duct,  771 

applied  anatomy  of,  773 
nerves,  anterior,  961 

applied  anatomy  of,  974 
divisions  of,  anterior,  972 
posterior,  952 
portion  of  gangliated  cord,  998 
vertebrffi,  201 
Thoracoacromial  artery,  670 
Thoracodorsal  nerve,  961 
Thoracoepigastric  vein,  756 
Thorax,  216 

boundaries  of,  216 
cavity  of,  600 
lower  opening  of,  216,  601 
lymph  glands  of,  796 
lymphatic  vessels  of,  797,  798 
mechanism  of,  401 
muscle^  of,  492 

parts    passing    through    lower 
opening  of,  601 
upper  opening  of,  601 
skeleton  of,  216 
surface  anatomy  of.  1295 
markings  of,  1290 


Thorax,    upper  opening  of,   216, 

601 
Thromboplastin,  64 
Thumib,  carpometacarpal  articu- 
lation of.  429 
Thymus,  1264 

applied  anatomy  of,  1266 
development  of,  165 
glands,  1264 
lymphatic  vessels  of,  800 
nerves  of,  1265 
structure  of,  1264 
vessels  of,  1265 
Thyreoarytaenoideus      muscle, 

1089 
Thyreohyoideus  muscle,  482 

nerve  to,  947 
Thyreoidea  ima  artery,  626 
Thyroarytenoid  ligaments,  infe- 
rior, 1086 
muscle,  1089 
Thyrocervical  trunk,  662 
Thyroepiglottic  ligament,  1084 

muscle,  1090 
Thyroglossal  duct,  165,  1127 
Thyrohyals  of  hyoid  bone,  275 
Thyrohyoid     ligament,     lateral, 
1083 
middle,  1082 
membrane,  1082  , 
muscle,  482 
Thyroid  artery,  inferior,  662 
superior,  631 

applied  anatomy  of,  631 
axis,  662 
body, 1261 
cartilage,  108Q 
foramen,  339 
gland,  1261 

applied  anatomy  of,  1263 
development  of,  165 
isthmus  of,  1261 
lobes  of,  1261 
lymphatic  vessels  of,  779 
nerves  of,  1262 
pyramidal  lobe  of,  1262 
structure  of,  1262 
vessels  of,  1262 
notch,  superior,  1080 
veins,  inferior,  751 
middle,  737 
superior,  737 
Thyroids,  accessory,  1262 
Tibia,  355 

applied  anatomy  of,  361 
articulations  of,  359 
condyles  of,  355 
ossification  of,  359 
spine  of,  355 

surface  anatomy  of,  1324 
tuberosity  of,  356 
Tibial  artery,  anterior,  722 

applied  anatomy  of,  722 
branches  of,  722 
peculiarities  of,  722 
surface  marking  of,  1332 
posterior,  725 

applied  anatomy  of,  725 
branches  of,  72'1 
peculiarities  of,  725 
surface  marking  of,  1332 
recurrent,  anterior,  723 
posterior,  722 
collateral    ligament    of    knee- 
joint,  439 
nerve,  987 

anterior,  990 
surfaces  of  femur,  350 
veins,  758 
Tibialis  anterior  muscle,  576 
anticus  muscle,  576 
posterior  muscle,  582 
Tibiofibular  articulation,  448 
ligament,  middle,  448 
syndesmosis,  448 


Tibionavicular  ligament,  450 
Tibiotarsal  articulation,  449 
Tissue,  adenoid,  45 

adipose,  42 

areolar,  40 

connective,  40 

lymphoid,  45 

mucous,  44 

muscular,  64 

nervous,  69 

retiform  or  reticular,  44 

white  fibrous,  43 

yellow  elastic,  44 
Tomes'  fibres,  1120 
Tongue,  1125 

applied  anatomy  of,  11 -{2 

development  of,  164 

frenulum  of,  1126 

glands  of,  1131 

lymph  gland  of,  778 

lymphatic  vessels  of,  778 

mucous  membrane  of,  1131 

muscles  of,  1 128 

nerves  of,  1132 

papillae  of,  1 127 

septum  of,  1132 

structure  of,  1131 

vessels  of,  1132 
Tonsil,  1139 

lingual,  1131 

pharyngeal,  1139 
TonsiUa  cerebeUi,  839 
TonsiUae  intestinales,  1175 

palatinae,  1139 
Tonsillar  artery,  634 

nerves  from  glossopharyngeal, 
940 

sinus,  1140 
Tonsils,  palatine,  1139 

applied  anatomy  of,  1141 
development  of,  166 
lymphatic  vessels  of,  777 
nerves  of,  1141 
structure  of,  1 141 
vessels  of,  1141 
Torcular  Herophili,  229,  743 
Torus  of  auditory  tube,  1139     , 

uretericus,  1222 

uterinum,  1154 
Trabeculae  carwcac  (left  ventricle], 
612 
[right  ventriclel,  610 

cranii,  106 

of  penis,  1239 

of  spleen,  1267 

of  testis,  1232 
Trachea,  1091 

applied  anatomy  of,  1093 

nerves  of,  1093 

relations  of,  1092 

structure  of,  1092 

vessels  of,  1093 
Trachealis  muscle,  1093 
Trachelomastoideus  muscle,  489 
Tracheobronchial  glands,  798 
Tracheotomy,  1094 
Trachoma  glands,  1041 
Tract  or   Tracts,  anterior   basis 
bundle,  815 

of  Burdach,  808,  817 

cereljellar.  of  Flechsig,  816 

cerebellospinal,  815 

comma,  817 

dorsal  peripheral  band,  818 

of  GoU,  808.  817 

of  Gowers,  816 

lateral  basis  bundle,  817 

of  Lowenthal,  815 

motor,  896 

olfactory,  874 

optic,  863,  909 

prepyramidal,  816 

pyramidal,  crossed,  815 
direct,  815 

sensory,  897 
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Traction  epiphyses,  59 
TracLus  %liotibiali8f  563 
olfactoritis,  874 
peduncularia    transversus,    850 

note 
solUarius,  128 

spiralis  /oraminosus,  242, 1060 
Tragicus  muscle,  1046 
Tragus,  1044 

Transitional  epithelium,  40 
Transpyloric  plane,  1147 
Transversa  colli  artery,  663 
Transversalis  cervicis  muscle,  488 
colli  artery,  663 
fascia,  508 
muscle,  504 
Transverse   acetabular   ligament 
of  hip-joint,  434 
aorta,  623 

carpal  ligament,  547 
cervical  arteries,  668,  664 

nerve,  957 
colon.  1180 
crural  ligament,  584 
facial  artery,  638 

vein,  734 
fibres  of  cerebral  hemispheres, 

890 
fissure  of  brain,  889 

of  liver,  1194 
folds  of  rectum,  1183 
ligament  of  atlas,  389 
of  fingers,  551 
humeral,  415 
of  knee,  442 
metacarpal,  430 
metatarsal,  458 
of  pelvis,  520 
ligaments  of  scapula,  413 
lingualis  muscle,  1130 
mesocolon,  1157 
occipital  sulcus,  871 
process  of  a  vertebra,  197 
scapular  artery,  663 
sinus,  746 

of  pericardium,  603 
temporal  g>'ri,  872 
Transversus    abdominis    muscle, 
504 
auriculae  muscle,  1046 
linguae  muscle,  1130 
menti  muscle,  470 
nuchae  muscle,  466 
pedis  muscle,  589 
perinaei  muscle,  518 

profundus  muscle  in  female, 
521 
in  male,  520 
superficialis    muscle,    in    fe- 
male, 520 
in  male,  518 
thoracis  muscle,  492 
Trapezium,  326 
Trapezius  muscle,  522 
Trapezoid,  327 
body,  835 
ligament,  412 
nucleus,  835 
ridge,  302 
Treves,  bloodless  fold  of,  1160 
Triangle  of  auscultation,  524 
Bryant's,  1330 
carotid,  481.483,  643 
digastric,  480.  644 
femoral,  565,  712 
of  Hesselbach,  1187,  1309 
lumbar,  524 
muscular,  483,  643 
of  neck,  642.  644 
occipital,  483,  646 
of  Petit,  524 
Scarpa's,  712 
subclavian,  483,  645 
submaxillary,  481,  644 
submental,  481 


Triangle,  suboccipital,  491,  660 
suprahyoid,  481,  644 
suprameatal,  238,  283 
Triangular  articular  disk.  424 
bone,  324 

fascia  of  abdomen,  502 
ligament,  519 
of  liver,  1151 
Triangularis  muscle,  470 

sterni  muscle,  492 
Triceps  brachii  muscle,  535 
extensor  cubiti  muscle,  535 
muscle,  535 
surae  muscle,  579 
Tricuspid  valve,  609 
i  Trifacial  nerve,  914 
Trigeminal  impression,  241 
nerve,  914 

applied  anatomy  of,  925 
surface  marking  of,  1283 
Trigone,  olfactory,  875 
Trigonum  collaterals,  881 
femorale,  712 
habenulae,  859 
hypogloKsi,  848 
olfactorium,  875 
vagi,  829 
vesicae,  1222 
Trochanter,  greater,  347 
lesser,  348 
major,  347 
minora  348 
third,  348 
Trochanteric  fossa,  347 
Trochlea  of  humerus,  312 
Trochlear  fovea,  235,  286 
nerve,  913 

applied  anatomy  of,  914 
process  of  calcaneus,  365 
spine,  235 
Trochoid  joint,  382 
Trolard,  anastomotic  vein  of,  739 
Troltsch,  recess  of,  1055 
Trophoblast,  84 
True  nucleoli,  34 
pelvis,  340 
skin,  1074 
vocal  cords,  1086 
Trvncus  arteriosus,  145,  150 
costocervicalis,  666 
sympathicus,  995 
thyreocervicalis,  662 
Tnmk,  arteries  of,  683 
articulations  of,  384 
cost-ocervical,  666 
thyrocervical,  662 
Tuba  auditiva,  1052 

par  cartHJagincG,  1052 
ossea,  1052 
uterina  [Fallopii],  1247 
Tube,  auditory,  1052 
tonsil  of.  1053 
digestive,  1109 
Eustachian,  1052 
Fallopian,  1247 
neural,  88 
uterine,  1247 
Tuber  cinereum,  825 
frorUalc,  234 
omentale  [liver],  1192 

[pancreas],  1204 
parietale,  231 
valvulae,  839 
vermis  [cerebellum].  839 
Tuberal  lobe,  839 
Tubercle,  adductor,  348 

articular,    of    temporal    V>ono, 

237,280 
auricular,  of  Darwin,  1044 
carotid,  or  Chassaignac's,  199 
conoid.  301 
cuneate.  825 
cuneiform,  1086 
deltoid.  302 
of  epiglottis,  1082 


Tubercle  of  femur,  348 

of  humerus,  309 

inter  venous,  608 

jugular,  230 

lacrimal,  260 

of  Lower,  608 

mental,  271 

obturator,  339 

peroneal,  365 

pharyngeal,  230,  280 

pterygoid.  250 

pubic,  338 

of  rib,  222 

of  Rolando,  825 

scalene,  224 
Tuberculum  acusticum^  848,  935 

anterius,  199 

caroticum,  199 

impar,  164 

intervenosum,  608 

majus  [humerxi,  309 

minus  [humen],  309 

poster  ius,  199 

seUae,  246,  290 
Tuberosity,  calcaneal,  365 

coracoid.  301 

costal,  303 

of  cuboid,  368 

deltoid,  312 

of  fifth  metatarsal  bone,  372 

gluteal,  348 

iUac,  335 

infraglenoid,  307 

of  ischium.  337 

maxillary,  257 

of  navicular  bone,  369 

of  palatine  bone,  267 

radial,  320 

supraglenoid,  307 

oL  tibia,  356 

oi  ulna,  315 
Tubules,  renal.  1212 
Tubuli  lactiferi,  1259 

recti  [testis],  1233 

seminiferi,  1232 
Tuft,  Malpighian.  1212 
Tunic,  dart  OS,  1228 

fibrous,  of  kidney,  1210 
Tunica  adventitia,  597 

aUmginea  [ovary],  1245 
[testis],  1232 

conjunctiva  bulbi,  1041 

dartos,  1229 

elastica  externa,  697 

fibrosa  oculi,  1017 

intima,  596 

media,  596 

serosa,  1149 

vaginalis,  1231 

communis  [testis   et  funiculi 

spermcUici\,  1229 
development  of,  187 
propria  testis,  1231 

lamina  parietalis,  1232 
visceralis,  1231 

vasculosa  [testis],  1232 
oculi,  1021 
Tunics  of  eyeball,  1017 
Tunnel  of  Corti,  1065 
Turbinated  bone,  268 

processes,  sphenoidal,  260 
Turner,   intraparietal  sulcus  of, 

870 
Twelfth  nerve,  945 
Tympanic  antrum,  240 
entrance  to,  1051 

artery,  639 

from  ascending  phar^'ngcal, 

637 
from      internal      maxillary, 
639 

canaliculus,  inferior,  243,  280 

cavity,  1049 

applied  anatomy  of,  1056 
arteries  of,  1056 
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T3rmpaiiic    cavity,   attic  or  epi- 
tympanic  reces*  of,  1049 
carotid  or  anterior  wall  of, 

1052 
development  of,  141 
jufcular  wall  or  floor  of,  1049 
labyrinthine  or  medial  wall 

of,  1050 
mastoid  or  posterior  wall  of, 

1051 
mcmbranouB  or  lateral  wall 

of,  1049 
mucoiM  membrane  of,  1055 
muscles  of,  1055 
nervca  of,  1056 
Oflsicles  of,  1053 
teftmcntal   wall   or   roof   of, 

1049 
veraels  of,  1056 
lip,  1065 
membrane,  1050 
nerves  of,  1050 
para  flaccida,  1050 
secondary,  1051 
structure  of,  1050 
vessels  of,  1050 
nerve  ( Jacobson's) ,  939,  1056 
plexus.  939,  1056 
rinK,  245 

sulcus,  243,  1047,  1050 
Tympanohyal    part    of    styloid 

process,  244 
Tympanomastoid     fissure,     243, 

280 
Tympanum,  1049 


Ulna,  314 
api>licd  anatomy  of,  321 
articulations  of,  321 
coronoid  process  of,  315 
olecranon  of,  315 
ossification  of,  319 
radial  notch  of,  318 
semilunar  notch  of,  315 
sigmoid  cavities  of,  318 
structure  of,  319 
styloid  process  of,  319 
surface  anatomy  of,  1314 
tuberosity  of,  315 
Ulnar  artery,  679 

applied  anatomy  of,  680 
branches  of,  680 
carpal,  682 
collateral,  674,  675 

branch  of  radial  nerve,  969 
peculiarities  of,  679 
recurrent,  680 
surface  marking  of,  1322 
notch  of  radius,  321 
Ultimobranchial  bodies,  166 
Umbilical   arteries  in   fetus,   99, 
616 
cord,  96 

folds,  1187,  1221,  1222 
fossa  of  liver,  1194 
notch  of  liver,  1194 
veins,  100,  145,  166 

obliterated,  705,  1150 
zone,  1147 
Umbilicus,  607 
Umbo    of    menibrana    tympani, 

1050 
Unriform  bone,  32S 
Uneinute  fasciculus,  S90 
process   of  head   of   pancreas, 
1203 
Uncus,  S74 

Ungual  phalanges,  331,  373 
l/nouts,  1075 
rnwtrip«»d  muscle,  07 
Upper  extroniity,  arteries  of,  655 
articulations  of,  409 


Upper  extremity,  bones  of,  301 
lymphatics  of,  779 
muscles  and  fasciae  of,  522 
surface  markings  of,  1319 
veins  of,  747 
iaw,  bones  of,  256 
lateral  cartilage,  1009 
motor  neurons,  896 
'•  Urachus,  189 
,  Ureter,  1216 
I      abdominal  part  of,  1216 

arteries  of,  1217 
'      lymphatic  vessels  of,  793 
!      muscles  of,  1223 
I      nerves  of,  1217 
orifices  of,  1222 
par8  (ibdominalia,  1216 

pelvina,  1216 
pelvic  part  of.  1216 
structure  of,  1217 
tunica  adventitia,  1217 
mucosa,  1217 
Urethra,  development  of,  190 
female,  1228 
male,  1225 

applied  anatomy  of,  1226 
cavernous  portion  of,  1226 
crest   or  verumontanum  of, 

1225 
lymphatic  vessels  of,  794 
membranous  portion  of,  1226 
I  prostatic  portion  of,  1225 

sinus  of,  1225 
structure  of,  1226 
muliebris,  1228 
virilis,  1225 

pare  cavernosa,  1226 
membranacea ,  1226 
prostaiica^  1225 
Urethral  artery,  705 
bulb,  1226 
crest,  in  female,  1228 

in  male,  1225 
glands,  1226 
orifice,  external,  1226,  1257 

internal,  1222 
plate,  190 
Urinary  bladder,  male,  1218 
female.  1221 
meatus,  1257 
organs,  1206 

development  of,  180 
lymphatic  vessels  of,  793 
Urogenital  apparatus,  1206 
diaphragm,  519 
fold,  181 
organs,  1206 
ostium,  primitive,  190 
Urorectal  septum,  172 
Uterine  artery,  701 
glands,  1252 
plexus  of  nerves,  1005 
plexuses  of  veins,  761 
tube,  1247 

abdominal  ostium  of,  1247 
ampulla  of,  1247 
nppendiccH  resiculosae,  1247 
applied  anatomy,  1247 
development  of,  182 
fimbriae,  1247 
infundibulum  of,  1247 
isthmus  of,  1247 
ITterosacral  ligaments,  1250 
Uterus,  124S 
in  adult,  1252 
after  parturition,  1252 
applied  anatomy  of,  1254 
body  of.  1249 
cervix  of,  1249 
development  of,  1S2 
during  menstruation,  1252 

pregnancy, 1252 
in  fetus,  1251 

form,    size,    and   situation    of, 
1251 


Uterus,  fundus  of.  1249 

interior  of,  1250 

isthmus  of,  1249 

ligaments  of.  1250 

lymphatic  vessels  of,  795 

masculinus,  or  prostatic  utricle. 
1225,  1226 

nerves  of,  1253 

in  old  age,  1252 

at  puberty,  1251 

structure  of,  1252 

tunica  mucosa,  1252 
muscularis,  1252 

vessels  of,  1253 

wgin  state  of,  1249 
Utricle,  prostatic,  1226      • 

of  vestibule,  1062 
Utriculwi,  1062 
Uvea,  1025 
Uvula  of  cerebellum,  S39 

palatine,  1112 

vermis,  839 

vesicae,  1222 
Uvular  lobe,  839 


Vagina,  1255 

columns  of,  1255 

fornices  of,  1255 

lymphatic  vessels  of,  795 

structure  of,  1255 

tunica  mucosa,  12.55 
muscularis,  1255 
Vaginae  mucosae,  380 
Vaginal  artery,  702 

bulb,  1257 

orifice,  1257 

plexus  of  nerves,  1005 

plexuses  of  veins,  762 

process  of  temporal  bone,  243, 
244 

processes  of  sphenoid  bone,  250 
Vagus  nerve,  940 

applied  anatomy  of,  943 
ganglion  of  root  of,  941 

of  trunk  of,  941 
nuclei  of,  829,  940 
Vallecula  cerebelli,  837 
ValleculsB  of  tongue,  1082 
Vallum,  1128 

Valsalva,  sinuses  of,  610,  612 
Valve,  bicuspid,  612 

colic,  1179 

of  coronary  sinus,  608,  730 

Eustachian,  607,  608 

ileocolic,  1179 

of  inferior  vena  cava,  607,  762 

mitral,  612 

pyloric,  1164 

Thebesian,  608,  730 

tricuspid,  609 

of  Vieussens,  842 
Valves,  anal,  1184 

of  heart,  development  of,  151 

of  Houston,  1183 

ofKerkring,  1173 

of  lymphatics,  76S,  769 

right  and  left  venous,  146 

semilunar  aortic,  612 
pulmonar>',  610 

of  veins,  599* 
Valvulabicuspidalis  [Tuetralis],  612 

coli,  1179 

sinus  coronarii  [Thcbcsii],  608 
[      tricuapidaiiii,  609 

venae  cavae  inferion's,  608 
Valvulae  connivrntes,  1173 
Vas  aberrant  of  Haller,  1236 

deferens,  1285 

spirale,  1005 
I'a.sa    abcrrantia    [from    brachial 
artery],  673 

affenntia  (lymph  glands],  770 
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Vasa  brevia  arteries,  691 

efferentia  (lymph  glands],  770 
intestini  tenuis  arteries,  692 
vaaorum  [arteries],  597 

(veins],  600 
Vascular  areas  of  yolk-sac,  141 
capsule  of  lens,  136 
system,  changes  in,  at  birth, 
618 

development  of.  141 

peculiarities  in  fetus,  615 
Vasomotor  nerve  fibres,  802 
Vastus  cxternus  muscle,  566 
intermedius  muscle,  566 
internus  muscle,  566 
lateralis  muscle,  566 
medialis  muscle,  566 
Vater,  ampulla  of,  1200 
Vein  or  Veins,  of  abdomen,  759 
anastomotic,  of  Labbe,  739 
angular,  733 
auditory,  internal,  1067 
auricular,  posterior,  734 
axillary,  750 
azygos,  753 
basal,  740 
basilic,  748 

median,  747 
basivertebral,  755 
brachial,  750 
brachiocephalis,  751 
of  brain,  739 
bronchial.  754,  1108 
cardiac,  730 

anterior,  731 

great.  730 

small,  730 

smallest,  731 
cardinal,  157 
cava,  inferior,  762 

superior,  753 
cephalic,  747 

accessor>',  748 
cerebellar,  740 
cerebral,  739,  740 

anterior,  740 

choroid,  740 

deep  middle,  740 

external,  739 

great,  740 

inferior,  739 

internal,  740 

middle,  739 

superior,  739 

terminal,  740 
cervical,  deep,  738 
choroid.  740 
coats  of,  599 
comitans,  of  hypoglossal  nerve, 

736 
common  facial,  733 

iliac,  762 

peculiarities  of,  762 
coronary,  730 

of  stomach,  766 
of  corpus  striatum,  885 
cystic,  767 
deep  cerebral,  740 

facial,  733 

of  forearm,  750 

of  hand,  750 

of  lower  extremity,  758 

of  upper  extremity,  750 
development  of,  154 
digital,  of  foot,  756 

of  hand,  747 
diploic,  738 
dorsal  digital,  747 

metacarpal,  747,  750 

of  penis,  761 
emissary,  746 

applied  anatomy  of,  747 
epigastric,  760 

deep,  760 

superficial,  756 


Vein  or  Veins,  extraspinal.  754 
facial,  733 

anterior,  733 

common,  733 

deep,  733 

posterior,  734 

transverse,  734 
femoral,  758 
frontal,  732 
of  Galen,  740 
gastric,  short,  766 
gastroepiploic,  766 
gluteal,  760 
of  hand, 747,  750 
of  head  and  neck,  731 
of  heart,  730 
hemiazygos,  753 
hemorrhoidal,  inferior,  761 

middle,  760 

superior,  766 
hepatic,  764 
highest  intercostal^  753 
histology  of,  599 
hypogastric,  760 
iliac,  circumflex,  deep,  760 
superficial,  756 

common,  762 

external,  769 

internal.  760 
iliolumbar,  762 
inferior  cava,  762 

thyroid.  751 
innominate,  751 
intercapitular,  747,  756 
intercostal,  highest,  753 
interlobular,  of  kidney,  1214 

of  liver,  1198 
internal  mammary,  751 
intervertebral,  755 
intralobular,  of  liver,  119S 
intraspinal,  755 
jugular,  anterior,  736 

external,  734 
posterior,  736 

internal,  736 

primitive,  157 
of    Labb^,    posterior    anasto- 
motic, 739 
labitd,  733 
lateral  sacral,  760 
of  left  atrium,  603 
lienal  or  splenic,  765 
lingual,  736 

of  lower  extremity,  755 
lumbar.  763 

ascending,  753 
mammary,  internal,  751 
marginal,  of  foot,  756 
masseteric,  733 
maxillary,  internal,  734 
median  anti brachial,  749 

basilic,  747 
of  medulla  spinalis,  755 
mesenteric,  766 
metatarsal.  758 
middle  cardiac,  731 

sacral,  762 
nasofrontal,  745 
of  neck,  734 
oblique,  of  left    atrium  (Mar- 

shalli],  159,  603,  731 
obturator,  760 
occipital,  734 
ophthalmic,  745 
orbital,  734 
ovarian,  764 
palpebral,  733 
pancreatic,  766 
pancreaticoduodenal,  766 
parumbilical,  767 
of  pelvis,  759 
penis,  dorsal  of,  761 
peroneal,  758 
pharyngeal.  737 
phrenic,  inferior,  764 


Vein  or  Veins,  phrenic,  superior, 

751 
plantar,  758 
popliteal.  758 
portal,  764 

applied  anatomy  of,  767 
posterior  of  left  ventricle,  731 
primitive  jugular,  157 
profunda  femoris,  759 
prostatic  plexus,  761 
pt-erygoid  plexus,  734 
pubic,  760 
pudendal  internal,  760 

plexus,  761 
pudic,  756,  760 
pulmonary,  730 
pyloric.  766 
ranine,  736 
renal.  764,  1214 
sacral,  760,  762 
saphenous,  757 

applied  anatomy  of,  757 
sciatic,  760 
short  gastric,  766 
spermatic,  763 
of  spinal  cord,  755 
splenic  or  lienal,  765 
striate,  inferior,  740 
structure  of,  599 
stylomastoid,  734 
subcardinal,  157 
subclavian,  750 
sublobular,  of  liver,  1198 
submaxillary,  733 
submental,  733 
superficial,  729 

of  lower  extremity,  756 

applied  anatomy  of,  757 

of  upper  extremity,  747 

applied  anatomy  of,  749 
superior  cava,  753 

mesenteric,  766 

phrenic,  751 
supraorbital,  733 
suprarenal,  764 
Sylvian,  739,  740 
systemic,  730 
temporal,  733 
temporomaxillary,  734 
terminal,  740 
of  Thcbesius,  731 
thoracoepigastric.  756 
of  thorax,  751 
thyroid,  inferior,  751 

middle,  737 

superior,  737 
tibial,  758 
transverse  cervical,  735 

facial,  734 

scapular,  735 
Trolard,  great  anastomotic  of, 

739 
umbilical,  100, 145 

obliterated,  765,  1150 
of  upper  extremity,  747 
utenne  plexuses,  761 
vaginal  plexuses,  762 
valves  of,  599 
vena  azygos  major,  753 
minor  inferior,  753 

cava,  inferior,  762 

superior.  753 

vertebral  anterior,  738 

plexuses,  754 

posterior,  738 
of  vertebral  column,  754 
vesical  plexus,  761 
vesicoprostatic  plexus  of,  761 
visceral,  155 
vitelline,  144,  155 
volar  digital,  747.  750 

metacarpal,  750 
Velamentous    insertion    of    um- 
bilical cord,  102 
Velum  interpositum ,  888 
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Velum  medullare  arUerius,  842 

po8teriu8,  842 
medullary,  842,  845 
palatine,  1112 
Vena  angularisy  733 
anonyma  dextra,  751 

sinifttra,  761 
auricularis  posterior,  734 
axillaris,  750 
azygos,  753  . 

major^  753 

minor  injerior,  753 
superior,  753 
basilica,  748 
capitis  lateralis,  160 

medialis,  160 
caoa  inferior,  762 

applied  anatomy  of,  762 
development  of,  157 
fossa  for.  1194 
peculiarities  of,  762 
valve  of,  762 

superior,  753 

applied  anatomy  of,  754 
development  of,  157 
surface  marking  of,  1300 
caval  foramen  in  diaphragm, 496 
cephalica  accessoria,  748 
cerebri  maffna,  740 

media,  739 
cervicalis  profunda,  738 
circumflexa  Uium  profunda,  760 
comitans  of  hypoglossal  nerve, 

733,  736 
cordis  magna,  730 

media,  731 

parva,  736 
coronaria  ventriculi,  766 
corporis  striata^  740 
cystica,  767 

epigastrica  inferior,  760 
facialis  anterior,  733 

posterior,  734 
femoralis,  758 
frontalis,  732 
gastroepiploica  dextra,  766 

sinistra,  766 
haemorrhoidalis  media,  760 
hemiazygos,  753 

accessoria,  753 
hypogastrica,  760 
Uiaca,  externa,  759 
intercostalis     suprema     dexfra, 
753 
sinister,  753 
fugularis  anterior,  736 

externa,  734 

interna,  736 

posterior,  736 
linealis,  765 

moiTna  [G^Z«ntl  740.  889 
maxillaris  interna,  734 
mediana  antibrachii,  749 

cuhiti,  747 
mesenterica  inferior,  766 

superior,  766 
obliqua  atrii  sinistri  [Marshalli\, 

731 
obturatoria,  760 
occipitalis,  734 
ophihalmica  inferior,  746 

superior,  745 
poplitea,  758 
portae,  764 

posterior  ventriculi  sinistri,  731 
profunda  femoris,  759 
saphena  magna,  756 

parva,  757 
subclavia,  750 
supraorbitalis,  733 
temporalis  super fidalis,  733 
terminalis,  740 
thyreoidea  superioris,  737 
vertebralis,  738 
Venae  advehentes,  155 


Venae  anoni/moe,  751 
ha8ivertd)rales,  755 
brachiales,  750,  754 
cerebelli  inferiores,  740 

superior es,  740 
cerebri,  739 

inferiores,  739 

t7i<emae,  740 

superiores,  739 
comiton^es,  729 
cordis,  730 

mtnimoe,  608 
digitales  plarUares,  758 
diploicae,  73S 
dorsales  penis,  761 
Galeni,  889 
gastricac  breves,  766 
glutaea^  inferiores,  760 

superiores,  760 
hepaticae,  764 
iliacae  communes,  762 
intervertebrales,  755 
linguaUs,  736 
lumbales,  763 
mamwiariae  intemae,  751 
ovariacae,  764 
pancreaticae,  766 
pancreaticoduodenales,  766 
parumbilicales,  767 
pharyngeal,  737 
phrenicae  inferiores,  764 
propriae  readies,  1214 
pulmonales,  736 
rectoe  [kidney],  1214 
renales,  764 
revehentes,  156 
sacrales  laterales,  760 

mediates,  762 
spermaticae,  763 
spinales,  755 
stellatae  [kidneyl,  1214 
suprarenales,  764 
thyreoideae  inferiores,  751 
tibialis  anterior  es,  758 

posterior  es,  758 
vorticosae,  1022, 1031 
Venesection,  749 
Venous  arch,  dorsal,  756 

plantar  cutaneous,  756 
lacunse  of  dura  mater,  741 
mesocardium,  603 
plexus,  ovarian,  764,  1246 

pampiniform,  763, 1230, 1246 

pharjTiKeal,  737 

pterygoid,  734 

pudendal,  761 

spermatic,  763,  1230 

uterine,  761 

vaginal,  762 
sinuses,  727 

of  dura  mater,  740 
^valves,  right  and  left,  146 
Ventral  aortse,  145 
cochlear  nucleus,  836 
fissure  of  medulla  oblongata, 

822 
lamina,  119 
mcsogastrium,  168 
pulmonary  nerves,  943 
spinal  artery,  660 
Ventricle  of  fornix,  886 
fourth,  floor  of,  847 
of  mid-brain,  854 
terminals  of   medulla  spinalis, 

810  Tt 

of  Verga,  886 
Ventricles  of  brain,  fourth,  845 

lateral,  877 

third,  864 
of  heart,  left,  611 

primitive,  145 

right,  608 
of  larynx,  1086 
Ventricular  folds  ot  larynx,  1 085 
ligament  of  larynx,  1085 


Ventricular  septum,  149,  612 
Ventriculus,  1161 
dexter,  608 

laryngis  [Morgagni],  1086 
toiero/w,.877 

pars  centralis,  877 
quartus,  845 
teto  sie&mt/cosa,  1165 
tertius,  864 
tunica  mucosa,  1165 
muscularis,  1164 
fibrae  obliquae,  1164 
straium  circularis,  1164 
longitudinale,  1164 
serosa,  1164 
Ventromedian  fissure  of  medulla 

oblongata,  822 
Verga,  ventricle  of,  886 
Vermian  fossa,  228 
Vermiform  process  or  appendix, 
1178 
structure  of,  1178 
Vermis  of  cerebellum,  837 
Vernix  caseosa,  116 
Vertebra,  anticlinal,  202  no<e 
prominens,  201 
ossification  of,  211 
Vertebrffi.  196 
cervical,  198 
cervicales,  198 
characteristics  of,  197 
coccygeal,  205 
ligaments  of,  384-386 
lumbales,  204 
lumbar,  204 
ossification  of,  210 
sacral,  205 
sacral,  205 
structure  of,  197 
thoracales,  .201 
thoracic,  201 
Vertebral  arch,  197 

arches,  articulations  of.  386 
artery,  659 
canal,  214 
column,  196,  212 

applied  anatomy  of,  214 
articulations  of,  384 
curves  of,  212 
ossification  of,  210 
surface  form  of,  1293 
veins  of,  754 
foramen,  197 
groove,  214 
notches,  197 

part  of  base  of  skull,  106 
ribs,  221 
vein,  738 

venous  plexuses,  754 
Vertical  index  of  skull,  296 
lingualis  muscle,  1130 
part  of  palatine  bone,  266 
Vertical  is  linguae  muscle,  1130 
Verumontanum,  1225 
Vesica  fellea,  1199 

tunica  mucosa,  1199 
muscularis,  1199 
serosa,  1199 
urinaria,  1218 

tela  submucosa,  1223 
tunica  mucosa,  1223 
muscularis,  1223 
serosa,  1223 
Vesical  artery,  701 

layer  of  pelvic  fascia,  512 
plexus  of  nerves,  1005 
of  veins,  761 
Vesicle,  auditory,  138 
blastodermic,  85 
germinal,  78 
lens,  134 
optic,  126,  134 
Vesicles,  cerebral,  88,  120 
Vesicpprostatic  plexus  of  veins, 
761 
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Vesicouterine  excavation,  1152 
Veaiculaeseminaleii,  1236 

applied  anatomy  of,  1237 
lymphatic  vessels  of,  794, 795 
nerves  of,  1237 
structure  of,  1237 
vessels  of,  1237 
Vesicular  ovarian  follicles,  1245 
Vestibular  arteries,  1068 
bulb,  1257 
fissure.  1060 
ganglion,  1068 
glands,  greater,  1258 
lip.  1065 
membrane,  1063 
nerve,  935,  1068 

nuclei  of,  836,  935 
root  of  acoustic  nerve,  935 
Vestibule,  aortic,  612 
of  internal  ear,  1058 
of  larynx,  1085 
of  mouth,  110 
of  nasal  cavity,  1010 
of  omental  bursa,  1156 
of  vagina,  1257 
Vestibulospinal  tract,  815 
Vestibulum,  1058 
oris,  1100 
vaginae,  1257 
Vestigial  fold  of  Marshall,  731 

of  pericardium,  603 
VicQ  d'AajT,   bundle  of,  857, 

860,  886 
Vidian  artery,  642,  648 

nerve,  920 
Vieussens,  valve  of,  842 
Villi,  arachnoid,  905 
of  chorion,  99 
of  intestine,  1 173 
Vineula  brevia,  540 
longa,  540 
tendina,  540 
Visceral  arches,  108 

veins,  155 
Visual  area  of  cortex,  893 

centres,  higher  or  cortical,  864, 
909 
lower,  864,  909 
purple,  1026 
Visuopsychic,  area,  893 
Visuosensory  area,  893 
Vitelline  circulation,  93,  143 
duct,  168 
fluid.  93 
membrane,  83 
veins,  144,  156 
Vitreous  body  of  eye,  1030 
development  of,  136 
table  of  skull.  196 
Vocal  cords,  false,  1085 
inferior,  1086 
superior,  1085 
true.  1086 
folds,  1086 

process  of  arytenoid  cartilage, 
1081 
Vocalis  muscle,  1089 
Voice,  organs  of.  1079 
Volar  arch,  deep,  679 


Volar  arch,  superficial,  682, 

applied  anatomy  of,  682 
surface  markings  of,  1322 
branch  of  ulnar  nerve,  968 
carpal  artery,  678 
ligament,  547 
net- work,  678 
digital  arteries,  682 

nerves,  965 
interosseous  artery,  680 

nerve,  965 
metacarpal  arteries,  679 

veins,  750 
venous  arches,  750 
Volaria  indicis  radialis  artery,  679 
Voluntary  muscles,  64 
Vomer,  269 

articulations  of,  271 
ossification  of,  270 
Vomeronasal  cartilage,  1012 

organs,  113,  1012 
Vulva,  1256 


W 


Wagner     and     Meissner,     cor- 
puscles of,  1070 
Waldeyer,    germinal    epithelium 
of,  184 

odontoblasts  of ,  1 1 1 9 

zona  vasculosa  of,  1246 
Wallerian  degeneration,  815 
Wandering  cells,  42 
Wharton,  duct  of,  1136 

jeUy  of,  97 
White  fibrocartilage,  49 

fibrous  tissue,  43 

line  of  pelvic  fascia,  512 

nerve  fibres,  73 

nervous  substance,  70 
of  cerebellum,  839 
of    cerebral    hemispheres, 

889 
of  medulla  spinalis,  814 
of  Schwann.  73 
WUlis,  circle  of,  653 
Windpipe,  1091 
Wings  of  sphenoid,  248,  249 
Winslow,  foramen  of,   170,  689, 

1155 
Wirsung,  duct  of,  1204 
Wisdom  teeth  ,1118 
Wolffian  body,  181 

bulbs,  191 

duct.  137 

tubules,  180 
Womb,  1248 
Wormian  bones,  255 

applied  anatomy  of,  255 
Wrisberg,    cardiac    ganglion    of, 
1002 

cartilages  of.  1082 

ligament  of,  442 

nerve  of,  964 

nervus  intermedius  of,  929 
Wrist-joint,  425 

applied  anatomy  of,  426 

surface  anatomy  of,  1319 


Xiphoid  appendix,  220 
process,  220 


I  Y-SHAPED     cartilage  of    acetab- 
ulum, 340 
ligament  of  Bigelow,  433 
Yellow  elastic  fibrocartilage,  50 
tissue,  44 
spot  of  retina,  1026,  1029 
Yolk,  formative,  78 

nutritive,  78 
Yolk-sac,  93 
Yolk-stalk,  168 


ZiGZAQ  tubule,  1212 

Zinn,  ligament  or  tendon  of,  1035 

zonule  of.  1030 
Zona  arcuata,  1065 
fasciculala,  1272 
glomenUosa,  1272 
incerta,  860 
orbicularis,  432 
peciinata,  1065 
pellucida,-  79 
reticularis,  1272 
'  striata,  79 
vasculosa  [ovary],  1246 
of  Waldeyer,  1246 
Zones  of  abdomen,  1 147 
Zonula  cUiaris,  1030 
Zonule  of  Zinn,  1030 
Zygomatic  arch,  282 
bone,  263 

articulations  of,  265 
foramina  of,  264 
frontosphenoidal  process  of, 

264 
maxillary  process  of,  265 
orbital  process  of,  264 
ossification  of,  265 
temporal  process  of,  265 
branch  of  facial  nerve,  933 
fossa,  273 
nerve,  917 

process  of  frontal  bone,  235 
of  maxilla,  260 
of  temporal  bone,  237 
Zuckerkandl,    aortic    bodies    of, 

1274 
Zygomaticofacial    foramen,    263, 
286 
nerve,  918 
Zygomatieofrontal  suture,  282 
Zygomaticoorbital  foramina,  264 
Zygomaticotemporal    foramen, 
263,  282 
nerve,  918 
suture,  282 
Zygomaticus  muscle,  470 
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